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THE ORIGIN OF DOLOMITE 
Introduction. 

Bischof ha,s well said: "No rock has attracted greater atten­
tion than dolomite." The problem of the origin of this rock 
has long occupied the minds of geologists and many theories 
have been advanced for its formation. 

ThTTyrol has always been classic ground for dqlomite st;ay . 
.As early as 1779, before dolomite as such was recognized as a 
distinct rock, the Italian geologist, .Arduino/ called attention to 
the magnesian limestlOnes which occur in this region in associa­
tion with rocks of volcanic origin. Two years later Dolimeu2 

remarked upon the peculiar magnesia-bearing limestones of. the 
same region and described some of their properties. But it 
remained for Saussures in 1792, to make a comprehensive study 
of the physical and chemical properties of the rock and to give 
it the specific name" dolomite" in honor of its first! describer. 
Since this time dolomite has been found to. have a widespread 
distribution in both time and space and to constitute one of the 
most important rocks of th~ ,earth's crust. But the mode of 
formation of the rock has remained from the first a disputed 
question and in spite of the fact that a voluminous literature 
has grown up on the subject, the last word has not· yet been 
spoken. It is the purpose of the writer to review the existing 
theories 'of the origin of dolomite and to weigh each of these 
carefully in the light of additional evidence gathered in the 
course of his invest.igations. 

Field studies were first undertaken in connection with the 
problem in northeastern Iowa and adjacent parts of Illinois 
and Wisconsin in 1912, under the auspices of the Iowa Geo­
logical Survey, and from this time were carried on privately 
at intervals in southeastern New York state and New Jersey 

'Cited by Morlot, Haidinger' s Naturw . Abh ., Vol. 1. 1847, p" 305. 
2Id.em., p. 306 . 
"Idem., p. 306. 
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until early in 1914, when a grant from the Esther Herrman Re­
search Fund of the Nevi York Academy of Sciences made pos­
sible much more ~xtensive observatiop-s , during the remainder 
of that year in Vermont, N ew York State, Pennsylvania, Ohio, 
Michigan, Missouri, illinois and in the province of Ontario. 
In addition the writer has more recently obtained a large 
amouiIt of data bearing on the subject in s.oJthern Iowa while 
engaged in a study of the stratigraphy of the Mississippian 
formations of this rE;lgion for the State Geological Survey. 

OCCURRENCE. 

Dolomite frequently occurs as a gangue mineral in ore de­
posits and commonly forms veinlets and druses in dolomitic 
limestones. Magnesian spring deposits likewise have been re­
corded~ Vein dolomites formed by the dolomitization of lime­
stone ,along fissures also are known and several examples of 
limestones mottled with patches of dolomite in such a way as 
to give the appearance of a breccia have been described 
within recent years. It is with the stratified deposits of 
dolomite, however, that we are chiefly concerned. These are 
predominantly marine formations, or at least the alteration 
products of formations originally marine. But fresh-water 
dolomites also are known. Thus, Leube4 has described dolomite 
beds bearing as much as 44.94 per cent of Mg003 which alter­
nate with less dolomitic and with clayey beds in a Cretaceous 
fresh-water formation near Ulm in Bavaria, and Knapp5 has 
found from 38 to 49.6 per cent of MgCOs in a fresh-water lime­
stone of the brown coal series at Rodgen near Geissen. 

The stratified dolomites may in themselves constitute entire 
formations ranging up to several hundred feet in thickness, or 
they may represent only portions of formations, in which case 
they are interbedded with limestone, sandstone, shale and 
gypsum. They are widely distributed on the continents and 
occur in many of the coral islands of the sea. 

They range from several shades of gray to buff or yellow in 
color, and are usually massive and nearly structureless but in 

'Neues Jahrh. 1840, p. :In. 
"Jahresber. Chemie. 1847-1848, p. 1298. 
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places they are thinly and regularly bedded. In fossil content 
they also exhibit considerable variation. Some dolomites show ' 
few or no traces of fossils, while others are highly fossiliferous . 

. In the fossiliferous varieties the fossils in some instances are 
preserved intact in a silicIfied condition, but in most cases they 
are in the form of moulds or casts. Again they vary mu(>h in 
porosity. Some dolomites are very compact, but most of them 
are vesicular and porous. The size of grain is likewise subject 
to great variation. The fine-grained, dense varieties are often 
distinguished from limestone only with difficulty, but the 
coarser-grained types are more . distinct by reason of their ten­
dency to break down into a dolomite sand upon weathering. 

With regard to the relation of dolomites to time, they occur 
in every geological ~ystem of the stratigraphic column and are 
being formed. in the seas today. They attain their maximum 
development, however, bi the early Paleozoic· systems and 
roughly decrease in importance With ' time. This has ' been 
demonstrated by Daly,s who, by a compilation of a large number 
of analyses of limestones and dolomites of known age, calcu­
lated the ratio of dolomite to limestone in the different geologic 

. periods. (See Table I.) 
TABLE 1. 

PERIOD 

I 
No. OF I RATIO OF I RATIO 

AN- CaCO a TO OF Ca TO 
ALYSES .MgCO. Mg 

Pre-Cam brian: 
(a) :From North America except those in (b) 28 
(b) From Ontario (Miller)................. 33 
(c) Average of (a) and .(b) . .. .. .. .. ..... . . 61 
(d) Best General Average.................. 49 

Cambrian (including 17 of the Shenandoah lime-
stone) ...............•................... 30 

Ordovician .................... ............... 93 
Silurian ..... , ............................... 208 

All pre-Devonian ......................... 392 
Dev.onian . . . ......... ........ .. ... ..... . ..... 106 
Carboniferous .............. .. . .. ............. ·238 
Cretaceous ................................... 77 
Tertiary ..... :....... .................. ..... . 26 
Quaternary and Recent ...................... 26 

Total ......... ....... , ......... ......... , 86.5. 

·Bull. Geol. Soc. America, Vol. 20, 1909, p. 153. 

1.64: 1 
4.92:1 
2.93:1 
2.58:1 

2.96:1 
2.72:1 
2.09:1 

2.39:1 
4.49:1 
8.89:1 

40.23:1 
37.92:1 
25.00:1 

2.30:1 
6.89:1 
4.10:1 
3.61:1 

4.14:1 
3.81:1 
2.93:1 

3.35:{· 
6.29:1 

12.45:1 
56.32: 1 
53.09:1 
35.00:1 
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TABLE ,' 

CONSTITUENTS 

HORIZON LOCALrry. 

I I Al.O
a I I Caco M:gCO + In sol. SiO' . a • Fe.O. Matter 

I 

Missourian ... .. , Independence, Mo .. . ... 97.41 .... 0.92 . . .. 1.46 
Stones River ...• Murat P. 0., Va ....... 94.88 1.03 1.24 .... 2.54 
Chambersburg .. , Strasburg, Va . .. ....... 84.64 1.68 1.48 12.10 . '" 

Beekmantown . .. Harrisburg, Pa ......... 92.14 3.15 0.06 5.08 . ... 
Wapsipinicon ... Cedar County, la ... ... . 93.61 4.20 0.58 1.52 .... 
Platteville ... .. . Dixon, Ill . ........ .... . 83.93 5.02 4.44 .., . 4.78 
Elbrook ........ Waynesboro, Pa .. . . .. . . 83 .23 6.03 1.16 8.80 . ' . . 
Triassic ........ Southern TyroL ... . ... 91.50 7.40 . .. 1.13 . . .. 
Kinderhook ..... Marshall County, la .... 90.04 8.08 0.50 1.22 . . 0. 
PlaJttin ......... Cape Girardeau, Mo . . .. 87.23 9.26 0.45 ..0. 2.93 
Clinton . . ....... Wilmington, Ohio ...... 83.77 10.20 2.68 '" . 2.32 
Jurassic . . ... . .. French Jura ........... 82.00 11.22 . . . 6.88 •• 0 • 

Trenton ........ Nat. Gas Belt, Ind ..... 8,3.21. 12.48 1,23 2.14 . ... 
St. Louis .. .. ... , St. Louis, Mo ....... .. . 78.97 13.36 0.53 .... 2.40 
St. Louis . ....... St. Louis County,' Mo .. 78.98 14.12 0.99 . . . . 3.39 
Wapsipinicon . .. Bettendorf, la .... .. .. . ' 79 .60 15.40 0.70 4.46 .. .. 
Onondaga .. ... . ,Bloomville, Ohio .... .' .. 62.30 13.18 1.54 .... 22.76 
Triassic . . ...... Southern Tyrol . . . ... .. 80.50 18.20 ... .1 .26 . .. . 
Beekmantown . . , Harrisburg, Pa .... . ... 76.10 19.00 1.10 4.70 •• 0 . 

Beekmantown .. , Harrisburg, Pa .......• 76.33 19.88 0.64 2.41 .... 
Clinton ......... New Jru:;per" Ohio .. . . . . 75.27 20.60 2.40 , . ... 2.54 
Dnondaga ...... ' Owens St.a., Ohio ..... . 74.00 21.46 1.85 .. . . 1.92 
Onondaga .. . ... , Owens Sta., Ohio ...... 72 .85 22.38 2.65 .. . . 1.65 
Onondaga ..... . , Owens Sta., Ohio . ..... 64.00 20.47 2.30 .... 12.50 
Beekmantown .. ' Harrisburg, Pa ........ 64.28 22.32 1.30 11.61 '" . 
Beekmantown. " Harrisburg, Pa ........ 64.99 23.59 1.57 10.60 . • 0. 

Onondaga . ..... , Kelley's Island, Ohio . .. 71.17 26.82 0.40 .. .. 1.60 
Niagara ... ..... Lynchburg, Ohio .. .. ... 64.55 25.51 5.18 .... 4.88 
Clinton ..... .. .. Yellow Sorings. Ohio ... 68.20 28.44 2.40 .... 0.72 
Niagara . .. ..... New Paris, Ohio .. . .... 67.00 29.32 1.32 .... 2.50 
Be,ekmantown .. Harrisbur'g, Pa .. . ..... 58.53 27.44 2.09 11.90 '" . 
Onondaga . .. . . . , Spore, Ohio ... . " . ...... 56 ,04 27.82 3.99 . ... 8.92 
Kinderhook .... , Cooper County, Mo ..... 55.54 29.09 2.61 ... . 11.99 
Niagara . . . . .... Btone City. la ...... . .. 63.56 34.76 0.72 0.96 .... 
Onondaga .. ..... , Defiance. Ohio . ........ 55.30 32.21 1.58 . ... 11.86 
Burlington ... ... Ash Grove, Mo .. . . . .... 61.44 37.68 0.50 . . .. 0.40 
Kinderhook ... . . Sedalia. Mo .... . ... . .. : 49.21 31.57 1.08 .. . . 17.69 
,Wapsipinicon ... Cedar Valley, la .... . .. 58.20 39.50 0.90 1.20 •• 0 . 

Cedar Valley .... Bremer County, Ia ... . . . 55.23 39.03 2.12 3.28 . .. . 
Beekmantown .. , Rtrasburp' Jct., Va . . .. . 51.07 37.80 1:00 10.06 .. . . 
Kittatinny ..... , Easton, Pa ........ . ... 54.40 42.40 . 2.22 . . .. 1.84 
Niagara ....... . Lannon. Wis .......... 52.29 42.27 1.68 .... 3.96 
Niagara .... . ... Soring-field, Ohio .. . ; ... 53.44 44.49 0.54 "0 • 1.37 
Niagara . .. . .... New Madison, Ohio . . . . '51.70 45.26 2.70 .... 
Niagara ..... . .. Cedar Valley, la ..... " 51.27 48.09 0.35 I 0.23 .. . . 
Niagara ........ 81Jringfield, Ohio ....... 46.40 47.53 4.90 - .. . . 
Niagara .. ...... GreenVille, Ohio ....... 44.60 50.11 4.60 -

' 0 ' • 

Niagara ... . .. . . Hillsboro, Ohio . ... .... 35.57 49.00 2.00 I .... 13.:10 .,..,." 



II. 

Recalculated 
on basil of 100% 

CaC03 + 
. MgC0 3 

I 

CaC0 3 J MgC03 

10{).00 
98.93 
98.05 
96.70 
95.71 
94.36 
93.25 
92.52 
91.76 
90.40 
89.14 
87.9£ 
86.96 
85.53 
84.83 
83.79 
82.54 
81.56 
80.02 
79.34 
78.51 
77.52 
76.50 
75.77 
74.23 
73.37 
72.63 
71.67 
70.57 
69.56 
68.08 
66.83 
'65.63 
64.65 
63.19 
61.99 . 
60.92 
59.57 
58.59 
57.47 
56.20 
!?5.30 
54.57 
53.32 
51.60 
49.40 
47.09 
42.06 

1.07 
1.95 
3.30 
4.2"9 
5.64 
6.75 
7.48 
8.24 
9.60 

10.86 
12.04 
13.04 
14.47 
15.17 
16.21 
17.46 
18.44 
19.98 
20.66 
21.49 
22.48 
23.50 
24.23 
25.77 
26.63 
27.37 
28.33 
29.43 
30.44 
31.92 
33.17 
34.37 
35.35 
36.81 
38.01 
39.08 
40.43 
41.41 
42.53 
43.80 
44.70 
45.43 
46.68 
48.40 
50.60 
52.91 
57.94 
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COMPOSITION. 

Normal dolomite, CaMg( C08)2, is composed of the carbonates , 
of calCium and magnesium combined in equivalent prop~rtion~, 
and hence consists of 54.35 per cent of CaCOn and '45.65 of 
MgCOs• But perfectly pure dolomite is rarely found in nature. 
Siliceous or argillaceous impurities are commonly present; iron 
and rela ted metals may replace a portion of the calcium and 
magnesium ; and most important of all, the calcium in many 
dolomites 'is far in excess of the normal amount. This, in fact, 
is true to such a degree in dolomitic limestones that it is often 
impossible to say where dolomite leaves , off and limestone 

. begins, and some confusion has arisen regarding the place 
where the boundary should be drawn hetween these two rocks. 
At present the terms limestone and dolomite are very loosely 
used, and no attempt is made by many to distinguish between 
them. Thus, many rocks which are nearly true dolomites are 
described as limestones by some, while others refer to a rock 
as dolomite when really it is very low in magnesia; again, still 
others ,use the term magnesian limestone freely, regardless of 
the amount of magnesia present. The attempted classifications 
of limestone and dolomite show this same uncertainty and lack 
of regard of the importance of the magnesia content of the rock. 
For example, ,Forchhammer7 concluded that a limestone con­
taining more than 2 per cent of MgCOs could be called a 
dolomite. F~ W. Pfaff,s on the other hand, after a study of a se­
ries of analyses of dolomitic limestones, decided that no lime­
stones exist in nature which contain from 7 to 11 per cent ot 
MgCOa, and' made this the basis, of his classification, calling all 
magnesia-bearing limestones containing more than 11 per cent of 
MgCOa dolomite and all those containing less than 7 per cent of 
this constituent limestone. A careful examination of a large. 
number of analyses of dolomitic limestones by the writer, how­
ever, has proven Pfaff's classification to be untenable, for every 
gradation has been found to exist in the magnesia content be­
tween pure limestone on the one hand and dolomite on the other. 
(See Table II.) In rare cases the magnesia even exceeds tlie 

7Jour. Prakt. Chemie, Vol. 49, 1850, p. 52. 
"Neues Jahrb. , Beil. Bd. 23, 1907, p . 529. 
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proportion required in normal dolomite, and in these it must 
be assumed that this excess is due either to the existence of. 
MgCOa in solid solution or isomorphous mixture in the dolomite. 
or to the presence ' ~f free crystals of magnesite . 
. As to the exact natur~ of the mixtures ofealcite and dolomite 
in all stages of the transition from limestone to dolomite, little 
is as yet definitely known. Nor can this be determined except 
by careful mineralogical studies in conjunction with analytical 
work or by direct synthetic experiments. It can be safely as­
serted, however, that calcite and dolomite exist in solid solution 
or isomorphous mixture to a considerable degree, and that up 
to a certain point dolomite is miscible with calcite Without 
seriously affecting the latter's mineralogical properties and 
that again as the composition of dolowite is approached calcite 
is miscible with dolomite without destroying the latter's indi­
viduality. Where the exact transitions take place it is at present 
impossible to state, but there is some evidence bearing on this 
point. Thus, Skeats9 states that in some of the Tyrol limestones 
MgCOa is present to the extent of 6 or 7 per cent, without giving 
rise to any visible dolomite crystals, while a sample of the coral 
rock from . Christmas Island bore over 11 per cent of MgCOs · 

without showing visible dolomite. Similarly 'CullislO reports 
that the coral rock of the Funafuti boring contained as much 
as 16 per cent of MgCOa without exhibiting individual crystals 
of dolomite. It should be noted, however, that this rock had 
not yet . pndergone recrystallization. On the other hand, 
Wallacell found that a rock composed of homogeneous crystals 
but containing only 23.35 per cent of MgCOs reacted for dolo­
mite optically with Lemberg's solution. Somewhere, then, with­
in the limits of 11, or possibly 16, · and 23.35 per cent there 
appears to be ;:t transitlbn from calcite with dolomite in isomor­
phous mixture to dolomite with calcite in isomorphous mixture. 
Whether the transition is sharp or whether there is an interme­
diate stage in which the dolomite and calcite are present in the 
form . of a .mechanical mixture it is impossible to· state. It is 
hoped that future· stuqies will locate this point more accur,ately, 

9Quar. Jour. Geol. Soc, London, Vol. 61, 1905, p. lSI. 
l·The Atoll of Funafuti: Published by the Royal Society, London, 1904, p. 392. 
UCongr~s Geologique International Compt. Renli. 12th Session, Canada, 1913, p . 875. 
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for the present confusion attending the classification of the mag­
nesian and dolomitic limestones would then be, in part at least, 
eliminated. For instance, it might be found convenient to desig­
nate all limestones bearing MgOOa in excess of 3 or 4 per cent 
and below the limit at which individualized dolomite crystals ap:.. 
pear as magnesian limestones, while rocks above this limit which 
consist wholly or in part of crystals which. behave as dolomite 
but which still contain less MgOOg than normal dolomite might 
be designated dolomitic limestones. The more restricted term 
dolomite could then be applied to those rocks which possess the 
two carbonates in approximately equivalent proportions. In 
the present paper no attempt is made to apply any form of 
classification, and the term dolomite is loosely used for all 
dolomitic limestones which react microchemically !is dolomite, 
regardless of their exact composition. 

HISTORICAL REVIEW. 

The theories of the origin of dolomite may be classIfied con­
veniently in the following tabular form. 

I. Primary deposition theories: 
A. The chemical theory. 
B. The organic theory. 
C. The clastic theory. 

II. Alteration theories: 
A. The marine alteration theory. 
B. The groundwater alteration theory. 
C. ' The pneumatolytic alteration theory. 

III. Leaching theories: 
A. The marine leaching theory. 
B. The surface leaching theory. 

I. Primary Deposition Theories. 

A. The Chemicall Theory.-This theory formerly had many 
followers, and some geologists still adhere to it today. Bone12 

advocated this method of ori.gin as early as 1831, and Bertrand­
Geslin18 was an early supporter of this view. Similarly Wag­
ner,14 in 1839, favored the view that the dolomites of.the French 
Jura , were original deposits rather . than alteration products. 

12Bull. Soc. g~ol. France, Vol. I, 1831, p. 115. 
1lIBull. Soc. g~ol. France, Vol. 6, 1834; p. 8. 
"Cited by F . Pfaff, ,Pogg. Annalen, 1851, p. 465 . 
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Coquand/v however, concluded that dolomite had a two-fold 
origin, being in part the product of the action of volcanic agents . 
on limestone, and in part a regular chemical precipitate on the 
sea bottom. Wissmann16 almost simultaneously expressed the 
view that the dolomites of the Tyrol were original deposits, and 
Petzholdtl1 stated it as his ·opinion that both the ,dolomite and 
the limestone of this region are chemical precipitates, since ' 
they grade into each other. This, he believed, would ac­
count for the predominance of limestone in the lower part of 
the section and of dolomite in the upper, since MgCOs is the 
more soluble of the two carbonates and would be ,the last to 
be thrown out of solution. Fournet18 likewise interpreted the 
dolomite of the same region as original. . 

Forchhammer19 soon after pointed out that certain do~omitic 
nodules in the Cretaceous limestones at Faxo wer.e probably 
chemical. These he believed to be the product of the reaction 
of the CaCOs of spring water with the magnesia of sea water. 
The presence of material resembling travertine in the rocks and 
other evidences of spring action seemed to lend support to this 

·Vlew. 
Delanoue/o on the other hand, was inclined to favor the chemi­

cal precipitation theory for dolomites in general, regarding 
secondary dolomites as only local and of little importance. 

Liebe21 in 1855 gave this theory an elaborate setting for the 
origin of the Zechstein dolomites. To account for these he 
assumed that the Zechstein sea had been visited by eruptions 
and violent disturbances through which magnesia was intro­
duced from subterranean sources and the inhabitants of the sea 
exterminated. Carbon dioxide, possibly contributed by the 
volcanic action, took the magnesia into solution as . MgCOa, 

which was distributed over wide areas. This then united with 
the CaC03 of the sea to form minute crystals of dolomite which 
after being driven here and there by waves and currents were 
finally deposited on the sea bottom. 

"Bull. Soc. g~ol. France, Vol. 12, 1841, p. 314 . , 
l·Cited by Bischof .. Elements of Chemical and PhySical Geology, English tl'ansla-

tion, Vol. 3, 1859, p. 200. 
"Idem., p. 201. 
lOBulI. Soc. g~ol. France, 2d. ser. Vol. 6, 1849, p. 502. 
" Jour. Prakt. Chemie, Vol. ' 49, 1850, p. 52 . 
"Compt. Rend., Vol. 39, 1854, p. 492. ' 
2lZeitschr. Deutsch. geol. Gesell. , Vol. 7, 1855, p. 406. 
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Hunt22 also expressed 'himself unequivocally in favor of the 
' chemical precipitat~on of dolomite, giving it as his opinion that 
"dolomites, magnesites, and magnesian marls have had their 
origin in sediments of magnesium carbonate formed ·by the evap­
oration of solutions of bicarbonate of . magnesia. These solu­
tions have been produced by the action of bicarbonate of cal­
cium on MgS04 ; or by' the 'action of bicarbonate of sodium on 
MgCl2 or MgS04 • The subsequent action of heat has cemented 
the sediments into magnesite or dolomite." 

Cordier/s approaching the problem from a philosophical stand­
point, was also led to believe dolomites were chemical deposits, 
and Leymerie24 enter~ained similar views. He points out that the 
dominant salt in the sea today is NaCl, while MgCl2 and CaC12 

are accessory, but supposes that in early Paleozoic time condi­
tions may have been reyersed. If then Na2COS were brought in 
by rivers or introduced from submarine sources, a double de­
composition would set in and dolomite might be deposited. This 
he believed would account for the constant association of lime­
stone and dolomite both in different beds or layers and in the 
same · bed, and would explain the present high N aCl content of 
the seas. 

Von Rosen25 about this time claimed chemical precipitation 
as the probable method of origin of the dolomite and dolomitic 

·limestone of the Diina and Welikaja regions in Finland and 
Kurland, and GiimbeP6 applied it to the dolomites of the French 
Jura and of the southern Tyrol. Scheerer/1 on the other hand, 
believed that all of the oldest dolomites. represent cherpical 
precipitates. 

Loretz28 also favored the view that the dolomites of the south­
ern Tyrol a~e original formations and leaned towards the cheml- ' 
cal theory. The preservation of fine and detailed structures in 
the rock suggested to ·him its primary nature. 

"'Am. Jour. Sci., 20, ser., Vo!. 28, 1859, p. 382. 
"Compt. Rend. Vo!. 54, 1862, p. 293. 
"M~moires de L'Academie Imp~riale des Sciences de Toulouse, 6th ser., Vo!. 2, 

1864, p. 307. 
"Cited by Zirkel, Lehrbuch der Petrographle, 2d ed. Vo!. 3, 1894, p. -503. 
"Clted by Zirkel , Idem, p : 503 : 
"Neues Jahrb. , 1866, p. 1. 
"Zeltschr. Deutsch. geo!. G~sel1., Vo!. 30, 1-878, p. 387. 

., , 
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S. F .. Emmons/9 in 1886, adopted the primary theory for the 
origin of the dolomites of the Le.adville district of Colorado. He ' 
concluded that the magnesia is an original- const~tuent of these 
rocks, having been deposi'ted at the same time ,as the lime. The 
pres:ence of minute amounts of chlorine in the dolomites as 
shown by analyses led him to believe ·that fluid NaCl was in­
cluded in the dolomite grains when they crystallized. 

In still later times Vogt30 has come out in favor of this view, 
stating it as his opinion th~t certain Norwegian dolomites are 
chemical. The following facts are arrayed in favor of this con­
,tention: (1) Although the dolomites ·are in places' of great 
thickness, they consist in many <lases of ~olomite of ideal com­
position; (2) Dolomite. layers are inter stratified with limestone 
without transition; (3) Carbonaceous material is wanting in 
these dolomites; while in limestones derived from organic re­
mains carbonaceous material is always met with. 

Ulrich and Schucherl31 have also implied that certain dolo­
mitic limestones are chemical, as shown by the following state­
ment: 
. "Except around certain areas composed of pre-Cambrian rocks 
and supposed to have been islands (Adirondacks and Isle of 
Wisconsin) where deposits' were arenaceous, the upper Cambric 
sea laid down great beds of limestone. These limestones were 
chiefly dolomite, and in this case, indicate (1) remoteness from 
steep shores of the areas receiving them, (2) considerable ' depth 
of water, ' which may explain the unusual paucity of animal re­
mains contained in them, and (3) chemical precipitation as the 
main source of the material composing them.' " 

The chemical theory has had one of its greatest champions in 
Suess,82 who points out that in the Plattenkalk formation beds 
of dolomite, often containtng more than 40 per cent of MgCOa 

and of constant thickness and regUlar contacts, are interbedded 
with limestone, and maintains that the dolomite was deposited 
as such from the sea. The following statement is added in a 
footnote: 

"Mono. U . S. Geol. Survey, Vol. 12, 1886, p. 276 . 
" Zeltschr. Prakt. Geologie, 1898, p. 4. 
SlNew York State Museum, Bull. 52, 1901, p. 633. 
" The Face of the Earth, English translation, Vol. 2, 19Q6, p., 262. : ". 
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"Giimbel has always maintained this view; the dolomitic in­

tercalations in the Potsdam sandstone l the Waterlime of the 
upper Silurian of North America, the dolomitic beds of the 
upPer Devonian of Russia, those which represent the Zechstein 
in England and those in the German Keuper, all of them more 
or less littoral deposits, are ' so many examples of the direct 
deposition of dolomite." ' 

The chemical theory, however, has been elaborated most fully 
by Daly in two very suggestive papers. In the earlier pape'r33 
this writer points out that in pre-Cambrian time when the scaven­
ger system of the ocean was not yet developed, the seas must 
have been depleted i:r;t lime and magnesia due to the precipitating 
effect of (NH4 )2COa generated from decaying organisms on the 
sea bottom. "The magnesium carbonate should have been most 
abundantly thrown down in pre-Cambrian time ;. its precipitation 
must have been lessened through Paleozoic and Mesozoic time 
and has reached its minimum since the abyssess of the ocean be­
came abundantly tenanted with scavengers." 

In Daly's second paper34 this theory is developed still further'. 
A study of nearly 900 representative analyses of limestones dis­
tributed among all the geological periods ranging from the pre­
Cambrian to the recent showed that the ratio of calcium to mag­
nesium is fairly constant for all the pre-Devonian periods, but 
that the ratio rises abruptly in the Devonian and continues to 
rise to the Cretaceous, ' where the maximum is reached. (See 
Table I, page 259.) 

The average· Ca:Mg ratio for the pre-Devonian limestones 
(3.35 :1) is very close to the ratio of Ca to Mg in the rivers 
now draining the pre-Cambrian terranes as shown by analysis 
of the water of the Ottawa river at Qttawa. "This comparison 
of itself suggests that during the pre-Devonian time the river:­
borne magnesium and calcium were wholly preoipitated after 
diffusing to the sea bottom. In fact the correspondence must be .. 
regarded as giving powerful support to the hypothesis." It is 
suggested that t~e marked rise in the Ca :Mg ratio in Devonian 

"Am. Jour. ScI. 4th ser ., Vol. 23, 1907, p. 93 . ' 
"Bull. Geol. Soc. America, Vol. 20, l \lO9, p . 153. 
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and later time may be due to the development of the scavenging 
fishes, which would prevent organic decay and the consequent 
generation of (NH4 )2COa• 

To Daly the fine and monotonous grain of .the pre-Ordovician 
limestones and dolomites means that they are neither of clastic 
nor of organic origin. For example, microscopic examination · 
of samples of 7000 feet of pre-Cambrian strata exposed in the 
Forty-ninth Parallel section of the Rocky Mountian geosyncline 
showed that "the constituent particles are either idomorphic 
and roughly rhombohedral, or anhedral and faintly interlocking. 
The former are everywhere of nearly uniform average diameter, 
ranging from .01 millimeter to .03 millimeter with an average 
of about .02 millimeter. The anhedral grains range from .005 
millimeter to .03 millimeter, averaging about .015 millimeter. " 
The same uniform grain was found to prevail in the Archean 
dolomites at the head of Priest river, Idaho, in the Belt series 
of the Clarke Range and in the Siyeh and Sheppard siliceous 
limestones of Middle Cambrian age of Northwestern Montana. 
The fact that the average diameters of these carbonate granules 
are of the same order as the average diameter of calcite and 
dolomite crystals known to have been formed by chemical pre­
cipitation seems to him to be significant. 

The alternation of clean-cut beds of limestone with beds of 
magnesian limestone or dolomite, as illustrated by the pre-Cam­
brian formations ' of British Columbia and Montana, also seemed 

. to him to speak for the original deposition of the two carbonates 
as against later metamorphism. 

Following closely upon Daly came Linck85 as an advoca~e of 
the chemical precipitation theory. Basing his conclusions upon 
the conditions of his experimental production of dolomite, he 
also assumed that (NH4 )2CO. derived from the decay or manne 
organisms was a competent precipitating agent. 

The latest investigator to express himself favorably to the 
chemical hypothesis is Weigelin,36 who applies it to the dolomites 
a·ssociated with salt and gypsum in the Lower Keuper of West 

r~Monatsh . Deutsch . geol. Gesell., 1900, p. 230 . 
"'Neues J ahrb., Be.!l. Bd. 35, 1913, p . 628. 
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Wiirttemberg. The upward succession of dolomite, gypsum and 
salt here suggests to him that all the.se are the products of 
evaporating seas. 

B. The Organic Theory.-The opinion formerly prevailed 
in some quarters that organi1'1ms have played an important role 
in the ' production of dolomite, and recent work has tended to 
revive this view somewhat.-

Forchhammer37 showed by a series of analyses as early as 
1850 that the calcareous skeletons 'of some organisms contained 
considerable magnesia. In the Brachiopods he found the MgCO~ 

to be uniformly low, not exceeding one per cent, but I sis hip­
puris yielded 6.36 per cent; Corallium nobile 2.13 per cent; 
Serpula sp. from the M·editerranean 7.64 per cent; and Serpula 
triq'uetra f~om the North Sea 4.45 per cent. Upon the strength 
of these results this .writer concluded that such magnesia-secret­
ing organisms might build a dolomitic limestone directly. 

The chemical studies of Damour38 also led him to support 
this theory. Analysis of calcareous algae ("corals") by him 
showed a high MgC0 3 content in four out. of six specimens. He 
records a maximum of 16.99 per cent of this constituent in 
Amphiroa tribulus Lam., while Melobesia sp. nov. yielded 12.32 
per cent. Damour concludes, therefore, from the development 
such forms take on along the shore and on the sea bottom that 
deposits of magnesian limestone are being formed by them today 
and must have been form~d by them in the past. 

Ludwig anq Theobold83 have also emphasized the importance 
of algae in the deposition of limestone and dolomite. In the 
travertine of the mineral spring at Nauheim, in the .Wetterau, 
whi~h is deposited through the agency of algae, these writers 
found a magnesia content ranging . up to 11.69 per cent. They 
are led to venture the suggestion, then, that similar plants may . 
have played an' important role in the deposition of older ~ompact . 
limestones poor in organic remains, and perhaps also of much 
9,olomite. 

The observations of Doelter and Hoernes,4o who held that 
many weakly dolomitic limestones were deposited directly in 

87Jour. Prakt. Chemie, Vol. 49, 1850, p. 52. 
"Annales Chim. Phys., 3d ser ., Vol. 32, 1851, p. 862 . 
"Pogg. Annalen, Vol. 87, 1852, p. 91. . 

'"Jahrb. K .-k. geol. Relchsanstalt, Vol. 25, 1875. p. 29'J. 
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the sea through the activity of organisms, are also in 'accord with 
the organic theory. Much more recently Nichols41 has sought 
to demonstrate the importance of organisms in dolomite forma-

' tion. Thus, upon' analyzing a calcareous nodule taken from the 
Argus Bank of the Atlantic Ocean at a depth of 28 to 30 fathoms 
he found a much higher MgOOa content in the outer portion of 
the nodule than in its inner' portion, the percentages being 10.70 
and 4.98 respectively. This anomaly is accounted for on the 
assumption that "the more highly magnesian corals, serpulae 
and algae of which the nodule IS composed are in the central 
part diluted by the less magnesian gastropod materiaL It is 
probable that. the magnesium of the outer part is also somewhat 
increased by the re-solution of the skeletal material which is al­
ways taking place." Nichols then raises the question whether 
the more ancient organisms may not have secreted even more 
highly magnesian skeletons, thus: 

"If under present conditions corals, etc., secrete skeletons 
which may contain over ten per cent of magnesia, may they not, 
under Paleozoic conditions, when, as is usually conceded, the 
sea water was very different in composition and possibly far 
more corrosive than at present, have protected themselves by 
secreting relatively insoluble dolomite skeletons 1" 

As regards the origin of the nodules, it should' be pointed out 
that Phillipi42 dissent~ from th~ ' interpretation above given, 
holding that the higher magnesia content in their outer portion 
is rather to be accounted for upon the basis of recent dolomitiza­
tion by magnesia which has been introduced from the sea. 

Late investigations by Walhice43 have tended to lend wei.ght to 
this theory, since he believes that the occurrence of dolomitic 
fucoid-like markings in the Ordovician limestones of Manitoba is 
best accounted for on the assumption that algae bearing con­
siderable magnesia were , imbedded in the rock at the time it 
was deposited and that :this magnesia was influential in pro­
ducing local dolomitization of the limestone. 

C. The Clastic Theory.-That some dolomites may represent 
ordinary-mechanical sediments derived from the erosion of older 

"Field Columbian Museum, Geol. series, Vol. S, 1906, p. 40. 
''Neues Jahrb .. Festband, i907, Vol. I, p. 397. 
"Jour. Geol., Vol. 21, 1913, Il , " 02 ,: , ' , 
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dolomitic limestones, seems to have been conceived first by Les­
ley, in 1879,44 who suggested this mode of origin for an inter­
bedded series of limestones and dolomites of the" Calciferous, " 
exposed in the old Walton quarry, in the west bank of the Sus­
quehanna river, opposite Harrisburg, Pennsylvania. Here" a 
consecutive series of the beds, all conformable, and all dipping 
regularly a bout 30° to the southward afforded a good op­
portunity for collecting two sets of specimens for analysis, one 
at the. bottom and one at the top of the cut." In all 115 dis­
tinct beds with an aggregate thickness of 371 feet were careful­
ly measured and separately sampled both at the bottom and at 
the top of th~ opening. The analyses were then carried out' in 
the ' Survey laboratory at Harrisburg. On the whole, each bed 
in itself showed remarkable uniformity in composition ibut when 
compared with the associated layers, striking differences were 
noted. This is well illustrated by the accompanying table com­
piled from Lesley's report. 

TABLE III. 

NUlIfllER 
THICKNESS CACO, MG~O, INSOLUBLE 

OF BED 
F eet Inches Bottom I Top Bottom I Top Bottom I Top 

Per Per Per Per Per ' P er 
cent ceont cent cent cent cen 

46 ........ ... 3 6 97.2 90.6 1.7 . 7.6 0.7 1.8 
47 ... .. ..... . 0 10 63.4 68.2 '29.5 27.1 6.4 3.6 
48 · . . . .. ...... 0 5 94.3 95.3 1.9 2.2 3.5 2.2 
49 ...... . .... 0 2 57.8 66.2 33.2 26.9 8.0 5.7 
50 . ..... .... . 0 6 60.4 62.0 32.1 31.7 5.3 5.1 
51 ........... 1 11 92.6 95.7 3.2 2.9 3.0 1.7 
52 ........... 4 0 61.4 68.9 31.9 23.7 5.3 7.2 
53 .. . ........ 0 5 81.1 88.7 10.0 7.0 4.7 3.4 
54 .... . .. . .. . 5 2 98.2 97.9 1.3 1.2 1.2 0.7 
55 .... . ...... 0 11 79.8 79.5 10.8 13.4 8.6 6.9 
56 ........... 1 0 66.9 66.0 24.2 23.2 7.4 9.7 
57 ••••••••• 0, 1 10 91.6 91.0 2.4 2.3 5.9 6.8 
58 ... ...... .. 2 0 64.8 60.1 27.4 29.9 7.2 8.6 
59 . •.•..... o. 1 10 97.1 99.3 1.8 1.3 1.1 0.2 
60 ... .. ... ... 0 10 75.1 76.3 20.9 19.9 3.1 2.4 
61 .... ..... .. 2 4 89.3 95.1 1:5 1.8 8.9 2.1 

In a few instances, however, notable variations in the MgCOs 

content were found in the same layer. These are indicated in 
the table below. 

"Pa. Second Geol. Survey, Rept . M . M ., 1879, p. S11. 
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TABLE IV. 

NUlIfBER 
THICKNESS CACO" MGCO, INSOLUBLE 

OF BED 
F eet Inches Bottom I Top Bottom I 1'op Bottom \ Top 

Per P er Per P er Per Per 
cent coot cent cent cent cent 

14 .. ......... 12 8 95.85 83.70 2.40 11.85 1.80 3.40 
17 .. . .... . . . . 2 8 96.60 60.20 1.10 33.40 1.10 5.90 
68 ... ....... . 14 .10 85.1 96.00 10.40 2.30 3.20 1.90 

Some of Lesley's conclusions are quoted in full: 
Sometimes a bed of limestone only 5 or 6 inches thick crosses 

the exposure between two equally thin beds of dolomite, yet there 
is no appearance of gradation in the deposits, nor in their chem­
ical composition. The same percentages of carbonat,e of mag­
nesia are found at both extremities of the exposure. 

In a few cases there is a decided difference in the amount of 
magnesia at one or other end of the exposute; but whether this 
be due to some error in the investigation or to a radical change 
of composition along the bed which exhibits it, is not certain. 

There are thick masses of limestone strata with compara- ' 
tively thin magnesian layers in their midst; and vice versa, 
there is sometimes a considerable thickness of magnesian rock 
parted by thin layers of nearly pure limestone. 

There are a few layers of an intermediate species; but these 
are not numerous enough to destroy the remarkable and sudden 
contrasts of alternate· layers of limestone with 2 or 3 per cent 
of magnesia and layers with 25, 30, 35 or more per cent. In 
fact the extreme limits are often directly and repeatedly in con­
tact with each other. 

The largest percentage of silicate of alumina is almost in­
variably found in the high magnesian layers. 

The only generalization I can make from the above data is 
a negative one, namely: that no theory of percolation can ac­
count for the facts; that no theory of more rapid dissolution 
of carbonate of lime leaving a growing charge of magnesia be­
hind, will apply to rocks which are neither honeycombed or ,vi­
sibly porous, nor unusually cleft, nor otherwise disturbed; and 
that any theory to account for the presence of magnesia must 
treat the layers of both species as equally mechanical sedi­
ments; especially, seeing that the larger part of the insoluble 
matter resides in those which 'Contain most magnesia; while 
magnesIa is present in all of both kinds. 

18 



'274 -- , 
THE ORIGIN OF DOLOMITE 

Such a theory of origin i:;; ' favored also by Phillipi'G to ac­
count for certain impure dolomites associated with clastic sedi:. 
ments in the Muschelkalk of Germany. He believes that the 
material constituting these dolomites pro ba bly was derived from 

. the ,residuum of a limestone originally low in magnesia. This 
·vie,* has been adopted lately by Grabau46 also, who holds that 
the upper Silurianwaterlimes and certain dolomitic intercala­
tions in the Salina are clastic deposits derived from the erosio~ 
of older limestones. The same writer47 is of the opinion that 
certain inter stratifications of limestone and dolomite, likewise 
are explainable upon the basis of the clastic theory, remarking 
that the relationship is most satisfactorily -explained as a pri­
mary difference in the materials deposited, that both the lime- . 
stone and the dolomite are clastic but are derived from differ­
ent sources, or that the limestone is prganic and the dolomite 
clastic. 

II. Alteration Theories, ' 

A. The Marine Alteration Theory.-The theory that dolomite 
has had its origin in the alteration of limestone befqre it 
emerged from the sea has had manY' followers and probably is 
most widely held today, ·. Among the supporters of this v~ew 
there has been almost unanimous agreement that the sea-water 
contributed the magnesia, and the only exception to this is the 
view of Favre4R who, basing his suppositions upon the conditions 
of the -experimental production of dolomite by Marignac, con­
cluded that the dolomites of the Tyrol were formed in part at. 
least by the alteration of limestone at a temperature of 200· C., 
and · at a pressure of fifteen atmospheres, corresponding to a 
depth of 150 to 200 meters, by magnesium compounds furnished 
by the action of sulphurous and hydrochloric acids of volcanic 
origin on the lava of submarine melaphyr eruptions. 

The conception that the alteratIon ~ight be effected by the 
magnesia of sea w.ater w.as first suggested, py Dana49 in 1843~ 
to account for the ' dolomitic 'reef rock of the coral islands of the , 

"Frech' s L ethaea Geognostica, VOl. 2, 1908, p, 81 . 
"Bull. · Geol. Soc, America, Vol. 24, 1913, p, 399, 
"Principles of Stratigraphy, 1913, p. 760. . 
"Compt. Rend" Vol. 28, 1879, p. 3ll4. 
'.Am. Jour . Sci., Vol. 45, 1843, p, i2O, 
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Pacific. He hinted at this time that the rock might have been 
formed by the, introduction of magnesia through the mediuPl 
of heated sea water which possibly contained a larg~r supply 
of this element than usuaL Three years later50 in discussing 
the origin ' of a dolomitic ,coral limestone from the Island of 
Metia which contained 38.07 per cent of MgCOs , he says: 

"We cannot account for this supply of magnesia except by 
referring to the magnesian salts of the ' ocean. It is an instance 
of dolomitization during the consolidation of, the rock beneath 
sea wa.ter, and throws light upon this much vexed question." 

In 1872, the same writerS1 expressed the view that the same 
dolomite had been formed in sea water at ordinary tempera­
tures but perhaps in a contracting lagoon where magnesian and 
other salts were in a concentrated state. In the latest editio:p. 
of Dana's Manual52 this same idea is elaborated without modi­
fication, the opinion being held that the concentrated brines in 
the lagoon would contain MgCl2 and MgS'04 in, a state favorable 
to the ' formation of dolomite. He then goes on to say that "if 
this is the true theory of dolomite-making, then great shallow 
areas or basins of salt-pan character must have existed in past 
time over various parts of the continental area and have been 
a result of the oscillation of the water leveL ,Such magnesian 
limestones contain few fossils, partly because , of fine tritura­
tion, and partly, no doubt, because 'of the unusually briny con­
dition ot the waters. The frequent alternation of calcite and 
dolomite strata would indicate alternations between the clear 
water and salt-pan conditions." 

F. Pfaff5s likewise regarded the marine alteration theory 
as the most practicable for the origin of the dolomites of the 
French Jura. He pointed out that the relation of the limestone 
to dolomite in this formation and the great variation in the 
composition of the rock was such as to make Wagner's applica-' 
tion ,of the chemical theory to this rock untenable. He further 
,contended that the rock cou1d not have been produced by the 
action 'Df MgS04 or MgCl2 on limestone, since no trace of gyp- , 

"'Ain . Jour . Sci., 2d ' ser., Vol. 14, 1852, p. 82. 
"Corals and Coral Islands, 1872, p. 356. 
"'Manual of Geology, 4th ed., 1895, p. 134. 
" Pogg. Annalen, 1851, p. 465. 
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sum or of CaCl2 now appear as reaction products in the dolo­
mite. He, therefore" concluded that the most plausible agent of 
alteration was MgCOa,and that the- transformation must have 
taken place beneath the sea subsequent to the deposition of the 
limestone as evidenced by the ' decrease in the magnesia con­
tent downwards in the limestone and by the wavy boundary be­
tween the dolomite above and the limestone below in the Wisent 
Valley near Muggendorf. 

Sorby54 ,expressed himself in favor of the marine alteration 
theory in 1856, when he suggested that the formation of certain 
'dolomites was effected by the alteration of limestone through 
the agency of soluble magnesian salts of the sea water "under 
some peculiar conditions not yet clearly explained during the 
period when it became so far concentrated that rock salt was 
frequently deposited; and that the calcareous salt removed dur­
ing the change had, hy decomposition with the sulphates of the 
sea water, given rise to the accumulation of gypsum. In sup­
port of this is an important fact, that some very solid dolomite 
does even now still contain about one-fifth per cent of salts 
soluble in water, consisting of the chlorides of sodium, mag­
nesium, potassium and calcium and sulphate of lime, doubtless 
retained in the minute fluid 'Cavities, seen with the microscope 
to exist in great numbers. These, like those in most crystals 
formed from solution, must'have been produced at the same time 
as the dolorriite, and caught in some of the solution then pres­
ent, which is thus indicated to have been of a briny character. 

A process the very reverse of, that just described is now tak­
ing place by the action of dissolved gypsum, by which sulphate 
of magn,esia, frequently efflorescing on the surface of the rock, 
and carbonate of lime are produced, and this may perhaps 
in some cases explain why the upper beds of the Permian lime­
stone are now more calcareous than the lower." 

Similarly Von Richthofen55 adopted this theory, in i860, to 
explain the formation of the great dolomitic reef rocks of south­
ern Tyrol. He claimed that these dolomite masses represent 
dolomitized coral reefs formed during a period of subsidence 

"Rept. Brit . Assoc. Adv. Sci. . 1856. p. 77. 
"Cited by Skeats. Quart. Jour. . Geo!. Soc. London, Yol. 61. 1905., p. 97. 
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and that the St. Oassian marly and tufaceous deposits which 
flank the reefs represent the deposits of lagoons, bays and chan­

- nels of the coral sea. 
Mojsisovics/G in his classic ,memoir on the dolomite reefs of 

the same region, accepted a theory not essentially different 
from that of Von Richthofen. He held that the dolomite masses 
represent altered coral reefs possibTy formed in the same man­
ner as the recent one described by Dana, but doubted if the se~ 
which effected the alteration was concentrated in lagoons as 
postulated by that writer. 

- Hoppe-Seyler57 was also a champion of the marine altera­
tion theory. He believed that the magnesia for altering great 
limestone masses to dolomite could be furnished only by the 
sea. In like manner, Doelter and Hoernes58 supported this 
theory in their memoir on dolomite building, attributing the 
greater part of the dolomites more or less rich in magnesia to 
the action of magnesia of-sea water, especially the MgOI2, on 
limestone made up of the calcareous skeletons of organisms. 

F. W. Pfaff/o in 1894, basing his evidence upon the conditions . 
under which he prepared dolomite" artificially, concluded that 
the following chemical compounds are involved in the produc­
tion of dolomite and magnesite in nature: (1) OaOOa, (2) basic 
MgO<Ja, (3) H 2S, (4) NHs, and (5) NaOl. He believed that 
coral reefs might be altered to dolomite in the following man­
ner: H 2S derived from decaying organisms would react with 
OaOOa taken into solution from the reef -to form the hydrosul­
phide of calcium. (NH4 )200a, also resulting from putrefaction, 
would change a portion of the magnesium salts of the sea to 
basic MgOOa which with the H 2S would form the hydro sulphide 
of magnesium. By the action of 002 on tJ?e calcium and mag­
nesium hydrosulphides so formed there would be a tendency to 
form the double carbonate, especially under the concentrated 
conditions which might result from the drying up of the sea 
water during ebb movements. Through numerous repetition!:! 
of this process a dolomitic reef rock might in time result. 

"'Die Dolomitriffe von Slid Tirol, 1879, p_ 505. 
"Zeitschr . Deutsch geol. Gesell., Vol. 27, 1875, p. 495. 
osJahrb. K .-k . geol. Relchsanstalt, Vol. 25, 1875, p. 293 . 
•• Neues Jahrb., Beil. Bd. 9, 1894, p. 485. 
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Later experiments by this author60 led him to. modify this 
view, but he did not abandon it completely, still maintaining 
that it would apply frequently and that it was especially appli­
cable to the dolomite of the N eckar in Comstalt. In this new 
series of experiments Pfaff found that pressure must be re- . 
garded as an important factor in dolomite formation, since he 
obtained the best results in his artificial production of the min­
er,al at pressures ranging from forty to sixty atmospheres.. He 
concluded, therefore, that dolomitization must go on most ef­
fectively at a depth beneath the sea corresponding to this pres­
sure. Thus, ideal conditions for dolomitization should exist in 

,a sea like the Caspian, which attains a depth of from 180 to 1800 
meters and is more or less concentrated. Such conditions, ac­
cording to him, may have obtained when the dolomites of the 

. Keuper and Haupt were formed; and the dolomite which oc­
curs along with salt and gypsum in the Rauhwacke and Raibl~r 
strata might be explained in the same manner. 

The paucity Qf fossils in some dolomites is attributed by Pfaff 
to the' fact that the sea ,mwy have been in a concentrated state 
when they were deposited . • He, therefore, believes that dQlomiti­
zation takes place contemporaneously with deposition in some 

. cases and in support of this he cites analyses showing a high 
magnesia content in slimes dredged from a considerable depth 
in the modern seas. One of these, taken from Pourtales Plateau, 
off the coast of Florida at a depth of 150 to. 500 meters, bore 
12.39 per cent MgCOs and 47.11 per cent CaCOs, but also was 
high in x>hosphate of lime and in iron. The dolomite of the 
French Jura, however, he regards as having been formed by 
the alteration ' of Jjmestone subsequent to its deposition, agree- . 
ing in this particular with the elder Pfaff. A concentration of 
the.. sea water due to its being shut off from free intercourse with 
the , open ocean might bring about dolomitization . after lime­
stones were fo:oned. 

, The view that pressure induced by considerable depth is 
an important factor in dolomite formation, however, is not 
shared by Phillipi,61 who points out that dolomit~ is associated 

OONeues .Jahrh., Beil. Bd. 23, 1907, p. 529. 
"Neues .Jahrb., Festband, 1907, Vol. I, P. 3'n. 
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with sandy sediments in the Rot and Keuper and . that the pres­
ence of calcareous algae in the · dolomite of the Alpine Trias 
proves that this could not have been formed in a 'deep sea as 
urged by Pfaff, since algae seldom live below 80 fathoms and 
never so deep as 200 fathoms. Moreover, Phillipi cites evidence 
.of dolomitization at shallow depths and at ordinary concentra­
tion in the modern seas. For instance, he believes that the cal­
careous nodules described by Nichols from the Argus bank, of 
which one was found to contain 10.70 per cent of. MgC03 in its 
outer portion, furnish an example of recent dolomitization at a 
depth not greater than thirty fathoms. Moreover, certain lime­
stone lumps dredged from the Seine bank northeast of Madeira 
at a depth of about 150 meters were found to bear 11 to 18 per ' 
cent of MgC03. Microscopic study showed the presence of 
dolomite crystals in the lumps and every sta,ge of the alteration 
could be traced. In addition to the dolomite crystals scattered 
through the mass others appear lining cavities in the rock and 
these are believed to have been deposited chemically. The 
lumps evidently are not being formed today, because the or'­
ganisms imbedded in them are not the same as those now living 
on the Bank, and what is more, the~r outer surfaces show cor­
rosion effects. But Phillipi believes they were formed in shal­
low water at ordinary concentration and that they were brought 
to their present level by subsidence. 

The dolomites of the Aspen District of Colorado are best 
explained upon the basis of the .marine alteration theory, ac­
cording to Spurr,02 who expresses himself as' follows: 

"It is probable, therefore, that the Silurian dolomite of the 
Aspen district was originally deposited in quiet seas, and was 
built up from calcareous sediments; that these beds were sub­
sequently altered to dolomite by the magnesium salts of a great 
evapor'ating shallow inland sea, and that the alteration was 
accompanied by the production of the crystalline structure char­
acteristic of -the rock." The· same method of origin is ascribed 

. to the overlying dolomites of the Carboniferous which Emmon's 
had previously regarded as chemical deposits. ' , 

"Mono . u. S " Geol. Survey, Vol. 31, 1898, p . 1~: 

, 
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Calvin and Baino3 adopt an analogous explanation for the 
ori.gin of the Galena dolomite of the upper Mississippi Valley. 
On page 410 they state that "it looks as if dolomitization had 
affected the limestone .... after the formation was complete; 
that the process began at the top and progressed downwards; 
and that the depth to which the change descended was, in some 
instances .and to some extent at least, determined by the pres­
ence or absence of impervious beds of shale." O:q. page 441 
their views are elaborated much more fully, thus : 

"It has been said that probably the Galena limestone owes 
its dolomitic character to the fact that, toward the close of the 
interval r epresented by the formation named, the area now oc­
cupied by the lead-bearing limestone was an isolated, or part­
ly isolated, basin in which the sea waters were concentrated by 
evaporation. The City of Dubuque is located in what was the 
central part of this land-locked basin. In order that the con­
centration necessary to produce dolomitization of the limestones 
might be possible, it is a fair assumption that the interval was 
'one of arid climate, one in which loss by evaporation exceeded 
the volume of drainage water received by the basin from ad­
jacent lands." 

Van Hise,04 on the other hand, tends to minimize the im­
portance of dolomitization before the limestones emerge from 
the sea and emphasizes the importance of ground water as a 
dolomitizing .agent. Observe the following statement : 

While it is clear that dolomitization below the sea may local­
ly go far, the usual fads of observation correspond with the con­
clusion above given, that dolomitization below the sea is usual­
ly very partial, and that the Metia example is exceptional ... . . 
It is entirely possible that locally the Cambro-Silurian limestone 
was dolomitized more extensively below the sea than is the 
case, on the average, for the later limestone formations. In­
q.eed, it has been supposed that this has been deposited in a . 
mediterranean sea, and that the ·entire sea may have had to 
some extent the concentrated conditions at Metia described. by 
Dana. But it appears certain to me. even if the dolomitization 
was ' further advanced in the case of some of these formations 
while below the sea than can be paralleled by recent ext en-

·'Iowa Geol. Survey, Vol. x, 1899, pp. 410 and 441. 
"Mono . U . S . Geol. Survey, Vol. 47, 1904. p. &03. 
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sive formations, that they have subsequently been much further 
dolomitized and the magnesium extensively rearranged since 
the limestones emerged from the sea. . 

. Branner65 about this · time furnished evidence of recent dolo-. 
mitization through the a;gen~y of sea water in an old reef rock 
of the stone reefs of Brazil. This rock was found to bear 12.98 
per cent of MgOOs and the assumption was made that part of tI!e 
lime of the coral rock had been replaced by magnesium from 
sea water. The rock is still within reach of sea water, and 
dolomitization is believed by him to be still in progress. The 
structure of the rock disappears in proportion as the dolomitiza­
tion proceeds. 

Several examples of altered coral reefs have been described 
by Skeats66 from the southern Pacific. Dolomite occurs in 
several of the ·elevated coral islands there, but attains its 
greatest purity in Ohristmas Island, where it contains as much 
as' 43.3 per cent of MgOOa. This author holds that Dana's 
theory with ~ome modification probably applies here, and be~ 

lieves that the view that limestone is altered to dolomite at a 
considerable depth corresponding to a particular pressure is 
untenable. This is indicated by the fact that in several of the 
islands the highest rocks are dolomitized and the only move­
ment of which there is evidence since their formation m shal­
low water is one of elevation. He states that "it seems probable 
that the introduction of magnesia into the limestone does take 
place from the waters of the lagoon under cer"tain favorable 
conditions," but adds that "it is improbable that concentration 
to any marked extent can take place in lagoons unless they are 
entirely shut off from the sea." The 002 liberated by the 
decay of the animals and plant.s of the reef would help to dis­
solve OaOOs, which might then react with the MgS04 of sea 
water to give rise to dolomite, the more .soluble product OaS04 

remaining in solution. He concludes that since the extent to 
which the alteration proceeds must depend upon the duration 
of the ,exposure of the limestones to the conditions producing 
dolomitization, the occurrence of dolomite at several different 

""Bull. Mus. Compo Zoo!., Vol. 44, 1904, p. 264. 
"Bull. Mus. Comp o Zool., Vol. 42, 1903, p . 53. 
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hO'rizO'ns in an island might be accO'unted fO'r upO'n the basis 
O'f changes in the ratE:) O'f subsidence Dr elevatiO'n. 

In a very suggestive paper entitled "On the Ohemical and 
MineralO'gical Evidence as to' the Origin O'f the DO'IO'mites O'f 
SO'uthern TyrO'I' '67 the same writer elabO'rates his views still 
further. He emphasizes again that dO'IO'mitic cO'ral reefs cO'uld 
nO't have been fO'rmed at great depths, and pO'ints O'ut that dO'IO'­
mitizatiO'n O'f cO'ral reefs is nO't cO'nfined to'cO'ncentrated lagO'O'ns 
sin<le the O'uter parts of fringing reefs facing the O'pen O'cean 
are sO'metimes dO'IO'mitized. Thus, sO'me O'f the fringing reefs 
O'f the Fiji Islands are altered, and the raised fringing reefs 
alO'ng the cO'ast O'f the Red Sea are alsO' O'ccasiO'nally dO'lO'mitic. 
He believes, therefO're, that "the Bchlern ' dO'lO'mite O'riginated 
first as a limestO'ne, cO'mpDsed of Drganisms, in a SIDwly subsiding 
area. DDIO'mitizatiDn Df the limestDne in superpcial waters kept 
pace with the slow subsidence, SO' that the whDle thickness O'f 3,000 
feet Dr mDre Df rO'ck was cDntinuDusly and uninterruptedly CDn­
verted intO' dDIDmite quring the Triassic PeriDd." In cO'ndusiO'n 
Skeats lists the fO'IlDwing cDnditions as favDrable to' the fO'rma­
tiDn O'f dO'IDmite masses: 

(a) ShallDw water between 0 and 150 feet in depth and CDr­
respO'nding to' a pressure Df 1 to' 5 atmDspheres. 

(b) The presence O'f carbO'n-diO'xide in cDmparative abundance, 
causing the partial sO'lutiDn O'f the limestDnes and the pDssibility 
O'f chemical interchange with the magnesium salts in sea water. 

(c) PDrDsity O'f the limestO'nes, allDwing the percO'latiDn Df sea 
water thrO'ugh the mass O'f the rDcks. 

(d) Sufficiently SIDW subsidence Dr elevatiDn to' render the 
change frDm calcite to' dO'IO'mite cO'mplete . 

. , 

Other examples O'f dolO'mitizatiO'n believed to' have been ef­
fected by sea water have been described recently by DixO'n68 as 
O'ccurring in the OarbO'niferO'us limestO'nes O'f SO'uth Wales. In 
the Main limestO'ne member O'f the series he finds evidence O'f twO' 
distinct periO'ds O'f dO'IO'mitizatiO'n. The first O'f these affects cer­
tain hDrizO'ns O'f the Mumbles Head and LaminO'sa divisiO'ns O'ver 
wide areas anQ. is regarded as cO'ntempO'raneO'us, while the secDnd 

47Quart . .Jour. Geol. Soc. London, Vol. 61, 1905, p. 97 . , -
"The Geology of the South Wales Coal Fields, Part 8: Mem . ·Geol. Survey, England 

and Wales, 1907, p. 1S. 
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affected the limestone along fissures and' hence is subsequent. 
The con~emporaneous ' dolomitization produced extensive beds 
and pockets of dolomite and gave rise to a peculiar mottled rock , 
designated as pseudo-breccia. This alteration' is believed by 

I 

Dixon to have been inaugurated so shortlya,fter deposition that 
the magnesian salts were derived from the C,arboniferous sea 
itself. He indeed asserts that at one place the alteration must 

, have proceeded during the formation of the limestone. Thus, a 
conglomerate interbedded with the limestone at Pendine contains 
fragments of Carboniferous limestone which was dolomitized be­
fore it was incorporated in the conglomerate. This contempor­
aneous dolomitization is believed to have taken place in shallow 
seas since the limestones affected show evidence of shallow water 
deposition. The subsequent dolomitization is thought to have 
taken place much later through the agency of underground water. 

Peach and Horne69 are of the opinion that the Cambrian 
dolomites of the Northwest Highlands of Scotland were formed 

,by the dolomitization of calcareous sediments on the sea bed it­
, self; but they regard it as possible that there may have been also 
an enrichment of magnesia through the leaching out of the more 
soluble calcareous material of a slightly magnesian ooze, pos­
sibly made up of the secretions of unicellular plants of the plank­
ton. 

The marine alteration theory has been adopted , likewise by 
Salomon70 in recent years to explain certain nests and tongue­
like extensions of dolomite in the Ladinic limestones of the Alps. 
Similarly Walther71 recognizes that dolomites may be produced 
in this manner. Following Nadson, he suggests that the MgCOa 

which enters into the dolomite may be deposited through the in­
fluence of bacteria of the sea water standing in the pores of the 
rock. ' 

In favor of some method of 'alteration capable of operating 
over wide areas are the observations of Weller72 also, who, from 
a comparison of the faunas of the Galena and Niagaran dolo­
mites of the Upper Mississippi Valley with their non-dolomi~ 

"The Geological Structure of the Northwest Highlands of Scotland : Mem. Geol. 
Survey, Great Britain, 1907, p. 370, ft. ' , 

7OAbh. K.-k. geol. Relchsanstalt, Vol. 2.1, Part I, 1~, p. 4()8. 
71Geschichte der Erde und des Lebens, 1908, p . 90. 
72Bull. Geol. Soc. America, Vol. 22, 1911, p. m. 
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tized equivalents in other regions, concluded that they must have 
been deposited first as limestone and later metamorphosed. 

Blackwelder73 also advocates this method of origin for the 
Bighorn dolomite of Wyoming; but the low porosity of the dolo- . 
mite 1.31 per cent) and its sharp contact with the limestone in­
terbedded with it and underlying it leads him to favor the view 
that it was not formed by the substitution of magnesium for half 
the calcium in normal limestone, but that it has resulted from 
progressive alteration during deposition. Thus: 

The remaining fourth suggestion to be examined is that the 
material of the Bigh9rn dolomite was originally deposited in the 
form of lime carbonate growths, shells, or ooze, but was pro­
gressively altered to dolomite before actual lithification took 
place, in consequ<1nce of chemical reactions in the basal layer of 
the sea water in which deposition was proceeding. . . . If, 
as assumed, this process of converting lime carbonate into dolo­
mite during crystallization took place in the loose sediment lying 
undisturbed on the ocean floor, there seems to be no reason why 
it should have affected a layer more than a fe,w inches in depth 
at anyone time. If this view is correct, it helps to explain the 
alternation of dolomites and limestones in many formations and 
the fact that the beds underlying the Bighorn formation are pure 
limestone rather than dolomite. 

To this hypothesis of the dolomitizing of lime carbonate de­
posits in the course of t~eir deposition I find no positive objec­
tion, and as it apparently explains most of the observed facts, 
it seems to me the most promising of the suggestion~hich have 
made. 

In this particular, then, Blackwelder follows Daly,74 who be­
lieves that the magnesia content Of the pre-Devonian limestones 
is original and that "in many, if not all,cases the dolomite crys­
tals may have been formed af or near the surface· of the ancient 
calcareous muds by the interaction of the magnesium salts of sea­
water with the more easily precipitated calcium carbonate." 

As regards the conditions obtaining when the Bighorn dolo­
mite was formed, Blackwelder states that " experimental work 
has shown that ~rong solutions of magnesium salts are deleteri­
ous to the growth of animals and plants, but inasmuch as the · 

"Bull . Geol. Soc. America, Vol. 24, 1913, p . 607. 
"Bull. Geol. Soc. America, Vol. 20, 1909, p. 153 . 
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Bighorn sea evidently contained abundant living organisms­
many of them, like the corals, very delicately adjusted to their 
environment-it seems unlikely that the magnesium content could 
haye been more than two or three times as great as in the pres­
ent ocean." He believes that the deposits were laid down in a 
warm epicontinental sea less than 100 to 20() meters in depth. 

The late views of N ahnsen75 likewise are in line with the theory 
of the alteration of limestone beneath the sea. He describes a 
horizontal seam of dolomite with wavy boundaries in the Upper 
Jurassic limestone of North Germany, and concludes that the 
alteration probably took place beneath ' the sea before .the rock 
solidified, since solutions would not circulate freely after recrys­
tallization. 

B. The Ground Water .Alteration Theory.--That ground 
water is capable of accomplishing local dolomitization under 
favorable conditions there can be no doubt, and there has been a 
tendency on the part of some to believe that this method of 
alteration is of far-reaching significance. Most writers who 
have supported this view have emphasized the importance of the 
Mg003 of .ground water as the dolomitizing agent, but some have 
advocated that MgS04 was very effective. For instance 001-
legno, as early as 183476 pointed out the frequent association of 
gypsum and dolomite in the St. Gothard region and regarded 
these both as transformation products r esulting from the action 
of the MgS04 in surface water on limestone. For similar rea­
sons Haidinger77 advocated this method of origin, but since he 
found evidence that ' under ordinary conditions a solution of 
OaSO.! tends ,t.o convert dolomite into MgS04 and OaOOa he as­
sumed that the contrary change takes place at great depths and 
under considerable pressure . . In this view Haidinger was close~ 
ly followed 'by Morlot.78 

That dolomite might be formed by the partial replacement of 
calcite by magnesium carbonate was first pointed out by Haidin­
ger,79 who described a dolomite pseudomorph afte_r calcite and in-

"Neues J ahrb., Beil. Bd . 35, 1913, p . 271. 
"Bull. Soc. glool. France, Vol. 6, 1834, p. 106. . 
"Cited by Bischof, Elements of Chemical and Physical Geology, English transla-

tion, 1859, p. 158. . 
78Haidinger's Naturw., Abh. Vol. 1, 1847, p . 305. ' 
'"Trans. Roy. Soc. Edinburgh, 1827, p. 36. 
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timated that it had been formed in this manner. It remained for 
Beaumont,BO however, to put this theory into definite form. Rea­
soning on the basis that the replacement was molecular and that 
one out of every two .equivalents of CaCOs was replaced by 
MgCOs he calculated that the transformation of limestone to dolo­
mite should be accompanied by a decrease in volume' of the rock 
to the extent of 12.1 per cent. This, he believed, would explain' 
the cavernous character of the dolomites of the Tyrol. Actual 
porosity determinations of a sample of dolomite from the Alps 
by Morlot,Bl who obtained the value of 12.9 per cent, later seemed 
to confirm this prediction. 

SeowlerB2 also favored this view for the origin of the Carboni­
ferous dolomites of Ireland, believing that the alteration might 
readily be accounted for by the infiltration of water charged 
with MgCOs• He suggested that the magnesia was derived from 
an igneous or ancient Paleozoic rock, or from springs. 

In discussing the dolomite of the coral island of Metia J ack­
sonBS suggested that ascending spring water bearing MgCOa 

migh~ have effected the change. Likewise, HaussmannB4 believed 
that the dolomite of the Muschelkalk was produced by the action 
of MgCOs of ascending thermal , springs on limestone. 

N auck85 also cited au instance where he believed limestone had 
been transformed to dolomite by MgCOa, and BischofB6 pointed 
Olit that since dolomite pseudomorphs ma.y be formed by the ac- ' 
tion of MgCOa on calcite, the substitution might also be expected 
to take place in amorphous carbonate of lime or jncompact Hme­
stone. "Consequently dolomite would be produced whenever 
carbonate of lime in any state is brought into such conditions as 
are requisite for eonversion into double carbonate of lime and 
magneSIa. The essential conditions of this conversion are the 
permeation of carbonate of lime by water containing bicarbonate 
of ma.gnesia, which is one of the most common constituents of 
spring water." 

"Bull. Soc. g~ol. France, 1836, p. 174. 
81Compt. Rend., Vol. 26, 1848, p. Sl1. 
"Jour. Geol. Soc. Dublin, Vol. I, 1838, p. 382. 
"Am. Jour. Sci., Vol. 45, 1843, p. 140. 

-' "Neues Jahrb., 1854, p. 478. 
"Pogg. Annalen, Vol. 75, 1848, p. 129. 
"Elements of Chemical and Physical Geology, English translation, Vol. S, 1859, 

p. 166 . 



GROUND JY-A.TER ALTERATION THEORY 287 

It will be observed that most of the foregoing advocates of the 
ground 'water alteration theory attributed the source of the mag­
nesia to spring water. An entirely different idea, however, was 
entertained by Green87 who, in 1876, suggested that the MgCOa 

might be furnished by the decomposition of olivene sand incor­
porated in the limestone at the time it was formed. He refers 
to the fact that in the Hawaiian Islands olivene forms the main 
component of the sand of the seashore wherever the sea meets 
the lava and that fine olivene sand is frequently mixed with the 
coral sand and even impregnates the coral rock. He suggests 
that the silica of the olivene sand so imbedded in limestone might 
be removed in solution and the magnesia converted into Mg008 , 

which would then give ri!,?e to dolomitization. It is his belief 
that many magnesian limestones and dolomites as well as ser­
pentinous streaks in limestone may have been formed in' this 
manner. 

There always has been a tendency to regard dolomite veins in 
limestone as the product 'of the reactIon of the Mg003 of circu­
lating ground waters on limestone. For instance Schmidt88 ex­
pressed the view, in 1875, that the dqlomitized limestone asso­
ciated with the ,ores of the Joplin district was formed in this 
way. In like manner Michae189 attributes the dolomitization of 
the Muschelkalk along lines of disturbance at Tarnowitz, ·in 
southeastern Prussia, to the same cause. The dolomitization 
there appears to be closely bound up "with the mineralization 
phenomena, the sulphide ore deposits being limited to the dolo­
mitic areas. 

The local dolomitization effects in the Leadvme limestone of 
.the Aspen district of OoloradoDo also are attributed to the action 
of the magnesia of ground water by Spurr. The' limestone is 
dolomitized along f~mlts and fractures and" the local dolomitiza­
tion almost invariably accompanies the ore." No tangible evi­
dence as to the ,conditions under which these vein dolomites were 
formed could be obtained in the Aspen district, but at Glenwood 
Springs, ,Oolorado, only forty miles away, Spurr obtained some 

·'Jour. Roy. Geol. Soc. Ireland, 2d ser ., Vol. 4, Part S, 1876, p. 140' . 
• 'Trans. St. Louis Acad. Sc!., Vol. 3, No . 2, 1875, p. 246. 
"Zeitschr. Deutsch. geol. Gesell. Prot., Vol. 56, 19{)14, p. 127. 
"Mono. U. S. Geol. Survey, Vol. 31, 1898, p. 208 ft. 
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valuable data bearing on the problem. Thermal springs, attain­
ing a temperature of 120 0 F., rise through fissures in the same 
limestone formation here that exhibits local dolomitization ef­
fects at Aspen, and the analysis of samples of the limestone taken 
at intervals from the conduits of the springs outward showed a 
progressive, though in some cases almost an inappreciable, de­
crease in the ma,gnesia content. The conclusion was reached, 
therefore, that the local dolomitization a~ Aspen is probably due 
to the effects of hot springs which, rising along faults and frac­
tures, altered the li~estone to dolomite by means of the MgCOn 

and MgC12 they held in solution. 
By Van HiseOl the importance of dolomitization through the 

agency of ground water is strongly ,emphasized, and it would 
appear that he gives this method of dolomite formation preced­
ence over dolomitization beneath the sea. 

Local dolomitization phenomena. along fissures in the Carbon­
iferous limestone of South Wales is attributed to the action of 
ground water by DixonD2

, who states that water percolating down­
wards from the surface effected the change. WichmannD3 like­
wise · has described local dolomitizatiqn effects in the Koral­
lenoolith (Jura) which he ascribes to the action of ground water 
bearing MgCOa• 

The latest word expressed upon the efficiency of .ground water 
in producing dolomitization is that of SteidtmannD\ who regards 
this method of dolomite building as capable of operating only 
locally. 

·0. The Pne1,~1natolyfic Alteration Theory.-The pneumat­
olytic theory of the origin of dolomite was introduced in 1779, 
by Arduino,D5 to whom we are indebted for the first attempt to 
explain the formation of the rock. Dolomite had not been ful-
ly differentiated from limestone at that time, but Arduino men­
tions a magnesian limestone which from its association with . 
rocks of volcanic origin he believed t.o . have been formed by 
the alteration of ordinary limestone during volcanic activity. 

"'Mono. U. S. Geol. Survey, Vol. 47, 1904, p. 804 ff . 
• 'Geology of the South Wales Coal Fields, Part 8: Mem. Geol. Survey, England and 

Wales, 1907, p. 13. 
" Zeltschr. Deutsch. geol. Gesell., Vol. 61, 1909, p. 392 . 
"Jour. Geol., Vol. 19, 1911, p. 328. 
"Cited by Morlot, Haidinger's Naturw. Abh., Vol. 1, 1847, p. 305. 

• 
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Heim96 also entertained similar views as to the origin of the 
rock, but it remained for Von Buch97 to develop the theory 
and put it in definite form in the early twenties of the last 
century. In his . studies in the Tyrol he observed that the ' 
dolomite was vesicular; that the bedding planes and the fossils ' 
were obliterated and that a brecciated, fissured and crystal­
line structure had been taken on. He, therefore, concluded that 
this could represent no original deposit from the sea, but that 
it must have been deposited at first as limestone and -subse­
quently altered. This alteration, he believed, was accomplished 
by volcanic vapors bearing magnesia, which were given off by 
the intrusions of. augite porphyry which there penetrate the , 
rock. This' view, however, was not shared by Wissmannos nor 
by Fournet,99 who were unable to find any constant association 
of the dolomite with the intrusives. 

In 1843, Klipstei.n1oo adopted the pneumatolytic theory to 
explain the veinlike deposits and irregular masses of dolomite 
in the transition limestone of the Lahn district, holding that 
ascending magnesian vapors had effected the transformation, 
although he was not able to find fissures extending downwards 
from the dolomite in all cases. Likewise Coquand101 believed 
that dolomHes associated with igneous intrusions were of 
pneumatolytic origin, and in support of his contention he fur­
nishes quite convincing evidence. Thus, at Hougiers, in the 
province of Var, in France, samples of the limestone associated ' 
with basalt intrusions showed a progressive decrease in the 

. magnesia content from limestone imbedded in the basalt, ~hich 
contained 39.6 per cent of MgCOs, to limestone two meters away 
which bore only 9.5 per cent. The unaltered limestone not as­
sociated with igneous rocks showed no trace 'of magnesia. The 
force of this argument, however, has been weakened by the ob­
. servations of Bischof/o2 who held that this phenomenon might , 

"Cited by Zirkel, Lehrbuch der Petrographie, 2d ed., Vol. S, 1894, p. 505. 
"Cited by Morlot, Haidingers Naturw. Abh. , Vol. 1, 1847, p. 305. 
·'Cited by Bischof, Elements of Chemical and Physical Geology, English, transla-

tion, Vol. S, 1859, p. 200. ' 
"Bull. Soc. g~ol. France, 2d ser., Vol. 6, 1849, p. 502. . 
'''Cited by Bischof, Elements of Chemical and Physical Geology, English transla-

tion, Vol. S, 1859, p. 187. . . 
101Bull. Soc. g~ol. France, Vol. 12, 1841, p. 314. 
'·'Elements of Chemical and Physical Geology, English translation, Vol. 3, 1859. 

p. 179. 
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be due ' to the local alteration ' of the limestone oy MgCOs 

liberated by the decomposition of the basalt. 
Karsten103 also fa\Tored the voicanic theory as elaborated by 

Von Buch, and Frapolli104 similarly has gone on record in 
favor of thIs 'view, holding that the dolomites were formed 
through the agency of volcanic emanations either while depo­
sition was ' going on beneath the sea or after the ' rock was de­
posited. .Quite the same opinion was held by Durocher105 who, 
basing his supposition upon the conditions of his experimental 
production of dolomite, believed that vaporous MgCl2 emanat­
ing from the interior of the earth had metamorphosed lime­
stone to dolomite. . 

The latest writer to express himself on this theory is Linck/o6 

who states that dolomite might be formed under favorable 
conditions by pneumatolytic action. 

m. Leaching Theories. 

It has been long known that when a magnesian limestone 
is subjected to solvent action the lime is taken into solution 
much more rapidly than ,.the magnesia, thus giving riSB to 3; 
concentration of the latter constituent, and many geologists ' 
have held that by the continued leaching of a limestone ori­
ginally low in magnesia, either at the surface or beneath the 
sea, a dolomite might in time result. . 

A. Surface Leaching Theory.-The view that dolomite might 
result from surface leaching seems to have been first suggested 
by Apjohnl07 in 1838, who stated that the CaCOs might be re­
moved from limestones containing some magnesia by the solv­
ent action of carbonated waters, and that some dolomites might 
have been produced in this manner. Grandjean10S subsequently 
was led to adopt the same explanation, in 1844, to account for I 

the dolomites of the lower Lahn district, and pointed 'out tp.at 
the dolomit,e is developed to its greatest extent near fissures 
and cracks in ' the limestone where water has had easy access . 

. '''Archiv. Min ., Vol. 22, 1848, p. 545. 
'"'Bull. Soc. g4!ol. France, Vol. 4, 1847, p. 832. 
lOOCompt. Rend., Vol. 33, 1851, p. 64. 
106Doelter's Handbuch der Mineralchemle, Vol. I, 1912, p. 134. 

, l07Jour. Geol. Soc. Dublin, Vol. 1, 1838, p. 368. 
"'BClted by Bischof, Elements of Chemical and Physical Geology. English translation, 

Vol. S, 1859, p. 193 . . 
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The .same view was accepted by ' Sandberger109 the following 
year. for the dolomites of the same district. . 

In support · of this theory also are the observations of Bis-
6hof,l10 who showed by. experiment that carbonated waters do 
not dissolve out pf magnesian limestone more than a mere 
trace of magnesia and concluded that dolomite would ultimate­
ly be formed either by the action of surface water, or of sea 
water on limestone. He remarks that '.'it may be conjectured 
that the dolomite containing calc-spar druses is stm in course 
of formation, while in that containing bitter-spar druses the 
conversion is complete" and sums ~p with the following state­
ment: 

Considering all the circumst'ances, it appears probable that 
limestone containing little or no silicates, but rich in magnesia, 
may be converted . into dolomite on the spot, by extraction of 
the excess of calcium carbonate. 

Hardmanlll also regarded this as the plausible theory of 
dolomite .. formation, and he sought by its employment to ex­
plain the method of origin of the Carboniferous dolomites of 
Ireland. He . actually proved experimentally that the magnesia 
of these limestones became more concentrated when they were 
subjected to the action of carbonated waters and showed by 
analysis that the stalactite and stalagmite deposits of caves 
in the magnesian limestone were extremely low in magnesia. 
These features, together with the porous character of the dolo­
mite, seemed 10 him to speak forcibly for the leaching ~y­
pothesis. 

In still later times Hall and Sardesonl12 favored this theory 
in their discussion of the origin of "The Magnesian Series 
of the Northwestern States." Thus: 

The flow of waters from the dolomitic beds, with their load 
of calcium carbonate, can in time produce but one result, and 
that is to bring into more equal proportions the quantity of 
calcium and magnesium carbonates. The disappearance of 
over 80 per cent more of the 'former than of the latter, wEich 

'''Neues Jahrb ., 1845, p. 577. . 
l1°Elements of Chemical and Physical Geology, English translation, Vol. S, 1859, 

p. 195. . . 
111Proc,.. Roy. Irish Acad., 2d ser., Vol. 2, (Science), 1875-77, p. 705. 

. l1'Bull. Geol. Soc. America, Vol. 6, 1895, p. 167. 
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occurs if the original rock of these beds had the composition of 
average modern marine deposits, must result in the reJ;Iloval 
pf at least eight times , as much of that material as remains be­
hind. Under such 'an assumption every 100 feet of the present 
thickness of the Oneo.ta and Shakopee would represent an orig­
inal thickness of 1,000 feet, more or less, an extent much nearer 
in acco,rd with what seems necessary in sedimentary accumula­
tions to conform .to the profound faunal changes and crustal 
movements so conclusively proved by the paleontologic and struc-
tural conditions of the rocks. ' 

Phillipi,113 in like manner, brought ' the leaching theory to 
bear, in 1899, to account for the Conchodon dolomite of the 
southern Alps. He points' out that in the heights where the 
rock is subjected only to the action of water poor in 002 it 
is but little if at all dolomitized, but iIi situations where the 
:'water can take up CO2 and humus acids, leaching andrecrystal­
lization have take:r;t place. By him humus acids are ' regarded 
,as the most powerful agents in transforming a weakly dolo­
mitic limestone to dolomite. 

B. The Marine Leaching Theory.-That marine leaching of 
calcareous deposits low in magnesia might give rise to dolomite 

. \vas suggested by Bischof in 1859,114 but he made no attempt to 
~laborate the idea. Eleven years later Giimbel,l15 in making a 
study of certain deep sea oozes, found one taken from a depth 
of 2,350, fathoms in the Atlantic which yielded upon analysis 
1.44 per Gent of magnesia. This magnesia content ' is accounted , 
for upon the basis of the solution of a portion of the original 
calcareous material, and it is suggested that by the same meth­
od dolomitic rocks and marly intercalations might be formed. 

The marine leaching theory, however, has been most fully 
:developed by Hogbom. l16 This writer regards marine leaching 
as far more important than surface leaching, since the latter 
!can operate only on ' that portion of the ' limestone exposed. 
,The results of 'a leaching experiment on a marl demonstrated 
,the plausibility of this process, and the following table of analy­
:ses of deep sea deposits taken from the Challenger report 
'also seemed to lend support to this view. 
, 118Neues .Jahrb., il899, Vol. 1, p. 32. , . .. . 

u<Elements of Chemical and Physical Geology, EngIlsh translation, Vol. 3, 1859, ' 
11lSNeues Jahrb., 1870, p. ,753. 

p. 195. 
u8Neues. Jahrb., Vol. I, 1894, p. 262. 
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TABLE V. 
. .... 

CaCO, PARTS OF MgCO. NUMBER OF CaCO. RANGE MgCO. TO 100 PARTS OF AVERAGE CaCOa 
ANALYSES 

80-100 86:7 0.7 0.8 8 
60-80 68.3 1.4 2.0 8 
40-60 52.0 1.2 2.4 8 
20-40 32.0 0.9 3.0 3 

. 10-20 16.2 1.6 10.0 4 
5~10 6.1 0.7 11.5 1 
3-5 3.7 1.6 43.0 7 
1-3 2.0 2.1 . 105.0 9 

The most convincing argument of all, however, was found 
by Hogbom in the marine Quaternary marls of Sweden. These 
marls, which are believed 'to have been transported from a 
Silurian argillaceous rock, by .glacial waters, become progres­
sively weaker in CaCOs and richer in MgCOs the farther south-· 
ward one goes from the parent rock, as shown by analyses made 
by the Geological Survey. (See Table VI.) 

TABLE VI. 

PARTS OF NUMBER 
SECTION CaCO. MgCO. MgCO. TO OF 100 PARTS 

OF CaCO. ANALESES 

Leufsta • • • 0 •• 0 •••••••••• 0. 32.0 1.2 3.7 14 
Orbyhus •• 0 •••• ' " ••• • •••• 0 23.0 1.4 6.1 6 
Salsta .0 •• 0 . 0 ••• 0 • •••••••• 21.7 1.5 6.9 10 
Upsala .0 . ............... , 17.8 1.3 7.2 8 
Sigtuna • • 0 • •••••• ••• 0 ••• 0. 11.4 0.8 7.0 29 
Fano .............. .. .... .. . 11.9 1.9 16.0 9 
SOdeI'telje ... . ... ... , .... . 7.6 2.8 37.0 9 
Horningsholm ... ..... ... . 3.3 1.2 36.0 17 . 

This relationship is explaIned by the fact that the longer the 
glacial mud was in suspension and the farther it was carried 
from the source, the more the Ca COs was leached out and the 
MgOOs enriched because of its greater insolubility. 

Hog-born also furnishes evidence of enrichment of magnesia 
. by marine leaching in the coral reefs of Bermuda. An~yses 

. of the reef-building' corals and other organisms showed a uni­
forlI!-ly low magnesia content, but the lagoon muds which must 
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have been derived frointhe organisms of the reef were found 
to' be much, richer in this constituent, one sample yielding 4.04 
per "cent Qf MgCOa~ Likewise the magp.esj.a content was found 
to increase with the degree o'f fineness and duration of suspen­
sion. Thereupon it is suggested that if the detritus should re­
main ' in suspensio,n long enough it would m;ldergo thorough 
leaching and 'a true dolomItic sediment might r~sult. The opin­
ion is then ventured that : many dolomites ' of older formations 
played an important part in the bllilding of the Alpine dolo-
mites'. , , ' ; , 

Judd1l1 is of the opinibn: that the dolomitic rock disclosed 
by the boring at Funafuti was formed, in part at IBast, by 
marine leaching. The conditions represented there are -sum-
marized briefly as follows: ' 

,As has be'en already pointed out, the proportion of MgCOs 
rises in the first 50 feet of descent in all the borings, from 
the normal 1 to 5 per cent, up to a maximum of nearly 16 per 
cent which is attained at a depth of about 25 feet, and then 
declines again to what may be considered the normal amount, 
1 to 5 per cent. At 637 feet the percentage of MgCO:; again 
rises from the normal and by 660 feet has reached nearly 40 
per cent. This proportion, with some small exceptions, is 
maintained to the bottom of the bore hole at 1,114 feet. 

Cullis,118' who ~ade a mineralogical study of the core, statBs 
that above the 637 f09t level the rock consists of aragonite and 
calcite without individualized dolomite. But from this depth 
,to the bottom of the hole the rock is made'JlP of calcite and 
individualized dolomite. i 

In reviewing the evide"nce ~n favor of marine leaching, Judd 
refers to the analyses of Lithothamnium by Hogbom, which 
,showed a maximum of 14 per cent of MgCOa and regards it as 
probable that this abnormal magnesia content is due to leach­
ing, since the material originally secreted by these organisms 
probably did not contain more than one per cent of MgCOs• 

He 'concludes that "it seems not improbable that the enrich­
,ment of the rock in MgCOs Up' to 16 per cent in the upper 
part ,of the cores may be entirely due to ' the, leaching out of 

1l7The Atoll of Funafuti, 1904, p , 362, 
l"'Idem , , p. 898, fr . 
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the CaC03." All of the MgC03 of the rock to a depth of 637 feet, 
then, according to him, probably is to be ascribed to leach- . 
ing,and the variatio:p. in the magnesia content at different 
levels is due to the varying: proportions of organisms which 
differ in their susceptibility to the leaching out process. Judd 
then suggests that a rock so enriched in magnesia by leaching 
might exercise an attractive action on the :r;nagnesium salts of 
the sea water. He evidently would 'imply that this might ac­
count for the more highly dolomitic rock in the lower part of 
the boring, but he does not express' himself clearly on this 
point. . 

This view, however, is not esteemed highly by Skeats,119 who, 
in . reference to Judd's conclusions, remarks as follows: 

The process of differential solution is one which no doubt 
coral-limestones undergo. to a greater or smaller extent, and 
it is probably the correct explanation of the origin \of the. 
all but structureless limestones containing magnesium-carbonate 
in sufficient amount for the production of dolomite-crystals. 
Very' extensive solution and removal of calcium-carbonate is 
needed, however, before' the percentage of magnesium-carbonate 
in the residual . rock is appreciably raised. Assuming the orig­
inal limestone to contain 1 per cent of magnesium-carbonate, 
an amount 'which is probably near the superior limit ' for the 
fresh organisms . composing the rock, and further, assuming 
that only the calcium-carbionate is dissolved, by Ciarbonated 
water 80 per cent of the original rock must be removed by solu­
tion before the magnesium-carbonate in the remainder reaches 
5 per cent, 90 per cent must be dissolved before the magnesium­
carbonate reaches 10 per cent, and over 93 per cent before the 
magnesium~carbonate reaches 16 per cent. So extensive a re­
moval o,f the. original substance of the rock would largely . de­
stroy the structure of the organisms that it contained. In the 
case of the limestones from ' Christmas Island, Niue, and else­
where, examined by me, in which .magnesium-carbonate was pres-: 

.. tint in the rock in amounts up to 11 per cent, the structure of the. 
contained organisms was in general wonderfully preserved;. 
and not only was tliere no eVidence of solution in the rock, but 
on. the contrary :secondary calcite and secondary aragonite were' 
deposited' 'upon: the organisms to a considerable .extent. I was 
i;r:l- consequ:~nce, £orced to the conclusion that in these limestoues 

n'Neues Jahrb " Vol. 1, 1894, p. 262. 
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the magnesium-carbonate was" introduced 'into the ro~k from 
the sea-water, resulting in the partial- replacement of calcium­
by magnesium-carbonate. 

Peach and Horne12o are favorable to the idea that marine 
leaching may account in part for the Cambrian dolomites of the 
Northwest Highlands of Scotland, suggesting that unicellular 
plants which secreted lime may have existed in the plankton 
as in the sea today and that the small magnesia content of these 
may have been concentrated by the abstraction of the more 
soluble CaCOs.They "believe, however, that some ~eplacement 
has taken place also. . " 

Murray and Hjort121 also concur that the ,explanation of en­
richment$ of magnesia in deep sea deposits is to be sought in 
preferential dissolution of the lime. To them enrichment of 
the magnesia by reaction with sea water does "not seemplausi­
ble, since this would require that the waters be concentrated " 
with MgCOs• 

EXPERIMENTAL E'VIDENCE. 

As regards the e~perimental evidence of the origin of dolo­
mite, it may be safely said ,that the present datl;L are very un­
satisfactory and of little value in interpreting the conditions 

" under which this rock is formed in nature. Dolomite has been 
prepared repeatedly at high temperature and at high pressure, 
and at both high temperature and high pressure, but in only 
r,are instances has it been prepared artificially at ordinary tem­
perature and pressure, and then only in minute amounts and ' 
for the most part under conditions which doubtfully obtain in 
nature, at least on a large scale. 

I. Evidence Bearing on the Primary Deposition Theories. 

The experimental ,evidence bearing on the pri!llary deposi- " 
t,ion of dolomite is, from the nature of the case, applicable only; 
to the theory of. chemical precipitation. The experiments bear­
ing on this theory are for convenience classified as follows: 
(1) those performed at ordinary temperature and ordinary pres­
sure; (2) those performed at elevated temperature but at ordi-

120The Geological Structure of the Northwest Highlands of Scotland; Mem. Geol. 
Survey, Great Britain, 1907, p. 870. 

l2lThe Depths of the Ocean, 1912, p . 180, fl . 

.. 
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nary pressur,e; and (3) those. performed at ordinary tempera­
ture but. at elevated pressure. These will be discussed in their 

, regular order. 
Experiments at Ordinary Temperatures and · Pressures.­

All attempts to produce dolomite directly under ordinary , con­
ditions have failed, but evidence of the possible production of 

, dolomite under these conditions in nature has been o~served in 
several instances. Thus, Moitesser122 found small rhombohedral 
crystals which had the composition of dolomite, in a badly 
closed flask of mineral water from a' French spring. Similar­
ly, Terreil123 reported that rhombohedral crystals of carbonate 
of calcium and carbonate of magnesium were deposited upon the 
walls of sealed tubes which contained samples of mineral water 
.from the region of the Dead Sea. He does not distinctly state 
that the double carbonate was present, but remarks that ·this 
discovery may have an important bearing on the origin of 1fu.e 

. dolomites of that region. 
Certain travertine 'deposits also are said to be rich in MgCOs.' 

F. W. Clarke124 states th.at "according to J. Giradin, the traver­
tine formed by the mineral spring of Allyne, near Clermont, 
in France, is rich in magnesium carbonate. In recent traver­
tine he found 28;80 per cent of MgCOs with 24.40 of CaC03 , 

and in old travertine the proportions were 26.86 and 40.22 re­
spectively. Whether this represents a dolomite or a mixture of 
the carbonates was not determined." 

J. F. Johnson125 has likewise described a dolomitic spring 
deposit on the north bank of the river Tees in England, and 
believes this occurrence has a direct bearing on the origin of 
dolomites in general. Gorup-Besanez, however,126 states that 
the springs which issue from the dolomites of the Jura deposit 
upon evaporation the mix'ed carbonates of calcium and magne­
sium although they are present in essentially the same propor­
tions as in normal dolomite. Bischof121 has this to say regard­
ing the magnesia content of spring deposits: 

122Jahresber. Chemie, 1866, p. 178. ' 
""Cited by Lartet, Bull. Soc. g~ol. France, 2d ser., Vol. 23, 1866, po' 750. 
WBul!. U. S. Geo!. Survey, No. 491, p. 536 . 
""Liebig and Kopp, Jahresber., 1853, p. 927. . 
''''Quoted ' by 'F. W. Clarke, Bull. U. S. Geo!. Survey No. 491, p. 536 . 
121Elements of Chemical and Physical Geology, English translation, Vol. 3, 1859, 

p. 167. . , 
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Water extracts frQm a mixture Qf carbQnates Qf lime and 
magnesia twenty-eight times as much carbQnate Qf magnesia as 
carbQnate Qf lime; cQnsequently, when water cQntaining abQut 
equal quantities Qf these carbQnates, evaporates so. far that the 
separatiQn Qf carbQn'ate Qf lime CQmmences, the depQsitiQn Qf 
carbQnate Qf magnesia cannQt take place until the water has 
evapQrated to. such an extent that there remains Qnly 1-28 Qf 
the water present when the depQsitiQn Qf lime cQmmenced. When 
the amQllnt Qf carbQnate Qf wagnesia is less than that Qf the 
carbQnate Qf lime, it is evident that the evapQratiQn must ex­
tend : still further 'befQre the' .depQsitiQn Qf carbQnate Qf mag­
nesia can CQmmence. Then' since it generally happens that 
spring water cQntains less' 'c'atbQnate Qf magnesia than car­
bQnate Qf lime, it is clear 'that 'by the evapQratiQn Qf this water 
the greater part Qf the carbQnate of lime will be depQsited with­
Qut any trace Qf carbQnate Qf magnesia being mixed with it. 

, When the water Qf a spring dQes nQt evapQrate cQmpletely, but 
if sQmewhat less than 27-28 is evapQrated, carbQnate Qf lime 
alQne' will be depQsited, and the whQle Qf the carbQnate Qf mag­
nesia may be retained in sQlutiQn. If at the same time the de-· 
PQsits .frQm such spring water cQntain traces Qf magnesia, its 
depQsitiQn must be attributed to. the tendency tQwards the prQ­
ductiQn Qf a dQuble salt with carbQnate Qf lime. This may, per­
haps, be the case with the dQIQmite marl, shelly limestQne, and 
mixtures Qf limestQne and dQIQmite examined by Karsten. The 
cQmpQsitiQn Qf the depQsits frQm the waterQf springs shQws, 
mQreQver, that true dQIQmite, Qr the cQmpQund Qf carbQnates 
Qf lime and magnesia in equal equivalents, is never depQsited 
frQm water. . 

As abQve stated, all attempts to. prQduce dQIQmite artificially 
as a direct precipitate under Qrdinary cQnditiQns have been 
unsuccessfuL Scheerer128 failed to. Qbtain it by mixing SQlu­
tiQns Qf CaCOs and MgCOs tQgether in different prQPQrtiQns 
and evapQrating at Qrdinary temperatures. The two. carbQnates 
were thrQwn dQwn separately as characteristic rhQmbQhedrQns 
Qf calcite and prisms Qf hydrQus magnesium carbQnate. Simi- ' 
lar results were Qbtained by GQrup-Besanez and later by HQPpe­
Seyler129 when they allQwed a carbQnic acid sQlutiQn Qf the two. 
carbQnates to. evapQrate slQwly. Leitmeier30 has repeated this 
experiment recently, evapQrating the sQlutiQns at' temperatures 
Qf frQm 100 to. :1.00 0

, but his results also. were neg~tive. 
, USNEmes J'ahrb., 1866, p. 1. 

" "Quoted by F. W. Pfaff, N eues Jahrb, Beil. Bd. 23, ]907. p. 555. 
,.oDoelter's Handbuch der Mineralchemie, Vol. I , 1912, p. 395. 

, 
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The experiments of the writer along this line likewise have 
been unsuccessful. Separate solutions of the biCarbonates of 
calcium and magnesium after being standardized were mixed in 
molecular equivalent proportions so as to ,give ,the same ratio 
of CaOOs to MgC03 as exists in normal dolomite. The solution 
Iwas then allowed to ev~porate spontaneously during a period 
of one month. It was noted that the carbonates came down 
'separately with the CaCOs much in advance of the MgC03 which 
was deposited in the hydrous .form (MgCOs.3ItO). Negative 
results still were obtained wh'en a solution prepared as abo've 
was inoculated with a crystal of dolomite and allowed to evapo­
rate. The crystal did not grow and no dolomite could be found 
in the residue. Nor could the double carbonate be prepared by 
evaporating spontaneously a solution of the two carbonates ob­
tained by the action of carbonated waters on normal dolomite, 
even when a dolomite crystal w~s 'introduced and a cqncentrated 
solution of NaC! and magnesiu;m salts was intr.?~uced. 

The experiments of Murray and Irvine1 31 on the power of 
(NH4 LCOs furnished by decomposing organic matter to precipi­
tate Ca'C03 and MgC03 from sea water are interesting in this 
connection. In general these show that CaCOs may be deposited 
in large amount through this agenoy, but that little M,gCOs ~ is 
precipitated, thus: 

Nine small crabs weighing in all 11 ounces were placed, in a 
shallow glass vessel containing 2 litres of ordinary sea water 
and were fed ' on mussel' flesh. The water was never removed 
nor aerated, the effete matters passing into it. At the end of 
fourteen days all the crabs had died and were removed. The 
wafer being then in a putrid condition, it was set aside for about 
three weeks at a temperature ranging from 70· to 80· Fahr . 

. All the conditions of the last two experiments were observed 
and it was found that crystals , of carbonate of ,lime had been 
thrown down in amount practically equivalent to all the calcium 
present in the sea water employed. ' 

Similar results were obtained when the effect of urine on sea 
water was tried. .Alter the, mixture l;1ad stood for Seven days 
at temperatures ranging from' 60° to 80° , F .. the precipitate 
thrown out had the following composition: ' ... 

" ' , ' . . , "," ..... : . 
=Proc. Roy: Soc. Edinburgh, Vol. 17, 1889, p. 79. ' " , : ,,,,.: ," 
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Per cent 
Water and organic matter containing ammonia, 7.38 grains ...... . . ... .. 31.81 
Carbonate of lime . . ........................... .. ... .. ..... .. .. . .. . ... 4.85 
Phosphate of magnesia and ammonia . .. .......... . ..... . ...... . . .. . . .. .. 51.10 
Phosphate of lime ........ .. .............. . ... . ..... . ... . . . . .. .. . .. . .. 12.24 

100.00 

'Upon allowing the filtrate from the above experiment to stand 
ten days more under the same ' conditions, practically all the 
soluble calcium salts in the sea water were precipitated. The 
composition of the precipitate was: 

Per cent 
Water and organic matter ~ .............. . .... . .............. . ..... ... 20.25 
Carbonate of lime ... . . .. ............. . ........ . .... .. . . . . . . .. . ... . .. . 75.3'5 
carbonate of magnesia ... .. . . ........ . ... .. ... . . ... .. . . . ....... ... .. .. 1.02 
Phosphate of magnesia ..... . ... .. ... . ...... .. . . .... . .. . .... ... . ... .. . . 3.38 

1(}0.00 

The r esults of these experiments are wholly in accord with 
the following statement of these investigators: 

In the laboratory, when carbonate of ammonia is added to' 
sea water, nine tenths ' of the calcium in solution is thrown out 
as carbonate of lime, while the magnesia salts remain in solu­
tion; so that if the reaction above indicated be that which takes 
place in the ocean, ,then to this circumstance may be due the 
fact that carbonate of magnesia is almost wholly absent from 
recent coral reefs and deep-sea calcareous formations. 

The efficiency of decaying organic matter as a precipitant 
of calcium and magnesium has also been studied by Fischer,132 
who arrived at similar conclusions. Upon placing decaying or­
ganisms in ordinary sea water he obtained a precipitate over­
night consisting of 94.45 per cent of OaOOs and 5.55 of MgOO q • 

Neither concentration of the sea water and of the decaying 
. organic matter, nor increase in t emperature served to appre­
ciably increa~e the magnesia content of the precipitate. 

E xperiments a,t Elevated Temperatures 'and Ordinary Pres­
sur es.-Dolomite has been prepared artificially at elevated tem­
peratures by several investigators. Forchliammer,13S upon add­
ing water containing OaOOs to boiling sea water,. obtained a p~~-

132Monatsh. Deutsch . geol. Gesell. , 1910, p. 255. 
""Quoted by Bischof, Elements of Chemical and .Physlcal Geology, English tra ns-

1atlon, Vol. 3, 1859, p. 161. ., . , 
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cipitatecontaining 12.23 per cent of MgCOa ahd .87.77 of CaCOs, 

and when Na2COa was added as well as CaCOa; the MgCOs 

content of the precipitate was increased to 27.93 per cent. It 
is not made clear, however, whether the double . carbonate was 
form~d· or not in these experiments . 

.An analogous experiment was performed by Hunt.184 A sohi­
tion of the chlorides of calcium and magnesium, 'which had been 
accidentally mixed with a quantity of Na2COa insufficient for 
its complete decomposition, was set aside for · a period of five 
weeks. ' At the end of 'this time the solution still retained a 
portion of the MgCI2 , but possessed only a trace of MgCOn• The 
precipitate, after heating, analyzed CaCOa 50.52, MgCOa 30.09 . 
and water 19~39 per cent. · . 

The experiments of Lihck1 35 are interesting in this connec- . 
tion. When one molecular weight of MgCl2 and one molecular 
weight of MgS04 were dissolved in 500 ce. of water and mixed 
with a solution of one and one-half molecular weights of am­
monium sesguicarbonate in 150 cc. of water, the resulting solu­
tion remained clear, but when one molecular weight of CaCl2 in 
100 cc. of water was .added a voluminous precipitate came down. 
This ,became crystalline when warmed to about 30° C. and 
examination of the material-showed it to consist of minute round 
or oval spherulitic grains which had essentially the same com­
position as normal dolomite, but their double refraction was 
weakly positive, showing that they could not be this mineral. 
The_ same reaction took place when the magnesium salts were 
used separately but in double the amount of the above experi­
ment. But the effect of N aCl when added in about the same 
proportion as it exists in ~ea water was to reduce the MgCOa 

content of the precipitate to 12 per cent. The same effect,how­
ever,' did not result when one molecular weight of N a'2C0 3 was 
added to the N aCl solution beforehand, . for then the residue 
yielded 49 per cent. . Briefly these results may be explained as 

. follows: . The eff€!ct of adding N aCI·to the solution was to' r:e­
press · the ionization of the MgCl2; since these two compoun4s 
have one ion in ~ommon. For the same reason the. addition-of 

"'Am: .Tour. ScI. , 2d ser., Vol. 42, 1866, p. 56. 
13'Montash . Deutsch . geol. Gesell. , 1909, p. 230. 
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. Na~C03' tends to increase 'the yield of MgCOs• The' concentr'a~ 
tion of the earbonate ions in solution is increased ' with the re'­
.sult :that the MgCOs of the solution becomes less dissociated and 
as a consequence must be deposited, since the solution is 'already 
saturated with the undissociated salt. As above stated, the 
precipitate obtained in these experiments did not. behave as 
.dolomit.e. Nor was it transformed to thi~ mineral even when 
heated to 110°. But .when solutions prepared as above were 
warmed several hours in sealed tubes at40 to 50° C., spherulites 
_possessing negative double refraction and all other properties 
:of dolomite were obtained. Analysis of the,se gave 44.8 per 
,cent of MgCOa and 49.5 of CaCOa• Linck, therefore, was led . to 
suggest that dolomite might be formed in the sea in this man­
ner, since decaying organisms give off ammonium carbonate. 
Meigen,lS6 however, who has repeate~ Linck's experiment, calls 

. this in question, since he failed to procure dolomite under these ' 
conditions, but obtained only a product easily soluble in dilute 
acetic acid. . 

Bourgeois and Traube1 a7 also report the production of. dolo­
mite as a direct precipitate at elevated temperature. Thus, by 
heating a solution of MgC12, ' Ca012 and KCNO (potassium 
cyanate) to 130° in a sealed tube q.olomite was produced. But 
as F. W. Clarke has pointed out, this experiment has no geo­
logi.cal significance . . 

, The experiments of Bischof138 have a much more important 
bearing on the problem, although only the mixed carbonates 
were produced in these. First, solutions of carbonate of calcium 
and of carbonate of magnesium in carbonic acid water, . were 

. mixed in the proportion of two parts of magnesium to one of 
calcium and evaporated at a temperature of 122" F. " After one­
third of the solution had evaporated the precipitate contained 
1.64 grs. of CaCOa and 1.99 grs. of MgC03. When the filtrate ' 
from the above was next evaporated to one-fifth the original 
volume it was found to consist of orily a trace of CaCOa and of 

. .43 gTS~ of MgCOs• It will be noted that in this experiment the 
l:"'Quoted by L eitmeier, Doelter's Handbuch der Mineraich~mie, Vol. I, i912, p . 395. 
137Quoted by F. W . Clarke, Bull. U. S. Geol. Survey No. 491, p. 537. 
18.Elements of Chemical and Physical Geology, EIiglish translation, Vol. 3, 1859, 

p. 168. ' I I I ; 
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MgCOa was considerably in excess of 'the CaCOs in the solution. 
In the next experiment this factor was eliminated by using well 
water: which contained only about half as much MgCOs .as 
CaC03 • Eighty ounces of this· water was evaporated at 1220 F. 
After 45 ounces was evaporated, 8.36 grs. of CaCOs had be~n 
deposited, but only .a trace of MgCOa• When the remaining 35 
ounces was .evaporated, however, the residue was found to con­
tain 1.95 grs. of MgCOs and only .22 grs. of CaCOs. When this 
experiment was repeated more carefully it was found that the 
MgCOa did not begin to deposit until seven-eighths of the water 
had evaporated, and almost all the CaOOs· had been thrown out. 
Bischof then draws the following conclusions: 

It follows also from these experiments that the production of 
a double carbonate of . lime and magnesia cannot take place to 
any considerable extent, if at all, by the evaporation of water 
similar to the above, and under analogous conditions. . In evapc'­
ration at the ordinary temperature, also, the quantity of water 
'evaporated before deposition takes place must be very consid­
erably greater than when the evaporation takes place at a 
higher temperature. 

The elaborate series of experiments of F. W. Pfaff1 30 bearing 
on the direct deposition of dolomite should also be mentioned 
here. First N3.:!COs was added to solutions of CaClz and MgClz, 

and of CaClz and MgS04, and evaporation allowed to take place 
on the' water bath. But no dolomite was obtained. Similarly 
the addition of ammonium carbonate to a solution correspond­
ing to sea water in composition failed to yield the double car­
bonate upon addition of ammonia and evaporation. Next :a 
saturated solution of NaCl with CaCOs anq. MgClz through 
which CO2 was passed was evaporated to dryness without re­
sults. The substitution of MgS04 for MgClz was still without 
effect.. Then carbonated solutions of CaC03 were treated 
separately with MgClz and MgS0 4 and to each was added 
(NH4) ~C03 ' Evaporation again yielded no dolomite. The ad­
dition ' of (NH4 )2C03 tq a carbonated solution of CaCOs and 
MgCOs was likewise without results. Negative data were still 
obtained when a strong solution of CaCOs and magnesia alba 
was treated ' with CO2 and evaporated. When, however, the 

13UNeues J a hrb., Bell . Bd. 9, 1894" p, 485. 
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.preceding experiment w.as repeated using (NH4)2C.OS instead. of 
CO2 and the solution evaporated on the sand bath, at a tem­
perature which attained 1400 C., towards the last, a crystalline 
residue difficultly soluble in dilute acid was .obtained. But 
evaporation to dryness of a solution prepared in the same man­
ner on the water bath yielded a readily soluble precipItate. 

Another series of experiments next undertaken to determine 
the influence of (NH4)2S and H 2S in the formation of dolomite 
met with much more success. First a saturated solution pre­
pared by the action of (NH4)2S on the carbonates of calcium 
and magnesi-qm was evaporated to dryness with the addition 
of (NH.t)zCOa• The process took several days, but in the end 
the residue contained double refracting crystals which dissolved 
.in strong add only when it was heated. Since it was not cer­
tain that the temperature did not rise above 100 0 in this opera­
tion the experiment was repeated, and the evaporation was con- . 
ducted this time on the water bath. A residue with similar 
·properties was obtained, analysis of which showed considerable 
magnesia and some lime. Similar results were obtained when 
an H 2S solution was substituted for the (NH4) 2S solution and 
NaCl was added. This time the (NH4)2COa was omitted, but 
CO2 was 'passed through while evaporation proce.eded at 500 to 
60 0 C. The precipitate behaved as in the preceding experiment, 
and analysis showed only a small amount of lime. Pfaff sug­
gests that this product may have consisted of magnesite with 
some lime. When (NH4)2S was used in place of H 2S under 
somewhat similar conditions, rhombohedrons which showed 
diagonal extinction were obtaineq. These effervesced at first in 
strong acid, but a residue remained which dissolved only when 
heat was applied. An analysjs of this product by Professor 
HoppB-Seyler gave: 

Per cent 
, CaCO. " .. " .. , ..... .. . . ... . ,.,', . ,', ...... , ... . ". . .. 12.77 

MgCO. ,., .. , ; ... , . , , . , . , , .. , ... . ' , , , .. . , , . . . . . . . . . . . . . 79 .84 
Fe,O, . . . ,." .. , ' . .. . " . . .... .. , . . " ... ,." ... . "' .. ,... 1. 7 4 
Insoluble , .......... , .... . . . , ...... • ,., .. " .. ... ,..... 4,64 
H ,O . . ...... , . .. . ,., ..... , ..... . .. " . , .. ,. '.' . , ... . , .. , " 1.00 

Since the magnesia was much ' in excess of the lime in the 
above experiment the operation was repeated using these con-
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stituents in the proportion of one to one, but· t.his was no more 
successful, for only 6.93 per cent of CaCOs was obtained. ' The 
precipitate evidently repres,ented magnesite with CaCOa me­
chanically mixed. Further trials under slightly different con­
'ditions still failed to increase the yield of the CaCOs to the 
normal dolomite ratio. ,When, however" the solutions prepared 
by the action of the sulphides of H~S and (NH4 )2S on the car­
,bonates of calcium and magnesium were' mixed in the proportion 

, of two of calcium to one of magnesium, the results were much 
more satisfactory. After NaCl was added to the mixture pre­
pared in this, manner and CO2 passed through for slightly more 
than two months the p'recipitate was washed and dried at 1200 C. 
Analysis showed it to have the following composition: 

, Per cent 
MgCO. ", . . .. . . .. . . .... . . . .... ... . .. . . . . . . .......... . . 43.7 
CaCOa • •• ••. . •• •• , • •• •.•••• ' . . .. .. . . . .. . . ... .. . .. . . .. ... . . 52.0 
Insoluble ............... . .. .. . .. .. . .. . .. . . .. . ... . . .... .. 3.8 

Recalculation to eliminate the insoluble matter gave 45 per 
cent of MgOOs and 54 of GaCOa, almost exactly the same pro­
portions as in normal dolomite. When the experiment was re­
peated without NaOl no trace of dolomite was obtained after a 
period of fourteen days. 

Experiments at Ordinary Temperatures and Elevated Pres­
sures.-For experiments bearing on the production of dolomite 
at ordinary temperatures but at ,elevated pressures we are in­
debted entirely to F. W. Pfaff.140 His attempts to produce dolo­
mite as a direct precipitate were unsuccessful, but he obtained 
it as an alteration product under a variety of conditions. It was 
sought to prepare the double carbonate as a direct precipitate 
in the following manner: CaCOa and magnesium alba were 
added toa saturated solution of NaOl. CO2 was then passed 
through under a pressure of 2 to 2% atmospheres. When the 
solution became saturated with , calcium and magnesium . the 
pressure was decreased, but seldom was a precipitate formed, 
and evaporation ,gave rise only ,to the deposition of 'CaCOa and 
hydrous MgCOs, separately. 

" "Neues Jahrb ,,. Bell. Bd . 9, 1894', p. 485. 

20 



306 THE ORIGIN OF DOLOMITE ....-,. , 

Since the basic-carbonate of magnesium obtained in such ex­
periments is in no condition to unite with CaCOs to produce 
dolomite, it was attempted by Pfaff in a later series of experi-

. ments141 to produce anhydrous MgCOs• The effect of solutions 
of potassium and sodium carbonate on MgC12 at high pressures 
was tried without avail. The addition of a concentrated solu­
tion of CaClz or of NaCl also failed to produce the anhydrous 
salt. The results were equally unsatisfactory when a solution of 
ma,gnesium salts was subjected to ' the action of (NH4 )2COa for 
48 hours at 500 atmospheres. Pfaff, therefore, concludes that 
dolomite and anhydrous MgCOa are not precipitated directly 
under high pressure. 

Discussion.-To recapitulate, experiments have failed to in­
dicate the conditions under which dolomite can be precipitated. 
directly at ordinary temperatures and pressures. But there is 
convincing evidence that dolotuites have been so formed, on a 
small scale at least, in ·nature. The fact that the two carbonates 
are found by experiment to come down separately with the 
GaCOa much in advance of the hydrous MgCOa cannot, there­
fore, be regarded as wholly opposed to the theory of chemical 
deposition of large masses . of dolomite, for under favorable con­
ditions the double carbonate may be precipitated directly, the 
dolomite molecule being continuously formed in solution while 
deposition proceeds. The chief objection to the chemical theory 
thus falls down. But the fact that experiments have failed to 
give rise to a magnesia-rich precipitate from sea water at or­
dinary temperature, even when the pressure was elevated, must 
be . regarded as important. 

The experiments carried on at elevated temperature and or­
dinary pressure show that the double carbonate .is readily 
formed under these conditions, but while these may have a 
direct bearing on the origin of some local dolomites they cannot 
be ·considered as having an important bearing on the origin of 
stratified dolomites of great thickness. 

II. Evidence Bearing on the Alteration Theories. 

Experiments at Ordinary Temperatures and Pressures.­
As regards the evidence bearing on the production of dolo-

H1Neues Jahrb., Beil. Bd. 23, 1907, p . 529 . . 



EX~IMENTS ON ALTERA'rION 307 

mite as an alteration ' product under ordinary conditions, a 
number of experiments may be mentioned.' Thus, Bischof,142 
trying the effect of a solution of MgCOs upon carbonate of lime, 
found that "after twelve hours there was neither. any lime in 
solution, nor any magnesia retained by the carbonate of lime." 
A similar experiment was tried usmg small fragments of chalk 
instead of powdered carbonate of lime. "The closed "essel 
stood for several years unopened, but examination from .time to 
time failed to reveal any action upon the edges of the chalk 
fragments." Scheerer/'s however, ' later recorded somewhat 
different results from a similar experiment. When powdered 
chalk was treated with a carbonated solution of MgCOs for 
forty-eight hours with the passage of C02 it was foUnd that 
nearly all of the MgCOs had gone into the sediment and that · 
only a slight amount of the same remained in the solution, which 
.was now rich in CaC03 • But it is not stated that dolomite was 
formed: 

Hoppe-SeylerW was una.ble to produce dolomite by the action 
of solutions of MgC12 on CaCO. for several months. The same 
negative result was obtained when a' dilute MgSO, solution was 
. saturated with CaCOs and a current of dry air, drawn through 
for a long time. Even when NaCl was added to the saturated 
solution of MgSO, the residue yielded no dolomite and the 
freezing of an MgSO, solution saturat.ed With CaCOa was 
equally unsuccessful. The effect of sea water on CaCOs was 
also tried but with no more success . . Likewise iWhen Liebe145 

immersed chalk a year and a half in MgCl~ solutions of various 
conctentrations no trace of decomposition could be detected. 

More successful results, however, are reported by Leit­
meier,146 who in his experiments on the formation of aragonite 
claims to have prepared dolomite also. In these experiments 
.1 gram of powdered CaCO. in 100 grams of water was 
subjected to the action of .001, .005, .01 and .05 gram of 
MgS04 • 7H~0 and MgG12. 6H20 ' respectively. At low tempera­
tures dolomite was obtained at none of thes~ concentrati~ns; 

"'Elements of Chemical and Physical Geology, Engllsh translation, ·Vol. 3, 1859, 
p. 167. 

"'Neues Jahrb., 1866, p . 1. ' '. 
1"Quoted by F. W. Pfaff, Neues Jahrb. , Beil. Bd. 23, 1007, p. 555. 
"'Zeitschr . . Deutsch. geol. Gesell., Vol. 7. 1855, P. 431. 
"<Neues Ja~rb .• Vol. 1, 1910, p. 49. . 
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but at medium temperature (10 0 C.) a few fine grains which 
reacted as dolomite microchemically .were obtained at the con­
centration of .01 gram. At a concentration of .05 ,gram, how­
ever, copious crystals which did not react with iron chloride 
were found in the residue. These showed partly developed 
crystallographic boundaries and appeared to possess the dis­
torted structure characteristic of dolomite rhombohedrons. In 
the .1 gram solutions a much richer mixture of "dolomite" was 
obtained. The effect of higher temperatures was to produce' 
essentially the same results, for "dolomite" was obtained at 
the same concentrations. 

The experiments performed by F. W. Pfaff147 at ordinary 
· conditions are also interesting in this connection. By the ac­
tion of a solution of Mg804 , MgCl2 and N aCl on anhY9.rite with 
the passage of 'C02 a reaction product coating the anhydrite 
was obtained. This was s0luble only in strong hydro~hloric 
acid and had at one time the composition: CaCOs 61.7 per cent; 
MgCOs 38.7. 

The experiments of the writer bearing on the artificial 
' production of dolomite as an alteration product at ordinary 
temperatures and pressures have yielded no successful results. 
In these powdered aragonite was treated with solutions of 
known concentration of MgClz and MgS04 and of definite mix­
tures of these salts. The influence of N a cl and CO2 on the re­
action was also studied and the effect of inoculating the solu­
tions with crystals of dolomite was tried. The concentration ' 

· of the magnesium solutions used ranged from two to ten tim~s 
the concentration of magnesium in ordinary sea water. After Ii 
period of six months and again after nearly Jhree years the 
residues of the experiments were thoroughly tested micro­
chemically for dolomite, but without succesSful results. Analyses 
of portions of the solutions, however, showed the presence of 
calcimn in greater quantity than the solubility of CaCOs alone 
wOl+ld account for, and there can be no doubt that a r eaction 
had taken place, although no MgCO. had been deposited. Evi-

· dently the easily soluble trihydrate of magnesium carbonate 
had been formed. 

"'Neues Jahrb., Bell. Bd. 23, 1907, p. 529. 
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" Experinie~ts at Elevated Tempemtures and Ordinary Pres­
sures.-Dolomite has been prepared frequently ' as an altera-

: tion product at elevated temperatur·es and ordinary pressures. 
Morlot/48 for instance, upon heating a mixture of one equiV'a­
lent of sulphate of magnesium and two equivalents of powdered 
CaCOa to 392,· F. in a sealed glass tube, obtained a mixture of 
dolomite and gypsum, and found that the MgS01 had beencorri.­
plete~y decomposed. Hunt,149 however, found by repeating 
this experiment that the two carbonates did not crystallize C!>ut 
as dolomite. .' 

, 
The experiment of' Sainte-Claire Deville150 also should be 

mentioned here. A fragment of chalk ' after having been im­
pregnated with, a solution of MgCl2 was placed in a platin~ 
crucible and subjected to prolonged heating on the sand bath. 
At a temperature a little above 100· a reaction took place 
whereby CaCl2 and dolomite were produced. By a single opera­
tion' of this kind it was possible to replace , only six to ,seve,n 
parts of lime by an equivalent amount of magnesia, but when 
the fragment was washed 'and subjected to the same procedure 

, repeatedly the replacement went much further. Fragments -of 
madrepores when subjected to the same treatment were 1\e­
placed in a similar manner. 

A somewhat similar experiment was performed by Sorby,15l 
who attempted to produce a dolomite pseudomorph by the aC­
tion of a soliItion of MgClz on Iceland Spar at an elevated tem­
perature. He found that only an external crust of MgCOs was 
formed by replacement. 

The elaborate series of experiments, by Klement152 also has 
an important bearing on the problem of the origin ,of dolomite, 
although only the mixed' carbonates were obt.ained. 

The effect of MgS04 on aragonite was first observed. One­
half grlitrri. of aragonite and 1.25 grams of crystalline M,gS04 
were placed in tubes, after which 10 cc. of a saturated solution 

"'Quot~d by Bischof. Elements' of Che~ical and ·PhYsical Geoldgy, English trans-
lation, Vol . 3, 1859, ,p . 158. 

"JAm. J"our. Sci., 2d ser . , Vol. 28, 1859, ,p. 170. 
lO·Compt. Rend., Vol. 47, 1858, p. 91-
lI51Qu'art. Jour. GeoL Soc . ' London, Vol. 35, 1879, p. 56 . 
152Bull. Soc. Beige gl!oL , Vol. 9, 1895, p. 12. 
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. of NaCl w-as 'added and ·the tubes were sealed. A preliminary 

.experiment having shown tha.t at elevated temperature a re­
,action took place whereby MgCOs was deposited, the influence 
of time and temperature was studied. , At a temperature of 

, 50° to 50° C. only a trace, of MgCOs was produced' after an in-
· ter:val of ten days. The same was true when the temp.erature 
was held at 62°. for four days, but after the same experiment 

· r:an for six days 1.3 per cent of MgCOa was formed. Above 
this temperature MgCOs was always obtained, and the amou.nt 
iIicreased directly with the time. Thus, at 72° for twenty~four 

,hours he obtained 1.7 per cent, for sixty-seven hours 9.8 per 
~ent, and for ninety-five hours 12.4 per cent. The maximum 

,alnount of MgCOs, 38 per cent, was obtained at 90· for sixty­
~ight hours, When the heating was prolonged to one hundred 

,aIld forty hours no increase was noted. ,By using another 
sample .· of aragonite, however, Klement was able to obtain 41.1 

,pe,r cent of MgCOs after heating to 91° for orie hundred and 
: fqfty~four hours. , , 

,The influence of the changing of the concentration of the NaCl 
'was then tried, the same amount of aragonite and MgS04 being 
used as in the preceding experiments. In general it was found 
that increase in the concentration of this cons-tituent had the 

,siqne effect as increase in time. For instance, it was found in 
a , previous experiment in which a 10 ce. saturated solution of 

. N a Cl was used, that 24.5 per cent of MgCOs was formed at a 
,certain temperat.ure after a given time, but when now the 10 cc. 
saturated solution was diluted with 1 ce. of water the yield of 
MgCOs was reduced to 8 per cent under essentially the sa.me 
'c(mditions of temperature and time, and when the NaCl solu­
"tion used consisted of a 5 cc. saturated solution of NaCl plus 
5 cc. of water only .6 per cent of MgCOs was obtained. When 
the N aCl was completely removed from the solution there was 

, a : still further reduction of the MgCOs content even when the 
' M.gSO i solut~on was very concentrated. 

· ", '·As' regards 'the influence of the quantity of the ~eacting sub­
stances it was found that when, each was ,doubleQ. there was a 
marked decrease in the amount ,o~MgC03', 1?I:od.1;lced. Klement 
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attempts to explain this on the , assumption that e,quilibrium is 
soon reached under these conditions, since the volume of the 
solution is greater and the CaS04 produced by the reaction 
would not be so readily deposited. But this is difficult to 
understand. 

The action of MgS04 on recent corals, also was studied und~;r 
the same conditions as in the :fir~t series of experiments. It 
,was found that the powdered material.gave even a greater yield 
of MgCOa than aragonite under similar c9nditions. The action 
of MgS04 on powdered calcite, however, was much less ener­
getic. Thus, at 1000 for ten hours in the presence of an excess 
of N aCl only a trace of MgCOs was formed" while at 90 0 ,for 
forty-eight hours 1.6 per cent of this compound was obtained. 

The comparative efficiency of MgC12 in alterin~ aragonite 
was likewise determined.. When the MgS04 was replaced by 
an equivalent amount of this compound and 10 cc. of a saturated 
solution of NaCl was added the reaction proceeded very feebly, 
only .4 per cent of MgCOa being formed at 72 0 for 90 hours. 
When, however, only 3 cc. of a saturated NaCl solution was 
used instead of 10 cc. the yield was slightly increased, but it 
was still very low. These singular results are accounted for 
by Klement on the assumption that an easily soluble reaction 
product is formed here and that equilibrium is soon reached. 
This no doubt is important, but the effect of the NaCl in re­
pressing the ionization of the MgCl2 should also be taken into 
consideration. 

Experiments at Ordin!ary Tempera·tures and Elevated Pres­
sures.-The attempts of F. W. Pfaffl~3 to produce dolomite ~t 
ordinary temperatures and elevated pressures are noteworthy 
in this connection. When a mixture of CaCOs and anhydrite 
was subjected to the action of an M.gS04 solution under pressure 
dolomite rhombohedrons were obtained, but when gypsum w~.s 
used instead of anhydrite no such reaction took place., Sil;ni­
larly the effect of a solution 'of MgCl2 and N aCl on, powdered 
anhydrite in the presence of Na2COS or (NH4 )2COS under 
pressure was to produce the double carbonate. When the latter 

"'''Neues Jahrb ., Beil. Bd . 23, 1907, p. 529. 
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experiments ,were repeated, however, they were not always suc­
-cessful and when gypsum was substituted for anhydrite the 
double carbonate was never obtained . . . . 

: . The influence of MgS04 on GaOOa in the presence of NaOI 
also was tried, and the pressure was held at 100 atmospheres 
for eight days. The temperature varied from 4° . t~ 14° O. 
The residue obtained after being treated with . a two per cent 
solution of acetic acid for twenty-four hours analyzed 73.7 per 
cent of OaOOa and 26.2 of MgOOa. When the eXPElriment was 
repeated under the same conditions the residue yielded 80~1 

per cent OaOOs and 20.7 MgOOs. 

When he used an apparatlils to insure uniform concentration 
'of the MgS04 ' and OaOOs Pfaff obtained, in a similar experi­
ment run for ten days; under a pressure ranging from sixty to 

• eighty atmospheres, at room temperature, a residue which 
'after standing twenty-four hours in a two per cent acetic acid 
solution, tested as follows: OaOOs 53.7 per cent, MgOOil 46 per ' 
cent. When the experiment ran one day under the same con­
ditions only 7 per cent of MgOOs was formed in the residue. 
Pfaff, then endeavored to determine at what pressure the re­
action proceeds most favorably, and arrived at the conclusion 
that at 40 atmospheres the reaction begins, but takes place most 
quickly at 60 atmospheres and still proceeds even at 200 and 
500 atmospheres. . 

Experiments at Elevated Temperatures and Elevated Pres­
sures.-Of the experiments carried on both at high temperatures 
and high pressures those of Marignac154 are among the first. 
When he heated OaOOs with a solution of Mg0l2 in sealed tubes 
to 200° O. for six hours there was obtained a product which 
'yielded OaOOs 48 per cent, and MgOOs 52 per cent. After 'only 
two hours heating, however,' the amount of MgOOs obtained 
was less. 

The experiment of Duroche155 was also formerly regarded as 
important in that it seemed to lend support toth~ volcanic 
'theory of the origin of dolomite. Anhydrous Mg0l2 and frag-

'"'Quoteq by Hunt, Am. Jour. ScI., 2d ser., Vol. 28, 1859, \p. 170. 
'''Compt. Rend., Vol. 83, 1851, p. 64 . 
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ments of porous limestone were heated to dull redness for three ' 
hours in a sealed gun barrel. "When the fragments were re­
moved. they were found to' be coated with a ' scoriaceous mass 
consisting of MgOI2 , CaC12 and a small quantity of the oxides 
of Ca, Mg, and Fe. When this was washed off the limestone 
fragments' were found to be partly converted into dolomite. 

Later researches by Hoppe-Seyler156 likewise showed how 
dolomite might be formed at high temperatures. Thus, he ob­
tained both the double carbonate and magnesite by heating 
magnesium salts or sea water with CaCOa in sealed tubes. · 
When OaC03 was treated with a solution of magnesium bicar­
bonate and heated to over 100 0 the 'same result was obtained. 

It will be noted that in the above experiments the pressure 
was induced only by t;he effect of high temperature on the re­
acting substances. In some of . Pfaff's experiments,UT on the 
other hand, mechanical pressure was applied and the tempera­
ture kept lower. The eff,ect of an MgS04 solution ten times as 
concentrated as this salt in sea water was tri~d on CaCOa at a . 
pressur.e of sixty atmospheres and a temperature of 40 0 to 50°: 
After an interval of six days a residue was obtained which was 
insoluble in two per cent acetic acid. WhEm the experiment' 
was repeated using MgCl~ instead of MgSO, the same result 
was obtained, and an insoluble residue bearing considerable 

. MgCOs was produced. 

Discussion.-In summarizing the experimental data bearing 
on the alteration theory we find the evidence furnished by ex­
periments carried on at ordinary conditions very conflicting, 
for while Pfaff and Leitmeier report the production of dolomite' 
artificially under these, conditions, all other experimenters have 
obtained only negative results. As regards Pfaff's experiment 

. in which dolomite was obtained by the action of a solution of 
MgSO" MgCl2 and NaCl on anhydrite with the passage of CO2 , 

it must be admitted that this can have no direct bearing on the 
formation of extensive dolomite deposits ' in nature, except 
in-so-far as it shows ~he possible pr?duction of dolomite at 

166Clted by F. W. Clarke, Bull. U, S. Geol. Survey No. 491, p. 537.· 
lnNeues .Jahrb" Bell. Bd. 23, 1907, p. 529. . 
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ordinary temperature and pressure. The evidence furnished" 
by Leitmeier'sexperinient, on the other hand, is much more : 
important in this connection. But his results are difficult to 
understand, since' other ,experimenters have consistently ob­
tained negative results when the same constituents. were em­
ployed, under almost identical conditions. Even when the mag­
nesium solutions were many times more concentrated than those 
used by Leitmeier no dolomite was obtained. 

: In the writer's experiments in which the effect of MgCL and 
,MgS0 4 was tried on CaCOs at many concentrations, absolutely 
no trace of dolomite could be found in the residue when it was 
tested in the most careful m'anner with Lemberg's solution. To 
be sure, small transparent crystals were present which failed 
to take the stain and which suggested dolomite in several par­
ticull3.rs, but these were insoluble ~ven in hot, concentrated acids 
and the conclusion was forced tha t they -represented quartz 
grains derived from ,the corrosion of the glass of the contain­
ipg flasks. ' For the present,therefore, it seems best to hold 
Leitmeier's observations in question. If further work should 
demopstrate the 'correctness of his observations, then here we' 
would have valuable data bearing on the possible dolomitiza­
tion of limestone at ordinary temperature and pressure by 
a dilute solution ~f magnesium, and many puzzling features of 
this process would be explainabl€. 

The high temperature experiments, although they have fre­
qU,ently yielded dolomite, cannot be regarded as having a direct 
bearing on the problem at hand, as all the evidence goes to 
,show that high temperatures have not prevailed when the great" 
masses of dolomite were formed in nature. The same may be 
said, of the €xperiments carried on both at elevated tempera­
,tur~s and at elevated pressures. But the data bearing on the 
production of dolomite at elevated pressures are much more 
valuable, for in the alteration , of limestone tQ ' dolornlte the 
pressure of the water column ,above the scene of thE;) replace~ 

ment ~ust be taken into consideration. It is conceivable th~t 
this has in many cases amounted to se~€ral atmospheres. ' All 
the evidenee, however, is unfavqrable, to' the view t,hat the pres-
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sure has amounted in many 'cases' to forty to sixty atmospheres,; 
the pressure at which Pfaff obtained his best results, for there­
i.s almost universal agreement that the dolomites are not 'deep 
sea deposits~ ' 

, IIt. Evidence Bea~ on the Leaching Theory. 

The power of carbonated waters to remove the lime mOTB 
rapidly than magnesia, front magnesian limestone was ;first 
actually _ demonstrated by Bischof/58 who after placing . I t;h~ 
powder of magnesian limestones of known compositiqn ;:in; 
water, passed a stream or CO2 through the mixture for twenty­
four hours. It was found that in case of one of the samplel3 
which contained originally 84.57 per cent of CaCOs and 11.54 
of MgCOs no trace of M.gCOs had been taken into solution. 

Almost identical results were obtained · by Doelter and 
Hoernes159

. in a similar experiment on a dolomitic limestone 
from the Wengener formation, which bore 84.82 per cent, of 
CaOOa and 13.94 of MgCOs• When a powdered sample weigh-:­
ing 2.125 grams was placed in water and a stream of CO2 passed 
through for forty-eight . hours, the solution contained 0.272 
grams of CaCOn and only a strong trace of MgCOs• In lik~ 
manner Scheerer/6o upoJt exposing the powder of dolomitic 
limestone containing about 9 per cent of MgCOa to carbonated 
water obtained on1y a trace of MgCOs in solution, although. it 
was rich in CaCOs• 

The ,experiments of Hardman161 along this line are imp9rtaut. 
First a dolomitic limestone from Kilkenny was used. This had 
the following composition .: 

Per cent 
CaCO. _................ ....... . . .. ...... ......... .. ... 68.21 
MgCO •... ... ... ...... ...... .... .. . .................... 24.00 
Fe.9.+A120. .. '. . . .. .. . . . . .. .. .. . . .. . . .. . . .. .. . . . .. . ... 4.32 
Silica. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.92 
FeCO. . .... ... .... . ... .. .... . . . . .. _ . . . . . . . . . . . . . . . . . . . 0.90 

, : 

110 grains of the crushed limestone were placed in a jar of 
distilled water and only Bnough CO2 passed through to keep . . 

""Elements of Chemical and Physical Geology, English translation, Vol. 3, 1~59. 
p. 195. 

llIo.rahrb. K .-k geol. Reichsanstait, Vol. 25, 1875, p. 328 . 
1GONeues Jahrb., 1866, p. 1. ' ,It 

'·'Proc. Roy. Irish Acad., 2d ser .. " Vol. 2, 1875-77, p. 705. 
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the water feebly acid. After an inte:rval of seventy-two hours 
it was found that the carbonates were dissolved in the propor-, 
tion of 68.21 parts of CaCOs to 9.32 parts of MgCOa• When, 
however, the water was saturated with CO2 for forty-four days 
the ratio was 68.21 to 20:06. A similar €xperiment ,on a lime-. 
stone from Dungarnon County which bore 12.71 per cent of 
MgC03 yielded very similar results. 

, , 

The experiment of Hogbom162 on a marl from Upsala like-
wise' has an important bearing on the leaching theory. When 
this marl, which contains approximately 18 per cent of CaCOs 

and 1.3 of MgCOs was treated with carbonated water it was 
found that almost half of the former was dissolved, while only 
a trace of the latter was taken into solution. 

The effect of carbonated waters on normal. dolomite at or­
dinary pressure, on the other hand, is in general to dissolve the 
tWo carbonates with their ratios undisturbed. Thus, when ' 
Gorup-Besan~z16S treated dolomite powder with , carbonated 
water for five days the solution contained 55.2 per cent of CaCOs 

and 47.7 MgCOs, while the undissolved residue yielded 56.74 
per cent CaCOs and 43.26 MgOOs• When the operation was 
prolonged over a period of twenty-one days the results were 
not essentially different. The effect of elevation of pressure, 
however, appears to be to produce a considerable change in the 
relative solubility of the two carbonates in dolomite. Skeats164 

is the authority for the statement that "when dolomite is sub­
jected to fresh water containing carbon-dioxide at a pressure of 
about 5 atmospheres, the magnesium carbonate is dissolved and 
the calcium carbonate remains almost unaffected." 

The effect of dilute acetic acid upon magnesian limestones 
and dolomite is much the same as :that of carbonated water. 
For instance, Karsten,165 upon treating with cold dilute acetic 
acid a .sample of the Muschelkalk limestone from the district of 
Liineberg which contained 2 to 5 per cent of MgCOa, found that 
tiie~e was left hehind a ' residue which had the composition of 
hd!mal dolomite . . He coricluded, therefore, that this rock must 

" "Nelles Jahrb., Vol. I, 1894, p. 266. 
'''Liebig's Annalen, 8th Supp., 1872, p. 230. 
uoQtiart. Jour. Geol. Soc. London, Vol. 61, 1905, p. 97. 
""Quoted by F. W. Pfaff, Neues Jahrb., Beil . . Bd. 23, 1907, p. 545. 
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consist of a mixture of calcite and dolomite. In like manner 
Forchhammer/66 upon treating with dilute acetic acid the 
powder of a ' dolomitic limestone from Faxo, which contained 
16.5 to 17 per cent of MgOOa, found 41.42 per cent of MgOOs 
in the residue, while the solution contained 97 per cent of 
OaOOs and 3 of MgOOa. The results obtained by Doelter and 
Hoernes,l61 by the action of acetic acid on ~ dolomitic lime.stone 
containing 84.82 parts of OaOOa and 13.94 parts of MgOOs .for 
forty-eight hours were very similar . . The solution contained 
91.5 per cent of OaOOs and 8.5 of MgOOa. But when F. Pfaff168

, 

employed a more richly dolomitic limestone the enrichment of 
the residue in MgOOs was not relatively so great. A dolomite 
from the French Jura of the Muggendorf region was subjected ' 
to the action of a dilute .acetic acid solution for twenty-four 
hours. The ' original sample consisted of OaOOa 60.33 per cent, 
MgOOs 38.27, insoluble matter 1.40, while the acetic acid solu­
tion contained 69.15 per cent of CaOOa and 30.80 of MgOOs. 
The r esidue left behind, however, showed a great enrichment 
in magnesia, as it bore 40.1 per cent of OaOOa and 59.8 of 
MgOOa. Pfaff concluded .that this residue must have con­
sisted of a mixture of magnesite and calcite, since the MgOOs 
is far in excess of that in nor;mal dolomite. 

An ,elaborate series of experiments by Haushoffer,lOD on the 
other hand, showed that in the more nearly pure dolomites the 
OaOOa does not tend to go into solution more readily than the 
MgOOa. Indeed, by experimenting with various concentrations 
of acetic acid and ~th ' dolomites of variable composition, he 
actually found in some cases a slightly higher proportion of 
MgOOa in the solution than in ' the original rock. He gave it 
is his opInion, therefore, that in normal dolomite the MgOOs is 
more soluble than OaOOa and that the normal order of solubility 
of the two carbonates is reversed. 

16"Jour. prakt. Chemie, ·Vol. 49, 1850, . 
161Jahrb. K.-k. geoL Reichsansta lt, Veil. 25, 1875, p . 329. 
16'Quoted by F , W, Pfa ff, N eu es J a hrb ., B e il , -Ed. 23, 1907, p . 545. 
looQuot ed by F. W, Pfa ff, Idem ., p. 547 . 
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FIELD AND CHEMICAL EVIDENCE. 

I. Evidence Bearing on Primary Deposition Theories. 

CHEMICAL THEORY . • 

There are several facts which lend strong support to the 
view that some stratified do~omites represent · chemical precipi- ' 
tates~ , The more important of these are as follows: 

(1) Th~ occurrence of chemically deposited dolomite III 

'veins and druses, etc. 
(2) The purity of some stratified dolomites. 
(3) The association of dolomite with salt and ,gypsum 

deposits. 
(4) The interbedding of limestone and dolomite. 
(5) The. compactness of some dolomites. 
(6) The preservation of fine and detailed structu~es III 

some dolomites. 
(7) The paucity of or'ganic, remains in some dolomites. 
(8) The great thickness of some dolomites. \ 
(9) The relation of dolomite to limestone in certain for- . 

mations. 

l'he occurrence of Chemically Deposited Dolomite.-That 
dolomite can be deposited directly in nature is indicated by its 
occurrence as a gangue mineral and in veins and druses. The 
high magnesia-bearing travertines reported by Giradin170 and 
by J ohnsonl7l must likewise represent direct deposits, and oc­
currences of chemically deposited dolomite on a small scale in 
dolomitized coral reefs have been reported. Skeats,172 referring 
to the hitter feature, says: 

The' lining of calcite-crystals by an outer zone of clear dolo­
mite, described by me as occurring in sections from Mango 
(one of the Fiji Islands) and also noticed in some of the sec­
tions of the Tyrol dolomite described above, is difficult of ex-, 
planation, except on the hypothesis that the dolomite was 
deposited from solution . in optical continuity with the calcite. 
It sometimes hajJpens that one crystal is built up of successive 
zones, alternately calcite and dolomite. As these 'crystals are 

170See ante, p. 297. 
l7lSee ante, p . 297 . 
172Quart. Jour . Geol. Soc. London, Vol. 61, 1904, p. 136 . 
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but rarely recognized in thin sections; it is clear that 'they were 
not formed' under the conditions governing the general dolomiti­
zation of the mass of the rock. ' It may be that they were 
formed in cavernous parts of the rock, more or less shut off 
from the free passage of the sea water; and indeed, these crys­
tals are sometimes found lining the walls of ~avities. Dr. C. D. 
Cullis, in the mineralogical report on the Funafuti boring, de­
scribes and :6.gures a somewhat analogous case, of the deposi­
tion of the two minerals in alternating coats lining the walls of 
cavities, in a way that simulates on a microscopic scale the 
appearance of an agate. 

Phillipi173 also states that similar chemically deposited dolo­
mite crystals appear in the dolomitized limestone lumps from 
the Sei,ne Bank of the Atlantic Ocean northeast of Madeira. 

, The possibility that dolomite can be formed by direct deposi­
tion in nature then must be regarded as proven. But as re­
'gards the possible extensive chemical deposition of dolomite 
beneath the sea either in the past or at the present time we 
have no positive evidence. To be sure, recent work by Drew174 

has shown that calcium carbonate is being actively deposited 
through the a,gency of marine bacteria in the American tropics, 
but dredging has yet failed to show the presence of dolomitic 
ooze' on the sea bottom. 

T~e Purity of Some Stratified Dolomites.-It has been held 
by some that certain pure dolomite masses which possess the 
carbonates of calcium and magnesium in approximatelyequiva­
lent proportions probably represent chemical deposits rather 
than alteration products because of their definite composition, 
and all must agree that this is the simplest explanation of the 
phenomenon which may be offered. The force of this argu­
ment, however, is ' ,greatly weakened 'by the fact that the Ni­
agaran dolomite of the ,Upper Mississippi Valley which the in­
vestigations of the writer have shown t;o be an undoubted 
alteration product is, in general, a very pure dolomite, espe­
cially in its upper portion, and many analyses show the two 
carbonates' to exist in essentially the same proportion as ill 
normal dolomite. 

lTSN eu es Jahrb" Festband, 1907, p, 424-
mCarnegie Institution of Washington, Publication 182, 1914, p , 9: 
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Furthermore, ideally pure stratified dolomites are the -excep­
tion rather than the rule in nature. By far the greater number 
<?f dolomites have an indefinite and variable composition. 

The Association of Dolomite with Salt and GypSUlYn Delposits . 
. -Beds of dolomite, as of limestone, frequently occur in asso­

ciation with salt and gypsu~ d,eposits, and the impression no 
doubt lingers in the minds of many geologists that both the 
dolomite and the limestone so associated have been precipitated 
chemically, like the salt and the gypsum, during the evapora~ 
tion of a land-locked sea. Weigelin,175 in fact, has frankly 
advocated this method of origin for a dolomite of these rela­
tions in WestWiirttemberg. This view is supported by the 
fact that the dolomite and limesto:p.e normally come just below 
the gypsum, a relationship which we should €xpect upon the basis 
of the chemical deposition theory, since these are much less 
soluble thim gypsum and would naturally be the first to be de­
posited. There can be little doubt that the limestone associated 
with salt and gypsum deposits is in ma.ny cases of chemical 
origin, and the natural inference from this would be that the 
dolomite is also. But it must be regarded as possible that a 
rock deposited originally as ,limestone under these conditions 
might later be metamorphosed t.o dolomite. Ideal conditions for 
the alteration of limestone would be furnished in evaporating 
seas where the magnesium salts exist in a concentrated state. 

The Interbedding of Limestone and Dolomite.-The simplest 
and most u:q.derstandable explanation of the phenomenon of 
interbedding of limestone and dolomite which suggests itself 
is found in the primary deposition theory, the limestone and 
dolomite both being regarded as chemical deposits, 1ind this 
theory in fact has been adopted by many to account for this re­
lationship. Wagner176 accepted it for the interbedding in the 
French Jura, holding that the dolomite constitutes a definite 
member of the series and is of constant thickness. For the' 

, same reason V Ogt171 adopted the chemical theory for certain 
Norwegian dolomites, and Suess17S forthe interbedded dolomites 

, "'See ante, p_ 269. ' 
17OQuoted by F. Pfaff, Pogg. Annalen, 1851, p. 465. 

, 177See ante, p. 267. 
118See ante, p. 267. 
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of the Plattenkalk. Daly179 has cited instances of sharp and 
regular interstratification of l.imestone and dolomite in the pre­
Cambrian of British Columbia and Montana which he regards 
as strong evidence of the chemical origin not only of these dolo­
mites, but of dolomites in general. 

There can b~ no doubt that the stand of these writers is well 
taken, but, as will be shown later in this paper, inter:bedding 
produced by chemical preCipitation of limestone and dolomite, 
if indeed this be considered a possible method of origin, is not 
the whole story. In fact, all examples of interbedding ex­
amined by the writer are most plausibly explained upon the 
basis of the clastic deposition and alteration theories. Indeed, 
in most cases, the evidence in favor of -these is positive. It is 
believed that careful field study of many of'these cases of so­
called interbedding of limestone and dolomite, especially where 
the dolomite is relatively free from insoluble matter, would 
bring out the fact that the dolomite layers do not possess reg­
ular, even contacts and constant thicknesses. F. Pfaff180 long 
ago showed that Wagner's conclusions regarding the dolOl;nite 
of the French Jura were erroneous, since this rock fails to con­
stitute a definite member of the series. 

The Compactness of Some Dolomites.-Ever since Beau­
mont181 pointed out that the alterati.on of limestone to dolomite 
should be accompanied by a decrease in volume of 12.1 per cent, 
there has been a tendency to think of secondary dolomites as 
vesicular, arid the opinion naturally has arisen in the minds of 
some that compact dolomit~s are .original. Thus, BischOf'"" ex­
presses himself as follows: 

The cellular character of dolomite, which, according to Elie 
de Beaumont and Morlot, results from the replacement of lime 
by magnesia, is considered to prove that the rock has been 
altered since its deposition, since otherwise it would be com­
pact. There is at many places compact dolomite, which has, 
probably, been produced directly. 

179See ant.e, p. 269. 
lSOPogg. Annalen, 1851, p. 465. 
lSlSee ante, p. 286. 
1"Elements of Chemical and Physical Geology, English translation" Vol. 0, 1859, 

p. 159. 
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Doubtless many advocates of the chemical theory have en­

tertained views similar to those of Bischof. Blackwelder/s8 

however, upon finding that the Bighorn dolomite, which he be­
lieves in an alteration product, possessed a porosity of only 
1.31 per cent, attempted to overcome this obstacle by assuming 
that the replacement took place in the ooze contemporaneously 
with deposition. 

As far as the writer's experience goes, compactness in dolo­
mites cannot safely be used as a criterion of either chemical 
deposition or contemporaneous dolomitization, since many dolo­
inites known from their field relations to have been formed' by 
the alteration of limestone subsequent to its deposition show 
only very slight shrinkage effects. For instance, the 'dolomitic 
facies of the Centralbbwlder bed layer of the Elvins formation, 
near Elvins, Missouri, has a porosity of only .97 per cent al­
though it contains 16.18 per cent of MgCOa• The pore space 
of the limestone facies of the same layer amounts to .20 per 
cent. Again a compact fine-grained limestone from the Saint 
Louis at Alton, Illinois, has a porosity of 1.3 per cent, while 
its dolomitized equivalent in the same layer, containing 32.39 
per cent of MgCOa, has a pore space of only 4.24 per cent, and 
many other known secondary dolomites are equally compact. 
Furthermore, certain dolomites believed to be , of clastic origin 
are very compact. The upper Silurian waterlimes of New 
York state, which are most satisfactorily explained as clastic 
deposits, are frequently extremely dense. Compactness, there­
fore, is not a reliable criterion of origin, and this feature can­
not be regarded as favorable to the theory of chemical precipi­
tation of dolomite. 

The Preservation of Detailed Structure3.-Most dolomites 
which have been interpreted as secondary after limestone ex­
hibit many signs of obliteration of the original structures of the 
rock, and the inference naturally follows that the dolomites 
in which these structures are preserved are primary. Loretz1S4 

for this reason was led to favor the chemical theory of origin 
for the dolomites of southern Tyrol, which exhibit' fine and 
" 1B3Bull. ·Geol. 'SOC . America, Vol. 24,' 1913, p . 62l. 

'''See ante, p . 266. 
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detailed structures. Here again, however, the evidence must 
be regarded as uncertain, since some secondary dolomites still 
retain these. The Anamosa dolomite of northeastern Iowa, 
which unquestionably is an alteration product, as shown by its ' 
associa tion with dolomitized coral reefs, still frequently pre­
serves fine ribbon stratification along which the rock readily 
cleaves. Examples of dolomitized corals 'and other organisms 
in which the structures are more or less faithfully preserved 
are also known. 

Moreover, dolomites of clastic origin may exhibit no oblitera­
tioneffects, and these may possess fine stratification. This 
feature, therefore, cannot be regarded as important in inter­
preting the history of dolomites. 

The Paucity of Organic Remains.-The paucity of organic re­
mains in some of the more ancient dolomites is sometimes pos­
tulated as evidence of their chemical deposition under condi­
tions unfavorable · to the existence of life, due i.o the excessive 
concentration of the sea-water or to some other cause. But it 
should be pointed out that to advocate this view would be to 
oppose in a measure the arguments of the strongest supporters 
of the chemical theory themselves, for (NH4)~003 generated 
by the decay of organisms is regarded by them as the precipitat­
ing agent of the carbonates of calcium and magnesium entering 
into the dolomite. 

On the whole, this feature cannot be regarded as throwing 
much light on the problem, since in the first place many of the 
ancient limestones, low in magnesium, are also nearly barren of 
fossils, and in the second because in many instances in which 
fossils were present they were very much obscured, if not wholly 
obliterated, by the dolomitization of the limestone. 

Great Thickness.-Since it seems improbable that the dol­
omitization of a thick limestone subsequent to its deposition 
could affect more than the upper portion of the formation, it 
might be contended that deposits of dolomite aggregating sev­
eral hundred or even several thousand feet in thickness were 
laid doWn directly. Oertain of the Oambro-Ordovician dolo­
mites of the Appalachian regiop. are reported to attain a great 
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thickness and this argument might well apply to them. But ie 
it could be shown that dolomite might be formed by the pro- . 
gressive alteration of limestone during its deposition, this argu-

. ment would lose much of its weight. Both Skeats185 and Black­
welder186 have regarded this method of dolomitization as pos­
sible. Thus, Skeats holds that the Schlern dolomite of southern 
Tyrol, which is 3000 feet thick, and which nearly all agree is a 
great dolomitized coral reef, was formed by a progressive altera­
tiim which kept pace with slow subsidence. The Bi2"horn dolo­
mite, for which Blackwelder ' advocates the progressive altera­
tion theory, attains a maximum thickness of 300 feet. 

The Relation of Dolomite to Limestone.-Sever.al instances 
are known where the upper portion of a formation is repre­
sented by dolomite and the lower portion by limestone. and 
this might be interpreted as having resulted from the chemical 
precipitation of both species, during which the calcium car~ 
bonate came down first because of its greater insolubility,' and 
later calcium carbonate and magnesium carbonate mingled were 
deposited, as the solutions became more concentrated. To 
Petzholdt1S1 this seemed the most plausible explanation of such 
relations in the Tyrol, but later workers have shown that the 
dolomites of this region must be regarded as secondary. . 

Moreover, the evidence is all in favor of the view that the 
same relations in other formations have been produced by 
downward dolomitization. In all such exampies known to :the 
writer the boundary between the dolomite and the underlying 
limestone is so wavy and irregular as to preclude the view that 
the relationship is original. 

THE ORGANIC THEORY. 

In support of the organic theory of the orIgIn of dolomite 
several facts may be brought to bear. These are: 

1. The existence of dolomitic worm castings and fucoidlike 
markings in limestones. 

2. The occurrence of differEmt faunules in the. limestone and 
dolomlte in some cases of interbedding. 

18'See ante, p . 282. 
180See ante, p. 284. 
'''See ante, p. 265. 
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3. The power of some organisms to secrete MgOOa. 

4. The depositio~ of MgOOa through the agency of algae. 

Dolomitic Worm Ca'stings and Fucoids in Limestones.-ln 
1907 Peach and Horne188 reported the presence of dolomitic ' 
worm castings in the S.ailmohr and . Oroisaphuill groups of the 
Northwest Highlands of Scotland, and suggested that their dolo­
mitic character was due either to the fact that "the worms 
were selective as to their food or that their gastric juices had ' 
the effect of predisposing the casts to be dolomitized under the 
influence of magnesian solutions more readily than the sur~ 
rounding mud." Still more recently; R. O. Wallace189 has de~ 
scribed dolomitic fucoid-like markings in certain Ordovician 
limestones in Manitoba. He was led to conclude after careful I 

study that this relationship had resulted from a process of 
local replacement produced by the _magnesia contained in algae' 
which were imbedded in the limestone at the time it was de­
posited. 

The writer has observed several occurrences of limestones 
mottled and streaked with dolomitic areas similar to those de­
scribed by Peach and Horne and by Wallace. But in all of these 
the phenomenon could be satisfactorily explained only upon the 
basis of selective dolomitization, since the evidence favored the 
view that the magnesium was introduced after . the limestone 
was formed. This feature, therefore, cannot be regarded as 
having a direct bearing on the organic theory of dolomite 
formation. 

Influence of Organisms in the Production of Interbedding.­
At least one instance is known where the dolomite and limestone 
layers of an interbedded series bear different faunules, and this · 
suggests that organisms may have had some influence in the 
production of this phenomenon. Thus', Von Bibra190 states that 
in Franconia marly layers containing as much as 44.8 per cent 
of Mg003 and bearing fossil molluscs alternate with unaltered 
shelly limes~one containing on the average only 1.5 per cent 
of Mg003 and whose fossil remains consist chiefly of .:fish. 

18' The Geological Structure of the Northwest Highlands of Scotland: Mem . Geol. 
Survey Great Britain, 1907, pp. S66 and 879. . 

181ISee ante, P. 271. 
1"Clted by Bischof, Elements of Chemical and Physical Geology, English trans­

. latlon, Vol. 3, 1859, p. 181. 
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Bischof,l9l in commenting on this occurrenc'e, remarks that 
"altered conditions of animal life in the ocean appear, there­
f9re, to, have taken, place during the . deposition of these different 
l!lyer:s, . and this is not 9Pposed to. the opinion, that they have . 
been produced by organic action.' ~ But after further discussion, 
the conclusion is reache<;l by him that the' high magnesia content 
of the marly layers has, resulted either from leaching out of 
the lime or from later introduction' of magnesia, and this. ex­
planation seems most logical. The selective dolomitiz~tion of 
the marly.layers might be accounted for readily on t.he s.up­
position that they were' ~ore readily affected than the lime­
stone because of their fin.e-grained character. It must be re­
garded ~s possible also that the organic remains of the marly 
layers exercised a sel~ctive influence during dolomitization. 

l'he Deposition of 1I1g003 through the Agency of Algae.­
The power of algae to deposit CaCOs and to build up deposits 
of travertine about springs is well' known, and that MgCOs call 
be deposited with the lime to a limited extent under these cir­
cumstances has been shown by .the studies of Ludwig and Theo­
bald,192 but whether such low plant forms have ever actively 
cieposited MgCOs in the sea to an important exte:p.t, as suggested 
by these investigators, remains an open question. The fact that 

. Ip.odeI'I!- marine calcareous oozes are almost invari~bly very low 
ip. this constituent WQuid suggest that they have not played an . 
iJllportant part in dolomite-building. But more evidence is 
needed on this point. 

The Power of Some .Drganismsto .secrete 1I1g003.-That 
certain marine .organisms have the power of secreting consider­
able magnesium along with the lime was early shown by Forch­
hammer93 and Damour94. Hogbom195 in 1894 also emphasized 
the fact that certain . calcareous algae secrete much magnesia. 
A table of fourteen analyses presented by him shows the com­
position of , a. number of species of Lithothamniuni collected 

. . 
from many different se.as. The MgCOs content in these ranges 
from a minimum of 1,95 ,per cent to a maximum of 13.19, with .a 
g~neral 'average of 8.17 .p~r cent. 

"'Idem., p. 181. 
'·'See ante, p. 270 • 

. '··See ·ante, p. 270. ' 
lO·See ante, p. 270. 
-Neues Jahrb., Vol. 1, 1894, p. 272. 



.. 
. ANALX,S.ES OF CRINOID SKELETONS 327 

, 
More recently Biitschlp9G has summarized very exhaustively 

the results of all known analyses of the caicareous skeletons 
of marine organisms. He found in general that ,the for~s ;hich 
secrete considerable MgCOa are those which build calcite skele­
tons, while the aragonite-secreting 'forms are rarely found to 
contain more than 1 per cent of this constituent. ' , 

The maximum percentage of MgO.oa for each of the various 
groups .as shown by Biitschli's tables is as follows: . Algae 
16.99; Protozoa 12.52; Spongire 6.84; .octacoralla 9.38; Hexacor-, 
alIa 0.62; Hydrozoa 0~97; Vermes 7.64; Asteroidea 9.36; Echino­
idea 8.53; Holothuroidea 12.10; Bryozoa 4.66; Brachiopoda 3A; 
Pelecypoda 1.0; Gastropoda 1.31; Cephalopoda 5.08; Arthopoda 
1.38. 

Bii.tschli, as will be observed, does not list any analyses of 
recent crinoid skeletons, but several such analyses are now on 
record. Thus, Nichols197 in 1906, reported 11.72 per cent of ' 
MgC.oa in the skeleton of Metacrinus rodundtts from Japan, and 
A. H. Clarke198 shortly after found abundant magnesium in this 
same species and in one other. A much more elaborate series of 
analyses of crinoid skeletons, however, are furnished by F. W. 
Clarke and W. C. Wheeler.1D9 All the recent forms analyzed 
were found to possess a high percentage of magnesia. Thus, 
the analysis of nineteen species, representing as many genera, 
collected from widely different localities, which include great 
variation in depth, temperature, and salinity, showed, when the 
results were recalculated to eliminate the organic matteT, an 
MgCOa content ranging from 7.86 to 12.69 per cent. ' The pro­
portion of magnesium was found to decrease with depth and 
with decrease in temperature, but the cause of this relation is 
not known . . 

. The analysis of ten fossil species of crinoids ranging in age 
from the Lower .ordovician to the Eocene, however, failed to 
show an important proportion of MgC.os for all but one. En­
crim~s liliiformis (Lam.) from the Triassic of Braunschweig, 
Germany, the stem of which bore 20.23 per cent of MgCO~, 

1DOAbh , .Gottinger Akad, Vol. VI, No.3, 1908, p. 90. 
1O'FIeld Columbian Museum, Geol. series, Vol. 3, 1906, p. 49. 
"BU. S. Nat. Mus, Proc., Vol. .39, 1911, p. 487. 
"·Prof. Paper U. S. Geol. Survey No. OOD, 1914, p. 33. 
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yielq.eq. ' less than 3 per cent of this constituent. This contrast 
,in the compos~t~on of recent .and fossil crinoids is difficult to 
explain. Clarke and. Wheeler state that ' it is possible that the 
ancient crinoids were deficient in magnesium, 'but they believe 
is more probable that the low magnesium content of these has 
resulted from lo'ss due to subsequent alteration, "perhaps to 
the infiltration of calcium carbonate." 

A study of the foregoing sUmmary of analyses of marine 
invertebrates will readily show the inadequacy of these or­
ganisms in themselves to build a dolomite, It should be r e­
called that the magnesium content listed is the maximum one m 
each case except in the crinoids, and that the great majority of 
the species of €ach group show a much smaller amount of this 
constituent. The rather high magnesium content of some forms 
then would be greatly diluted in a limestone deposit. by the 
presence of forms low in magnesium. Probably in most cases 
forms low in magnesium would greatly predominate in a given 
deposit, but it is well known that certain calcareous algae, such 
as Lithothamnium, are the principal lime secretors in some 
modern coral reefs, and it is conceivable that reefs built large- , 
ly by these forms might bear from the first several per cen1; 
of MgOOs. 

The possibility that recent crinoids might build a magnesian 
limestone directly is suggested by the high magnesium content 
of these. But no eVIdence has yet been found in support of the 
view that the Paleozoic crinoids have built such a limestone. 
Oertain horizons in the Burlington and Keokuk limestones of 
southeastern Iowa are literally filled with crinoid remains, yet 
these have been shown by analyses made for the writer to be 
nearly free from magnesiumexc€rpt in the lower portion of the 
Burlington, which has been dolornitized locally. The accom­
panying analysis200 is of a sample of crinoidal Burlington lime­
stone from Morning Sun, Iowa. 

Per cent 
SiO. .... . . ... . .... . . ... .... .. . . . .. . . . . ... . .. . .. .... . . .. 2.0S 
Fe,O" . . . . ... . . .. ..... . . . .. . .. ... .. . . .. . .... . . . .. . ....• 0.S4 
AI,O, .... . . . ... .. . .... ... ... .. .. . . . .. . .. . . . . . . . ... . .. . i .S2 
CaCO, . .. . . . . . . . . . . . .. . . ... . .. .. . . . .. . .. . ... . : . . . ..... 94.59 
MgCO, ' . . . . .. . , ... . .... . . .. . ...... ... .. ... . . .... .. . . . . . ' '1.19 . 

- - - -
"""Prof. ' A . W. Hixson, analyst. 
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Considering all the evidence, it seems improbable that marine 
organisms play an important role in dolomite-building in the 
modern seas, and unless we assume as Nichols201 has ' suggested 
that the Paleozoic forms secreted dolomitic skeletons, we ' must 
conclude that they have not played ' an important role in the 
past. But Nichols' suggestion has no foundation in fact, since 
the experience of paleontologists is that unaltered carbonate 
skeletons of Paleozoic'invertebrlttes consist of calcite and never 
of dolomite. 

THE CLASTIC THEORY. 

Several attempts have been made to apply the elastic theory 
of dolomite formation, and there is some reason for believing 
that this will hold in certain instances. Some of the facts which 
lend support to this view are: 

1. The intimate association of some dolomites with clastic 
sediments . . 

2. The high siliceous and argillaceous content of some dolo­
mites. 

3. The calcareous fossils' and thin seams of limestone in­
cluded in soine impure dolomites show no signs of alteration. 

4. The lack of obliteration and shrinkage effects III som~ 

dolomites. 

5. The interbedding of limestone and dolomite. 

The Association of Dolomite with Clastic Sediments.-When 
dolomite is intimately as.sociated with sandstone and shale, 
which are both clastic, the assumption might be made that the 
dolomite also is clastic. Phillipi202 has advocated this method 
of origin for certain dolomite beds associated with clastic sedi­
ments in the Muschelkalk of Germany. But this is, from the 
nature. of the case, difficult to prove, since it might be contended 
also that such dolomites represent chemical deposits, or have 
resulted from the alteration of limestone. As regards the first 
of these possibilities, it is difficult to conceive of dolomite be­
ing deposited chemically under these .conditions. But there 

201See ante, p . 271. 
mSee ante, p. 274. 
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could ,be no' valid objection to the last contention. Indeed, the 
writer has found thin layers of dolomite in the Warsaw- shales 
at Warsaw, Illinois, which must be sec.o~dary', as shown by t,he 
fact that they locally grade laterally into limestone only partly 
i{ at an dolomitized. Moreover, some of the best. known ex-' 
amples of dolomites, examples which exhibit many of the ch,ar­
acteristics of clastic deposits, are not associated with sandstone 
or shale but rather with limestone. 

When, however, the dolomite associated with shale and sand­
stone is impure and is seen to merge laterally into shale or 
into pure limestone showing no alteration .€ffects, the evidence 
of. its clastic origin is much stronger. Certain impure dolo­
mitic limestones in' the Keokuk formation of southeastern Iowa 
exhibit these relations and are ' believed for this as well as 
other reasons to represent clastic deposits. 

High Siliceous and Argillaceous Content. Since it is believed 
by those who uphold the clastic theory that the dolomitic. sedi­
ments are derived from the residuum of older limestones, we 
should expect clastic dolomites to be high not only in magnesia, 
but also in insoluble impurities. But high siliceous and argil­
laceous content in dolomites is in itself not a reliable indication 
of their clastic origin, since many limestones also are high in 
these constituents, and dolomiti.zation of these would .give rise 
to an impure dolomite. Moreover,:in many instances silica 
has been introduced int'o dolomites subsequently ·to their forma­
tion, and this must always be taken into account. This criterion, 
therefore, can be used safely only in conjunction with several 
others. 

Unaltered Fossils and Thin Limestone Seams.-In all ex,· 
amples known to the writer in which fragments of calcareouEi 
fossils and thin limestone seams appear in dolomites of known 
secondary origin, these ' invariably show signs of corrosion or 
of imperfect dolomitization. -When, therefore, these are well 
preserved in dolomite and show no signs of alteration even 
under the microscope, the conclusion is at once suggested that 
the latter are original. This would apply especially well in the 
case of those dolomit.es which are impute and grade locally into 
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clastic sediments. Certain dolomitic limestones of. the Keokuk 
formation pf southeastern Iowa exhibit all th.ese relationships. , 

Lack of Obliteration and Shrinkage Effects.--.:...That these fea­
tures cannot be applied indiscriminately in interpreting the 
history of dolomites has been pointed out. Some dolomites 
known to be secondary after limestone locally show little or no 
trace of obliteration and shrinkage (lffects, but it is s.eldom 
that a secondary dolomite exhibits these features ,either through­
out its thickness or over wide areas. When they are consi~tent­
ly wanting, therefore, some support is lent to the view that the 
dolomite is primary, but even then this criterion should be 
employed guardedly, since it has not bee:q disproven that some 
stratified dolomites are primary chemical precipitates. . But 
where dolomites exhibit several other features suggestive of 
their clastic origin, the absence of obliteration and Shrinkage 
phenomena must be regarded as lending still stronger evidence 
of their having been formed in this manner. 

The Interbedding of Lirnestone and Dolornite.---;As previous­
ly shown, the interbedding of limestone and dolomite .. is most 
easily explained upon the basis of primary difference in the 
materials deposited, and many geologists who have expressed 
themselves on this subject have adopted the chemical theory as 
furnishing the most satisfactory explanation of .the phenomenon. 
But Lesley203 has advocated the clastic theory of origin for the 
interbedded series of limestone and dolomite in the "Calcif­
erous" near Harrisburg, pennsylvania, and Grabau2,o4holds, that 
it will apply in many cases of in~rbedding. 

Regarding the value of this criterion, the experience of 
the writer is that it should be applied with care, since' selective 
dolomitization and related phenomena may give rise to a pseudo­
interbedding of limestone and dolomite which can be distin­
guished from true interbedding only by careful study. . For 
instance the interbedding of limestone and dolomite 'described 
by Lesley as existing in the" Calciferous" appears t'o have re­
sulted entirely from dolomitization. 'rhis. i~ clearly indicated 

""See ante, p . 272. 
"'Prlnciples of Stratigraphy, 1913, p. 700. 
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by the fact that some of the dolomite layers pass abruptly 
. into limestone wh~n followed along the dip, and by the fact 
that many of the . interbedded layers of limestone are m·ottled 
and streaked with patches of dolomite. Furthermore the boun-. , , 
daries of the dolomite layers frequently do not coincide with 
the bedding planes, but are wavy and unduiating. 

It must also be regarded as possible that some cases of in­
terbedding' have resulted from progressive dolomitizlltion of 
certain beds during deposition. The dolomite of th·e "Lower 
Buff Be~s" of the Upper Mississippi Valley was doubtless 
formed in this manner. This member of the Platteville main­
tains a thickness of approximately fifteen feet over hundreds of 
square miles and is directly overlain by compact limestones. 
That it represents an alteration product is clearly indicated by 
the occasional presence of small remnants of limestone within 
its mass. 

It must also be regarded as possible that some interbedded 
limestones and dolomites represent chemical deposits, and for 
this reason also interbedding is not a reliable .indication of 
clastic deposition . . When, however, the 'dolomite layers bear 
considerable slliceous impurity and grade laterally into shale 
on the one hand and into limestone on the other by transitional 
stages in which interfingering is developed, the evidence is 
strongly in favor of their being clastic. Especially is thiE\ true 
if fossil fragments and thin limestone seams in the dolomite 
show no signs of 'alteration under the microscope. There are 
several examples known to · the writer which exhibit these rela­
tions. The most notable of these is faund in the Keokuk forma­
tion at Ke'okuk, Iqwa. At two horizons in the section, separated 
by an int~rval of about twenty-five feet, beds of ash-colored, fine­
grained, siliceous, dolomitic limestone appear. The lowermost 
of these averages about six feet in thickness, while the upper 
one is about fifteen feet thick. The remarkable geodes for which 
this locality is famous come mainly from these ,two beds. 

The results of an in·complete analysis of the upper bed made 
by the writer are given below. 
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Per cent 
Insoluble matter .................................... .. 33.8 

. Fe.03 and AI.O. ..................... .. . ... ............ 2.8 
CaCO, .. .... ....... ....... . ... . . . . . . . . . . . . . . . . . . . . . . . .. 39.99 
MgCO, .... .. ... ........ .......... .......... ..... . .... 12.50 
Moisture and carbonaceous matter ... . ................ 7.70 
Undetermined . .. ... ...... ................. .. ......... 3.21 

100.0Q 

In general these dolomitic members of the Keokuk maintain 
their individuality over wide areas, and the upper member is 
traceable over an area several hundred square miles in extent. 
But locally they merge wholly or in part into argillaceous shale 
or fossiliferous limestone, and the transitions are characterized 
by an intimate interfingering of the shale and dolomitic lime­
stone on the one hand and fossiliferous limestone anq. unfossilif­
erous dolomitic limestone on the other. The transition into pure 
limestone is entirely a physical one resulting from original dif­
ferences ih sedimentation, since not the slightest evidence of 
dolomitization is to be found in the limestone. 

Very nearly the same relations as described above are shown 
by the Warsaw formation in Ste. Genevieve county, Missouri. 
This formation attains a thickness of approximately 120 feet 
in this region, and the upper one-half consists of fine-grained, 
impure, siliceous, dolomitic limestone, with a few rare, thin 
layers of bluish, coarse-grained, fossiliferous liIp.estone in the 
upper portion. An exposure in the west bluff of the Mississippi 
river one mile below Clement, Missouri, exhibits the character, 
of this portion clearly. The succession here is as follows: 

Feet Inches 
Limestone, gray, medium-grained, slightly. OOlitic ; the lowermost 

portion ' of the SaJem (exposed) . .... . .... ........... ... .. . 5± 
Limestone, soft, buff, impure, dolomitic, contact with bed above 

regular and even, no fossils noted ......... .. .......... . ... . 5 10 
Limestone, gray, medium-grained, fossiliferous, weathering into 

thin lay~rs .. ................................. . ....... .. . . 2 3 
Limestone, soft, buff, impure, dolomitic, no fossils noted .. .... . 5 8 
Limestone, gray; medium-grained, rather thinly bedded, fos· 

siliferous ............ ... . ........ .... .... ..... . .. ..... , .. 2 9 
Limestone, ash-colored, fine-grained, impure, dolomitic, sparsely 

fossiliferous ........ . ....................... ... .. .. .....•. 31 6 
Clay, soft, plastic, weathering yellowish, fossiliferous ..... . ... . 6 
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The pure limestone layers are sharply and regularly inter­
bedded with the dolomitic ones over wide areas, and show no 
trace of alteration. Furthermore, the calcareous fossils of 
the dolomite are perfectly preserved. 

The Upper Silurian waterlimes of New York state also ex­
hibit many of the earmarks of clastic deposits and Grabau205 

in fact has advocated their clastic . origin. These waterlimes 
consist of dark, fine-grained, compact, siliceous, dolomitic lime­
stones bearing on the average 20 to 26 per cent of MgCOs• In 
the eastern part of the state these waterlimes are interbedded 
with gray, compact, fossiliferous limestones, and yet the con­
tacts are sharp and regular and continuous over wide areas. 
These interbedding relations are excellently shown in the region 
about Rosendale, where the waterlimes were formerly exten­
sively quarried for the manufacture of natural cement. 

II. Evidence Bearing on the Alteration Theories. 

The field evidence. furnishes a mass of data favorable to 
the alteration theories of the origin of dolomite, but it will 
not in itself always indicate the conditions under which the 
alteration was effected. Thus, it is not possible to say in 'all 
cases whether the dolomitization took place while the limestone 
was still beneath the sea, through the agency of sea water, or 
after its emergence, through the agency of ground water. The 
evidence which may be introduced in favor of the alteration 
theories may be classified first, as that inherent in the dolo­
mites themselves, and second, that based on the association of 
limestone and dolomite. 

Inherent Evidence. 

(1) Dolomite pseudomorphs after calcite. 
(2) The great range in composition of the stratified 

dolomites. 
(3) Dolomitized coral reefs. 
(4) Dolomitized fossils in dolomites. 
(5) Dolomitized oolites. 
(6) Obliteration and shrinkage effects. 

"'Bull. Geol. Soc. America, Vol. 24, 1913. p. 399. 
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(7) The association of' gypsum with some dolomites. 

Evidence Based on the Association of Limestone and 
Dolomite. 

(8) V ein dolomites. 
(9 Y Mottled limestones. 

(10) R~mnants,of limestone in dolomite. 
(11) Nests of dolomite in limestone. 
(12) Irregular contacts of limestone and dolomite. 
(13) The lateral gradation of dolomite into limestone. 
(14) Pseudo-interstratification effects., 

IINHERENT EVIDENCE. 

Dolomite Pseudomorphs.-Dolomite pseudomorphs after cal­
cite are not uncommon. Several occurrences of such pseu~o­
morphs were reported long ago by Blum206 and many more have 
since been described by Haidinger207 and others. These can 
only have been formed by the substitution of MgCOs for a por­
tion of the CaCOs of calcite crystals. Here, then, the validity 
of the alteration theory is established, and the replacement of 
limestone by magnesia on a much larger scale must be regarded 
as not only possible but highly probable . 
. Rang'e in Composition.-As has been shown, there is· every 
gradation in the MgOOs . content of limestone, from pure lime­
stone free from this constituent, on the one hand, to 'dolomite 
with an excesS of M.gCOs on the other (see Table II, p. 260). 
This .great range in composition surely would not characterize 
a chemical deposit, nor can it be satisfactorily explained upon 
the basis of the clastic or leaching theories, because of the free­
dom of most dolomitic limestones from considerable insoluble 
impurities. When we consider that the alteration theory will 
allow all degrees of replacement of limestone by magnesia the 
phenomenon is readily explainable. The variable composition 
of the dolomitic limestones as a whole, therefore speaks strongly 
for their secondary origin . 

. Dolomitized Coral R eefs.-The .existence· of both recent and 
fossil dolomitized coral reefs indicates the possible operation 

"'Cited by Bischof, Elements of Chemical and Physical Geology, English transla­
tion, Vol. 3, 1859, p. 165. 

"'Trans. Roy. Soc. Edinburgh, 1827, p. 36. 
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of dolomitization on a large scale. Many examples of recent 
or near recent dolomitized coral reefs exist in the coral islands 
of the southern Pacific as shown by the work of Dana,20S 
Skeats/o9 and others, and Branner210 has reported the presence 
of a dolomitic reef rock in the old stone reefs of Brazil. These 
can have resulted only from the alteration of the calcareous 
skeletons of corals and other organisms of the reef. When, 
therefore, dolomitized coral reefs are found in the ancient dolo­
mites, these dolomites can have had no other than a secondary 
orlgm. The most notable examples of fossil coral reefs now 
represented by dolomite are found in the Niagaran of Iowa 
and "Wisconsin arid in the great Schlern dolomite of Southern 
Tyrol. 

Dolornitized Fossils.-When fQssils which are known to have 
been originally calcareous are found to be represented by dolo­
mite in dolomitic formations it is difficult to avoid the conclu­
sion that these formations hav~ resulted from the replacement 
of limestone. Instances where the skeletons of organisms are 
replaced by dolomite are not common, since the fossils are 
usually represented by molds in dolomites .. " The problematic 
fossil Oryptozoan, however, has been found to be represented 
by dolomite in several instances. In the Shakopee dolomite of 
the Upper ' Mississippi Valley dolomitized remains of this or­
ganism are sometimes met with. They have likewise been 
observed in the Allentown dolomite near Allentown, Pennsyl­
vania; in the Little "Falls dolomite at Little Falls, New York; 
and in the Joachim dolomite near Bloomsdale, Missouri. Dolo­
mitized corals are also occasionally found in dolomites. These 
are not uncommon In certain dolomit~ beds of the Oedar Valley 
limestone at Fairport, Iowa, and they appear also in the Lock­
port dolomite at Niagara Falls, New York. 

Altered Oolites.-It has been our experience that calcareou~ 
oolites, when formed, con1jist of pure, or nearly pure calcium 
carbonate. Where, therefore, oolite beds in the midst of dolo­
mite formations are composed of dolomite, the inference is 
that both the dolomitic oolite ~nd the rock inclosing it have 

2O'Am . .Jour. SeL, Vol. 45, 1843, p. 120. 
"'.Bull. Mus. Comp o Zool.. Vol. 42, 1903, p . 53. 
%lOIdem . , Vol. 44, 1904, p. 265 . 

.. 
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resulted from dolomitization, and where the oolite is only partly 
changed to dolomite, and so shows unquestionably that it was· 
originally calcareous, · the evidence in favor of dolo,mitization 
must be regarded as positive. In the course of the writer's 
studies several oolites have been found in the midst of dolo­
mites, and strangely enough, these have been for the most part 
only partly altered, although the inclosing rock is uniformly 
dolomitized. The details of the alteration of these oolites will 
be considered in the ~ection on the petrographic evidence. 

Imperfectly altered oolite beds occurring in' association with 
dolomite are found in the Elbrook limestone at West Waynes­
boro, Pennsylvania; . in the Elvins formation at Elvins, Mis­
souri; in the Allentown limestone near South Bethlehem, Penn­
sylvania; in the Hoyt limestone near Saratoga Springs, New 
York; in the basal portion of the Oneota dolomite at McGregor, 
Iowa; in the Tribes Hill limestone at Canajoharie, New York; 
and in the Monroe dolomites near Sylvania, Ohio. 

Obliteration and Shrinkage Effects.-The massive and all but 
structureless character of some dolomites has frequently been 
remarked upon,and there can be little doubt that in many in­
stances this massive character was taken on at the time of 
dolomitization, as the bedding planes of the original thinly­
bedded limestone were largely obliterated by the welding which 
accompanied the recrystallization induced by dolomitization. 
Thus, in the Gale:o.a limestone of Clayton county, Io,wa, which 
has suffered dolomitization locally, the limestone facies is thinly 
and distinctly stratified, but tp.e dolomitic facies is heavily 
bedded and the thick massive layers are separated by faint 
planes which are often indistinctly . shown even on weathered 
surfaces. The limestone and dolomite facies of the Niagaran in 
Delaware county, Iowa, exhibit similar differences. 

The obliteration of structures seems to have taken place 
typically where the dolomitization was accompanied by shrink­
age, i. e., where the alteration proceeded by molecular rather 
than by volume replacement. · Where the replacement is truly 
molecular the transformation of limestone to dolomite should 
be accompanied by a decrease In volume of about 12.1 per cent 

22 
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·as pointed out by Beaumont.211 Few of the massive dolomit.es 
which are known . to be secondary probably show as much 
shrinkage as this, but some of them are very vesicular and it 
is in these that the structures are most obliterated. 

While indications 6f obliteration of structures and of shrink­
age furnish. good evidence of the secondary origin of the dolo­
mites which exhibit them, it cannot be argued conversely that 
compact dolomites which exhibit no obliteration effects are 
original, for the replacement may sometimes take place after 
the law of equal volumes as enunciated by Lindgren,212 as shown 
by the fact that certain dolomites known from their field rela­
tions to be secondary after limestone fail to exhibit these 
feat.ures. One of the most notable examples of this method of 
replacement is found in the Saint· Louis limestone of south­
eastern Iowa. Freshly exposed surfaces of the dolomitic facies 
of this formation are frequently nearly or quite as thinly bedded 
as the limestone facies and no evide:p.ce of shrinkage is to be 
seen. The Allentown dolomite in the region about Allentown, 
Pennsylvania, also shows little or no sign of obliteration of 
structures or of shrinkage, yet its secondary origin is suggested 
by the fact that it contains both dolomitized oolites and skele­
tons of Cryptozoan. 

Some of the well known dolomites in which the writer has 
observed obliteration and shrinkage phenomena are: the Leiths­
ville dolomite at Allent.own, Pennsylvania; the Oneota and 
Shakopee dolomites of the Upper Mississippi Valley; the Little 
Falls dolomite of the Mohawk Valley, New York; the Galena, 
Fort Atkinson, and Niagaran dolomites of northeastern Iowa; 
the ~onneterre, Doerun, Derby and Potosi dolomites of the 
Ozark region; the Monroe dolomites of Michigan and Ohio; the 
Cedar Valley dolomites of eastern Iowa; and the Spergen dolo­
mites of southeastern Iowa and eastern Illinois. 

The Association of Gypsum and Dolomite.-When gypsum is 
found . occupying small pockets and filling shrinkage vugs ill 
dolomite the suggestion at once comes to mind that this gypsum 
represents a reaction product of dolomitization and was pro 

2USee an te, p. 286. 
212Econ . Geol., Vol. 7, 1912, p. 521. 

/ 
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duced by the action of MgS04 on limestone. Absolute proof of 
this is wanting, of course, since the exact 'time of the introduc­
tion of the gypsum cannot be determined. As a criterion of 
origin; then, the v:alue of this feature cannot be ,emphasized 
strongly. But taken in conjunction with other features it may 
serve to strengthen the evidence. 

Examples of gypsum occurring in association with dolomite 
are not common, and the . only case met with by the writer was 
found in the Lockport dolomite of the Niagara Falls region. 
Morlot,213 however, has described several other instances where 
dolomite and gypsum appear in intimate association . 

. EVIDENCE BASED ON THE ASSOCIATION OF LIMESTONE 
AND DOLOMITE. 

Yein Dolomites.-The development of dolomite along fissures 
in limestone furnishes positive evidence in favo·r of the altera­
tion theory, provided no signs of extensive leaching are shown. 
Probably most vein dolomites have' been produced through the 
agency of ground water circulating along the fissures, but there 

. is not general agreement on this point. 

Vein dolomites are of common occurrence. in the Lahn dis­
trict as pointed out by Klipstein,214 who early reported that in 
this region the dolomite not only traverses the limestone as 
distinct veins or dikes, but also is imbedded in it as nests and 
large irregular masses. Similar phenomena were later de­
scribed by Grandjean215 from the lower Lahn district. Accord­
ing to hiin the dolomite is developed here to the greatest extent 
where the limestone is most subject to the pe:p.etration of water. 

Other vein dolomites have been described in the same gen­
eral region by Von Strombeck and by Abich. Bischof216 sum­
marizes their observations as follows: 

Dyke-shaped masses of dolomite, generally in a vertical posi-. 
tion, were also observed in limestone by v. Strombeck and Abich 
at the I~ahlen-Berg, near Echte, between Gottingen and Bruns­
wick, and in the valley 'of Tramonte. At several places near 

21' Haidinger' s Naturw. Abh ., Vol. ·1, 1847, p; 3~. 
"'Cited by Bischof, Elements of Chemical and Physical Geology, English transla-

tion, Vol. 3, 1859, p. 185. . 
"'cited by Bischof. IdeJ'!l., p. 193 . 

. n8Idem .. · p. 185. • 
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the Lahn the do16inite intersects the limestone strata and 
spreads out over them like a roof six or eight feet thick. In 
some of these dikes the dolomite is very much decomposed 
and presents a striking contrast with the unaltered limestone 
adjoining. 

Similarly Harkness217 has described cases where dolomite ap­
pears to follow joints in the Carboniferous limestones in the 
district about Cork, Ireland. Local masses of dolomite in the 
limestone here assume courses in intimate agreement with the 
direction of the joints. "In some instances the line of the joint, 
when the joint is closed; forms the boundary between, the dolo­
mite and the ordinary limestone; the two distinct portions ter­
minating abruptly against the sides of the joint." Harkness 
concluded that the jointing was antecedent to dolomitization, 
but believed the alteration to have been effected by sea water. 

Vein dolomites have also been reported in the Carboniferous 
limestones of South Wales.218 In the country around Aber­
gavenny dolomitization is closely associated with ,faults, and 
the alteration effects die out on each side of these. It is sug­
gested that waters from the Coal Measures which are known to 
be high in magnesium and barium salts are responsible both for 
these dolomites and for the associated joints and crack infillings 
of barytes. 

Dixon219 likewise states that vein dolomites following fissures 
are of frequent occurrence in the Carboniferous limestone along 
the coast of So'uth Wales between Mumbles Head and Pwlldu. 
These were forme~ subsequent to pre-Triassic deformation, and 
are regarded as of Triassic age, and to have been caused by 
the downward percolation of water from the surface. The more 
continuous beds of dolomite in the formation must have been 
produced prior to the . disturbance. These ' he interprets as 
contemporaneous. The vein dolomites may be ' distinguished 
from the contemporaneous ones by the fact that they show 
"(1) larger average size and greater .clearness of the rhombo-

"'Quart. Jour. Geol. Soc . London, Vol. 15, 1858, ' p. 86. 
%18Strahon and Gibson and others. The Geology of the South Wales Coal Fields, 

Part 2 ; Mem. Geol. Survey, England and Wales, p. 33. 
"-'The Geology of the South Wales Coal Field, Part 8; Mem. Geol. Survey, Englan rl 

and Wales, 1907, p. 16. 
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hedra; (2) the inclusIon of helllatite; (3) the. association w~th 
calcification; (4) the preference of dolomitization for ooliths 
and corals." 

Whatever ' uncertainty may be entertained regarding the 
origin of tp.e foregoing vein dolomites, no doubt need exist re­
garding the manner of formation of those closely associat'ed 
with ore deposits. These can have been formed only through 

~the agen'cy of ground water . . Several such occurrences have 
been described. For instance, Bischof,220 quoting Coquand, 
states "that where the auriferous quartz veins of the gold mine 
La Gardette, extend from the gneiss into the Lias limestone, 
the latter is converted into black dolomite and bears auriferous 
galena; but, at a distance of a few centimeters, it is quite free 
from Jp.agnesia." 

Local dolomitization is also associated with the lead and zInc 
deposi ts of the Joplin districU21 "The ores are· invariably 
connected with dolomite either fresh or rotten, and reach side­
wise into the limestone only as far as the latter is dolomitic 
and crystalline." Somewhat related features are described by 
Spurr,222 who states that dolomite follows fractures and faults 
in the upper part of the Leadville formation in the Aspen dis­
trict, Colorado. The dolomitization effects gradually die. out 
on each side of the fissures, as shown by analyses. Dolomitiza­
tion is associated with the ore here as at Joplin. Spurr states 
that "the local dolomitization invariably accompanies the ore. 
Even when the latter is in blue limestone . there is usually a 
sort. of envelope of dolomite around it, which in turn is sur­
rounded by limestone." These vein dolomites cannot be dis­
tinguished from the associated contemporaneous dolomites 
microscopically, according to him. It would appear, therefore, 
that. Dixon's observations will not apply generally. The origin 
of the Aspen vein dolomites is ascribed to the action of hot 
springs such as those which still exist at Glenwood Springs 
nearby and which, according to his observations, are producing 
similar dolomitization ·effects today. More recently MichaeP23 

'''Elements of Chemical and PhYSical Geology, English translation. Vol. '3, 1859, 
p. ISO. 

'"'Schmidt, A., Trans. St. Louis Acad. Sci., Vol. 3; NO' , 2, 1875, p. 246 . 
"'Mono. U. S. Geol. Survey, Vol. 31" 1898, p. 208, ff. .. 
"'Zeitschr. Deutsch. geol. Gesell. Prot., Vol. 56, 19~4, p . 127. 
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has shown that dolomitization has followed closely certain lines 
of disturbance in the Mus~heIkalk beds near Tarnowitz and 

, eIS"ewhere. The phenom:enon is closely associated with min­
eralization here also, and the conclusion is reached that the 
alteration has been accomplished by ground water through the 
introduction of MgCOs 'and the ~emoval o~, CaCOs'. ' 

M,ottled Limestones.-Withi:n recent years sever;;tl 0 occul;'­
~ences of limestone mottled with patches of dolomite have been 
described and commented upon. These mottled limestones are 

' of two general types, Viz.: (1) those in which the dolomite 
pa~,ches follow worm castings or fucoid-like markings, and 
(2) those in which the dolomite patches exhibit irregular shapes 
and relations and show no guiding influence. These types of 
mottling will be referred to as organic and inorganic respec­
tively. Some attempt has been made to explain the first type, 
but the last has been only briefly mentioned. 

Dolomitic worm castings have been described by Peach and 
Horne224 from , the Croisaphuill group of the Northwest High­
l~:rids of Scotland. Their description is as follows: 
, Towards the base the beds consist chiefly of massive beds ,of 

dark grey limestone full of worm castings, which are now 
chiefly represented by dolomite, so that they stand out in 
mottled masses on the weathered surface of the rock, the lime­
stone matrix having yielded to solution more readily than the 
dolomite. Such rocks are highly fossiliferous, but where bands 
of granular dolomite make their appearance fossils are rarely 
met with. The IIfiddle portion is made up chiefly of unfos­
siliferous granular leaden-colored dolomite with a few light 
colored bands of limestone full of worm casts. The upper part, 
consisting of massive sheets of fossiliferous limestone full of 
worm casts preserved in dolomite, resembles the lower sub-

o division. ' 

Worm castings are also reported by these writers22 5 to occur 
in the underlying Sailmohr group. But this rock is uniformly 
dolomitic, and is described ' as a massive, crystalline, granular 
dolomite charged with dark worm castings in a grey matrix, 
'and known locally as the "leopard stone." The viewent.er­

, "'The Geological Structure of the Northwest Highlands of Scotland : Mem. 0 Ge~1. 
Survey, Great Britain, 1907, p. 379. 

"'Idem ., p . '3.66 . ' 
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tained by these writers as to the origin of the dolomitic worm 
I ,'. 

castings is made clear by the following quotation: " 
Thus up to the very top of the ,Cambrian series of Suther­

land and Ros,s impressive evidence is supplied by th~ abundance 
of worm casts that the rocks must have accumulated in the 
st~te of fine mud or ooze, probably derived mainly frOm the' 
minute organisms of the plankton. The fact that the worm casts 
iri the two upper groups of the series are for the most part 
preserved in dolomite while the matrix remains a limestone, 
suggests that either the worms were selective as to their food 
or that their gastric juices had the effect of predisposing the 
casts to be dolomitized unqer the influence of magnesian solu­
tions more readily than the surrounding material. 

R. C. Wallace,226 in a recent 'paper entitled "Pseudobreccia­
tion in Ordovician Limestones in Manitoba," also has described 
dolomitic markings suggestive of organisms in limestones. 
The succession of formations involved there is as follows: 

Feet 
Stony Mountain formation .......... . . , ... ,. ... . ..... .. . 190 
Upper mottled limestone . . . '. " ... , .. ... . . " .. , ... . "... 130 
Cat Head limestone (dolomiti c) . . . , , ....... . ..... , , , . . . . . 70 
Lower mottled limestone .... , ', ., .. , . . , . .. . . .. . . ,.. . .... 70 
Winnipeg sandstone , ... ', .. , . , , ... , . , . ' .. . , ... , , .... , . , . .. 1.00 

The. dolomitic markings manifest themselves as irregularly 
distributed darker areas which have their greatest linear extent 
along the bedding planes, where they exhibit a branching 
structure. They are characterized by a content of iron as well 
as of magnesia which is higher than that of the limestone, and 
with the exception of a few large shells are free from the fos~il 
fragments so numerous in the latter rock. Separate analyses 
o~ the dolomite and limestone areas yielded Wallace the follow­
ing results: 

SiO, . ............ . . , .. . . .. . ... ...... . 
Total iron as F e,O, ., . ... ... ....... .. . 
(FeO . . , . .. ....... .. . .. , ' .. , ... .. . .. . . 

AI,O, ..... ..... . ... .. , .. .. .. , . . ...... . 
CaC03 •• " • • • : , ••• ••• • •• , • • • ,' • • , , •• • , •• 

MgCO. . . ' .. . : . , . ; . , ... .. . . . ; .... . .. . , . 

Total ... ' . . . . .......... .. .... . ... . 
"6J our. Geol., Vol. 21, 1913, p. 402. 

LIGHT COLORED 

PER GENT 

1.56 
0.16 
0.12 
(}.06 

94,02 ' 
4.33 

100.13 

DARK COLORED 

PER CENT 

1.56 
1.94 
0.4&) 
2.27 

, 71,03 
23.35 

100:15 

' .: 
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As is shown by the · following statement, the view is en­
tertained . by Wallace that ~he mottling has resulted from 
alteration: 

A study of the margin of the darker areas leaves no doubt 
that we are dealing with secondary dolomitization. Although 
there is a. definite marginal line, it shows so sharp interpenetra­
tion of dolomitized and undolomitized material that it could 
have been caused only by the irregular advance of waters bear­
ing magnesian salts in solution. 

After carefully reviewing the whole subject of mottling, how­
ever, the conclusion is reached that a1gre imbedded in the rocks 
are responsible for the phenomenon, thus: 

There remains the hypothesis that the mottling is ~onnected 
with algic decomposition. Analyses· due to Goedechens show 
that the percentage of MgO in the ash of algre collected from 
the west coast o:f Scotland may reach 11.66. If, then, the algre 
of the sea bottom became buried under a thin coating of cal­
careous ooze before actual decomposition ensued, the liberated 
Mg salts might, in conjunction with· the sea water of fairly 
high Mg content, cause such increase of Mg ions locally as to 
give rise to actual dolomitization. Only from such organisms 
and allied types could the percentage of Mg salts be increased 
locally to any appreciable extent. There are certain structural 
features of the markings that lend some support to this view 
of the origin of the dolomitization. They are horizontally 
placed, are markedly dendritic, and the s-ections often show a 
darker core which might represent the actual position of the 
plant; while the magnesian waters, extending outward. from 
this central nucleus, have aff.ected the surrounding stone. 
Again, thin seqtions of the dolomitized areas occasionally show 
a narrow central tube of clear, well crystallized calcite, indi­
cating that a cavity had existed when the dolomitization took 
place and that this was subsequently infilled with calcite. Such 
cavities might be formed when, owing to decomposition, the 
organism disappeared. The hematite and limonite of the re­
crystallized dolomitic material would be attributed to the iron 
salts of the algre. 

It win be noted that Wallace emphasizes the importance of 
algre as contributqrs of magnesia to the dolomitizing solutions­
and there can be no doubt that certain algre do contain con­
siderable magnesia in their tissues. It. does not s.eem probable 
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to the writer, however, that th~s constituent would ever attain 
the proportion sufficient to dolo'mitize the surrounding lime-. 
stone to such a marked degree. 

I 

The data obtained in the course of'the writer's studies lead 
him to adopt an alternative hypothesis of origin for both the 
organic and inorganic types of mottling. Ail cases of mottling 
examined seem to be best explain.ed on the assumption that the 
ma,gnesia was introduced from without and that the mottling 
has resulted from the selective replacement of fucoids in the 
one case and from the spreading out of the alteration from cer­
tain favorable centers in the rock in the other. Consistent with 
this view are the following facts: 

(1) The existence of unaltered fucoid-marhlngs containing 
less than. two per cent of MgOOa in association with 
dolomitic ones. 

(2) The association of both types of mottling with dolo­
mite seams and other 'evidences of imperfect 
dolomitization. 

(3) The gradation of mottled beds into beds which are 
uniformly dolomitic, both laterally and vertically. 

(4) The existence of every grR.dation between limestone 
showing incipient mottling and true dolomite. . 

Thus. it appears that mottling represents merely an incipient 
stage in the process of dolomitization, and it is believed that 
many dolomites have passed through such a 'stage in the 
progress of their formation: Here, then, we have a clue to the 
origin of all those masses of dolomite with which such mottling 
is associated. 

EXAMPLES OF MOTTLED LIMESTONES. 

Many examples of mottled limestones associated with dolo­
mite . have been met with in the course of this investigation. 
These will be described as far as possible in the order of their 
geologic age. . . 
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The Elbrook Formation.-The limestones of the Elhrook for­
mation are commonly uniformly dolomitic, but mottled lime­
stones 'occur at several horizons in the vicinity of Waynesboro, 
Pennsylvania. A hand specimen, in the writer's collection, 
from the quarry located in the southwestern portion of the 
town, consists of fine-grained dark gray limestone with irregu~ 
lar wavy seams of fine-grained, lighter gray dolomite ranging 
from about 1 mm. to 12 mm., in thickness. These are approxi­
mately parallel to the stratification of the rock, but some of 
them extend across the stratification planes and invade the 
adjacent limestone layers. Under the microscope the dolomite 
seams are shown to possess no definite contact lines, but to 
grade .gradually into the limestone through transitional stages. 

Elvins Fonna,tion.-The Davis member of the Elvins group, 
of southeastern Missouri,exhibits mottling on a large scale. 
This member -attains a ' thickness of approximately 170 feet ac­
cording to the measurements of Buckley,221 and is both overlain 

, and underlain by extensive dolomite formations. Excellent 
facilities for studying these beds are afforded in the cuts of 
the Illinois Southern Railroad between the stations of Flat 
Riyer and Elvins. The upp.er sixty-three feet of the formation 
as developed here consists of dolomitic shales and limestones, 
w:b.il~ the remaining portion, with the exception of twenty-five 
feet' of dolomite at the base, is only imperfectly altered. In this 
part the thinly oedded limestones are streaked and blotched 
'with buff dolomite. The dolomite patches follow no , definite 
pat;tern, but typically form discontinuous streaks along the: 
stratification planes and irregular areas , within the limestone, 
layers. - At many points the alteration has proceeded so far 
tpat ,only small irregular remnants of limestone entirely sur­
rounded by dolomite remain. It seems probable that this 
mottled character ' was taken on by the Davis member at the 
time the overlying dolomites were formed, and that the dolo­
mitizing solutions not only were weakened by reaction with the 
lime.stone ab.qve, but, also were hindered in th~ir ;circulation by 
tb,e more impervious shaly , bedl=! in the upper portio;n of this 
me:qlber. ' . " , _ '", ' 

""Mo. Bur. Geol. and Mines, Vol. 9, part 1, 1908, p. 38. 
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The Beekmantown Limestone.-:-An .excellent- exhibition of 
mottling is shown by the' limestones associated with dolomite 
in the Tribes Hill member of the Beekmantown as it is de:Vel­
oped in the Mohawk Valley of New York state. Unu~ually good 
opportunity for studying the mottled stone of this formation 
is furnished in the abandoned quarries at Canajoharie ' and at 
Palatine Bridge. . . .' I 

By previous observers the significance of the mottled char­
acter of some of these beds seems not to have, been appreciated 
and the coarser-grained dolomitic patches have almost invari­

. ably been described as consisting of arenaceous material. 
As regards the details of the mottling, two main types may 

be recognized. These are: first, a ' mottling produced by the 
dolomitization of the limestone in an irregular and imperfect 
manner by alteration along stratification lines and in irregula:r 
patches; and, second, a mottling produced by a more regular 
and selective dolomitization along well directed lines and ap­
parently following fucoid markings in the limestone. In the latter 
type, the dolomite forms more or less cylindrical, branching 
pipes running in~iscriminately through the limestone but havipg 
their greatest linear extent along the bedding planes. The 
original outline of these, however, has been obscured ina nU)1l­
ber of instances by the spreading out of the dolomitization from 
them into the adjacent limestone. At some points both types 
of mottling are developed in the same layer and there a net 
work of dolomite streaks appears. In both types the local altera­
tion has been accompanied by incr,ease in size of grain and ,in 
both the dolomitic areas tend to stand out in relief as yellowish 
patches on weathered surfaces of the gray limestone. ! 

The relations of the mottled limestone are well shown iIi a 
large abandoned qua:rry situated about one-half mile west- of 
the station of Palatine Bridge along the New York Central and 
Hudson River railroad. The following section was measured at 
the east end of the opening: ' I , 
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FEET INCHES 

7. Limestone, conglomeratic, showing no visible signs of 
alteration ............. .. ..... .. . . .. . : ....... . ....... . 2-3 

6. Dolomite, brownish .......... . .. ... ............ . ....... .. . . 3 
5. Limestone, gray, compact, with dolomitic fucoid markings .. . . 8 
4. Limestone, dove-colored, compact; upper two-thirds with 

occasional discontinuous seams of dolomite; .lower one· 
third with dolomitic .fucoid markings ................. . 9 

3. Dolomite, brownish, bearing fucoid markings of a darker 
tint, and resembling the "leopard stone" ...... . .... . ... . 3-4 

2. Limestone, gray, compact, with dolomitic fucoid markings, . 
grading up into the dolomite above, through a transition 
zone 2 to 3 inches thick.. .. ...... ... . . .. . . .. .. . . . . . . . . . 8 

1. Limestone, gray, compact, grading up into the mottled rock 
above (exposed) .... .. .. . . .. ...... .. . .. . .. . .. .... . .. .. 2 

The contact of No.3 with the bed below is fair~y sharp and 
regular, but the contact with the bed above is much less regular, 
for near the middle of the quarry face the dolomite bed thickens 
greatly, mainly at the expense of the mottled zone in the lower 
part of No.4. Thus, No.3 and No.4 are each six and one-half 
feet thick here and the mottled zone at the ba,se of No. 4 is re­
duced fr'om three feet to one foot 

Samples of the mottl~d limestone, and of the uniformly dolo­
witized rock from bed No.3 have been analyzed by Prof. A. W. 
Hixson. The dolomitic and non-dolomitic areas of the mottled 
limestone were tested separately. 

LIMESTONE 

AREA 

PERCENT 

8102 •••• " •• ,." •• • ••• , ',. ,." ., .. . 2.90 
Fe.O. .., .,', .. . " . ,', .. ". ,",.,., . 1.43 
AI.O •........ , . . . , . , , , : . , . , . , , . , , . , . 3.87 
CaCO • ... ... , .... " . ,., .. , .... ,...... 84.49 
MgCO • . . , ... ". , .. , . . , ' , . . , . , .,' , .. . 5.81 

-----
Total. . .. . .. , . , , ... , , , . , .. , . , . . , , 98.50 

DOLOMITE 

AREA 

PERCENT 

9.28 
5,00 
7.28 

62.73 
15.01 

99.30 

DOLOMITE 

PERCENT 

2.82 
3.14 
6.40 

55.62 
32.60 

100.58 

Similar relations of mottled limestone to dolomite are shown 
.in the quarries at Canajoharie. In a small quarry a short dis­
tance west of the village a layer of · dolomite eighteen inches 
thick, overlain and underlain by mottled limestone, grades 
laterally into mottled limestone itself. Thi,s relationship is 
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again shown in an abandoned quarry in the eastern part of 
Canajoharie. At the top of tIlls quarry there appears a bed of 
mottled limestone six fe~t in thickness bounded above and be­
low by thin layers of 'conglomeratic and slightly oolitic lime­
stone which shows only incipient alteration of the matrix. Now 
the lower two feet of this mottled limestone member grades 
locally into a uniformly dolomitic rock through a transition 
zone only a few inches in extent. The gradation is accompanied 
by a gradual spreading out and enlargement of the dolomitic 
patches until they finally coalesce. Every stage, therefore, may 
be traced between a limestone with dolomitic fucoid markings 
to a uniform dolomite. There can be no escape from the con­
clusion that this mottled limestone represents an incipient stage 
in the process of dolomitization. 

Precisely the same sort of mottling is developed in division 
D of the Beekmantown in the Lake .Champlain region. A fine 
exposure of these mottled beds appears in tJ?e escarpment be­
low the walls of old Fort Ticonderoga. The succession here 
ftom above downwards is approximately as follow~: . 

6. Dolomite; dark gray, faint traces of fucoid markings show­
ing ' on weathered surfaces; upper portion bearing seams 
and reticulations of chert ... . ..... : .. . . .. ............ . 

5. Concealed .................... , ........................... . 
4. Limestone with pipes and reticulations of dolomite which 

stand out in relief on weathered surfaces .............. . 
3. Dolomite, dark gray, with thin siliceous seams ..... ' ....... : . 
2. Limestone, gray, fine-grained, with dolomitic fucoid markings 
1. Dolomite, dark gray, showing fucoid markings on weathered 

surfaces; some layers cherty, the chert following fracture 
lines, stratification lines, and to some extent the fucoid 

FEET 

12 
7 

4 
2 
2 

markings. Exposed ......... ... ..... ... ........ ... ..... 20 

INCHES 

4 
8 
6 

The iimestone beds here, in addition to bearing dolomitized 
fucoids, also bear numerous dolornitized tests of Ophileta and 
Orthoceras, although the li~estone matrix immediately adja­
cent is little if at all affected. Dolomite bed No.1, which ex­
hibits traces of fucoid.markings, doubtless itself passed through 
a mottled stage du,ring its formatioI). comparable to that now 
exhibited by beds No.2 and No.4, but for some unknown reaSOll 
it was altered more completely and more uniformly. 
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Other occurrences of mottled limestone, mainly of the fu­
coidal type, in ' association with dolomite, appear in divisions 
A and B of the Beekmantown at Shoreham, Vermont; in the 
Coplay limestone of Beekmantown age near Catasauqua, Penn­
sylvania; and in the Beekmantown at Staufferstown and at 
Harrisburg, Pennsylvania. 

The Chazy Limestone.-Mottling of both the organic and 
the inorganic types appears in the Chazy limestone in the Lake 
Champlain region. The fucoidal mottling is well developed in 
the limestone exposed near Shoreham, Vermont. An outcrop in 
a small hillock on the east side of the road about one-half mile 
north of Shoreham shows dolomitic fucoid-markings at several 
horizons, and in the higher beds the tests of Maclurea also are 
dolomitized. The matrix of the dolomite areas seems ~o be but 
little aff~cted, and the original outlines of the fucoid markings 
are well preserved. At one horizon in the lower beds dolomiti­
zation of the fucoids has been very imperfect and many of the 
markings are still preserved in ail unaltered condition. These 
are of a darker t.int than the limestone and can be distinguished 
from it with , little difficulty. In order to determine if possible 
the cause of the selective dolomitization of such fucoid mark­
ings, samples of the darker areas and of the limestone matrix 
were submitted to Mr. H. F . Gardner of Columbia University 
for analysis; After the moisture and carbonaceous material 
were eliminated by heating, the following results were obtained: 

SiO •... ' ... ... . , ...... , .. , .. ... .. .. ,., .. . 
Al.0.+Fe,O" ....... , ... .. . ....... .. . ...... . 

~~~~,: . : : : : : : '. : : : : ~ " " '. " : '. : : : : : : : : : : : : : : : : 
Total .. . . . . .. . , ...... " .. ,., .... . . . 

LIGHT COLORED /1 ' DARK COLORED 
PER CEN'£ PEB OENT 

0.52 
1.04 

97.50 
0.98 

100.04 

0.56 
0.52 

97.36 
1.18 

99.62 

It will be noted that the MgCOa content of the fucoids is 
not appreciably greater than that of the iimestone, and this 

I ' 

constituent could not have exerted much selective influence. , 
N or do the analyses afford any other clue to the problem. 
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Microscopic examination of the .darker material in thin sec­
tion failed to reveal the presence of organic structures, but it 
is filled with dark inclusions which doubtless consist of organic 
matter. It seems probable that the selective dolomitization 
may be attributed largely to this, for reasons which will be 
considered later. 

On Valcour Island also, in Lake · Chainplain, mottling is ex­
tensively developed in the Chazy, but here it is predominantly 
of the in'organic type. In all of the divisions of the formation 
exposed here the limestone is almost universally mottled on a 
small scale with areas of buff d·olomite. Commonly the dolo­
mite· appears in the form of irregular streaks and patches along ' 
the stratification lines, but in many cases it forms small irregu­
lar areas scattered through the limestone layers. In most ,in­
stances these dolomite areas are notably finer-grained than the 
limestone. Especially is this true of the areas in the coarse­
grained. fossiliferous limestones. This has resuUed from the 
breaking down of the large calcite .grains and fossil fragments 
into aggregates of fine dolomite grains during the. alteration, a 
phenomenon which accompanies the alteration of all coarse­
grained limestones. Moreover, the dolomite areas in the Chazy 
are in general softer and less resistant t.h~m the coarse-grained 
limestone and seldom stand out in relief as do the dolomite 
areas in the fine-grained limestones of the Beekmantown. 

No beds of limestone within the Chazy, as developed here, 
were found 'to be uniformly dolomitized, but Brainard and 
Seeley228 report that a dolomitic limestone member caps the 
formation at the north end of the island. 

The Plattin Limestone.--;-Mottling is developed on a small 
scale, locally at least, in the basal portion of the Plattin lime­
stone of the Ozark region. . The mottled limestone constitutes 
a transition bed from the uniformly dolomitic Joachim lime­
stone below to the unaltered compact limestones ' of the .Plattill 
above. An unusually good opportunity for studying, these rela­
tions is found in a small quarry opening about one and one-half 

""BulI. Am. Mus. Nat. Hist. Vol. 8, 1896, p. 306. 

,'1 : ".: 
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miles north of Perryville, Missouri, in a large sink-hole just 
west of the McBride road. The following section appears at 
this point: 

PLATTIN: 

Shale, buff, calcareous, with thin layers of compact gray 
limestone ................... .. .................... . . . . 

Limestone, dark gray, compact, with irregular seams and 
patches of lighter grey dolomite which weather yellowish 

Limestone, gray, imperfectly dolomit~zed, forming abrupt 
transition from dolomite below . to mottled limestone 
above 

JOACHIM: 

Dolomite, bluish when fresh but weathering yellowish, 

FEET I N CHES 

6 

4 

1 

heavily bedded .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6 

The dolomite patches of the mottled limestone member are 
irregular in shape, and although for the most part they attain 
their greatest linear extent along the bedding planes of the 
rock, they are not confined to these, for a number of tongue-like 
extensions of the dolomite areas shoot out short distances into 
the limestone . 

. The Galena Limestone.-Mottling of the inorganic type is 
excellently developed in the Galena limestone at several lo­
calities in Clayton county, Iowa, as was first pointed out by 
Leonard,22D who speaks of the mottled limestone as "partially 
dolomitized beds" and states that they constitute transition 
beds between the dolomitic and non-doiomitic pqrtions of the 
formation. Incomplete analyses of the limestone and dolomite 
areas of the rock which were made for him showed them to con­
tain 4.31 and 18.28 per cent of MgOOs respectively: 

. . . 

In rare instances the mottled limestone does not occur at the 
contact of the dolomite and limestone facies, but is developed 
farther down with several , feet of limestone intervening. But 

. typically the mottled rock forms a transition from the dolo- · 
mite above to the limest.one below. Therefore since the contact 
of the limestone and dolomite facies is not a definite plane but 
wanders up and down in the formation, the mottled limestone 
appears at no definite horizon. 

"'Ia. Geol. Survey, Vol XVI, 1905, p. 250. 
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T~e mottled limestones of the Galena attain their greatest 
known development in the west bluff of the Mississippi river 
back of the town of Guttenberg, Iowa. The succession of beds 
in the Galena as measured and des'cribed by the writer is as 
follows: 

FEET 
4. Dolomite; buff, vesicular, becoming pitted on weathered surfaces, grading 

abruptly into the bed below ,., . ... ,", .. , " , ..... , .. , . .. : .... , .. , 65 
3, Limestone, ' gray fine·grained, mottled with patches of 'buff dolomite 

which become smaller and more distant in the lower beds; in layers 
from 2 inches to 1 foot in thickness; with locally developed 'dolomite 
beds in middle portion " .. '. , ... , . , . , .. , ........ , ..... . , ........ , 90 

2, Shale, bluish, argillaceous ........ , . ... ' .' . , . . ....... . ..... ~ ... ... ... , 1 , 
1. Limestone, gray, slightly argillaceous, no mottling noted. Exposed.... 35 

Thirty-five feet above the base of No.3 there appears a ledge 
of buff dolomite four to 'five fee't thick. Above this comes five 
to six feet of mottled limestone, and then six to seven feet of 
dolomite again. When these layers of dolomite were traced 
laterally along the bluff for a distance of abput ten' rods, they 
were found to pass, in part, into mottled limestone" but never 

, were the dolomite beds found to disappear entirely. Thus, at 
the north end 'of the section the upper bed is split into two 
almost equal parts by two feet of mottled limestone. The dolo­
mite patches in No.3 do not appear 'to ,increase notably in size 
either at the contact with No.4 or in the vicinity of the dolomite 
layers within the member itself, but where the dolomite layers 
grade laterally into mottled limestone there is a gradual transi­
tion in the size of ' dolomite areas, from a dolomite with sub­
ordinate iimestone areas to limestone with subordinate dolo~ 
mite areas. 

Attention should be called to the fact that no mottling ap­
pears below the shale layer No.2' and . that the number and 
size of the dolomite patches in the lower part of No.3 decreases 
downwards. This would seem to iridicate that , the dolomitiza­
tion here was a descending proeess and that the mottling was 
developed by imperfect ,alteration at the time the , overlying 
limestones were uniformly altered. 

As regards the details of the mottling of the Galena, it rp.ay , 
be said that the dolomite areas possess no constant shape , or 

'23 
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size; that they are very irregular in outline; and that they 
possess ITO structure which would suggest the original presence 
of fucoids in the limestone. They are buff in color, coarser­
grained than the gray limestone areas, and are essentially free 
from fossil remains, owing t.o the obliteration of structures 
which accompanied the dolomitization. Their boundaries ap­
pear to be fairly definite megascopically, but when examined 
under t.he microscope tliey 'are found to be gradational, dolo­
mite rhombohedrons being disseminated in the limestone sev­
eral millimeters beyond the main dolomite areas. 

The Maquoketa Formation.-:-The Elgin limestone member of 
the Maquoketa formation shows a mottled structure locally in 
the neighborhood of Ft. Atkinson, .Iowa. In a small ,exposure 
below the bridge over Turkey river one mile east of the town, 
the phenomenon is unusually well shown. About fifteen feet of 
the limestone is exposed here in the east bluff of the stream. 
The upper three or four feet is quite shaly, consisting of shale 
with nodular layers of limestone. The lower portion, however, 
consists of fairly pure calcareous rayers. Originally this lime­
stone was dense, gray and unaltered, but now it is mottled 'with 
patches and irregular seams of buff dolomitic limestone. Be­
tween layers of dolomitic limestone containing remnants of un­
altered limestone on the one hand and layers of gray limestone 
containing seams and patches of dolomitic limestone ' on ' the 
other, every gradation is shown here. 

The Hamilton Limestone.-Mottled limestone associated with 
dolomite appears in the Hamilton limestones in a bluff along 
the Toledo, Peoria and St. Louis railroad, about two miles 
above Chautauqua, Illinois. A bed of dolomite eight feet in 
thickness appears in the limest.one at this place, and within this 
bed, one to two feet above its base, a zone of mottled limestone 
eight inches thick is locally developed. In the dolomite itself 
crinoid stems and brachiopods are still preserved as calcite. 
Many of the limestones interbedded with dolomite in the Middle 
Devonian of Iowa are also frequently blotched with dolomite. 
This relationship is well exhibited in the exposures at and near ' 
the town of Fairport, in Muscatine county. 
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The Louisiana Limestone.-Mottled beds have been observHd 
in this limestone both at the type section at Louisiana, Mis­
souri, and' in equivalent beds of the Kinderhook group at 
Burlington, Iowa. At Louisiana the mottling appears in an 
irregular transition zone ten feet or more in thickness between 
a uniformly dolomitic limestone above and unaltered limestone 
below. The dolomitic areas of the mottled rock are medium­
grained in texture and brownish in color, while ' the limestone 
areas consist of compact, '.gray, lithographic stone. 

The relations at Louisiana are well shown in the bluff ex­
posures at ,the foot of Tennessee ' Street and along Edison 
Avenue. The sliccession here from above downwards is as 
follows: 

FEET I NCHES 

HANNIDAL: 

Shales, bluish, argillaceous 

LOUISIANA :" 

Limestone, buff to brownish, medium-grained, ' dolomitic, 

25± 

lower boundary indefinite . . .. .............. . '. . . . . . . . . . 25± 
Limestone, mottled gray and brownish, gradually passing 

into the dolomite above by increase in size of brownish 
areas, and into the limestone below by increase in size 
of gray areas .......... . ..... . .... ' ... . . . . .. '. . .. . .. . .. . lO± 

'Limestone, light gray, lithographic; breaking with conchoidal 
fr,acture 

CHATTANOOGA: 

Shale, bluish, calcareous ... ... . ... . . .. .. .. . 
Shale, black, fissile, . .... ... .. . ........ ... .... ... ..... . 
Shale, bluish, argillaceous . . . . ... . . . .. . .... . ... .. . .. .. . 
Sandstone, yell!lwish, fine-grained, soft ... . . . .. : . ..... . . 
Disconformity. -/ 

ALExANDRIAN: 

lO± 

1 
3-4 

Limestone, brownish, dolomitic .. .. .. . .. . . . .. .. . ... . . . . 3 
Limestone, gray, oolitic ... ..... . .. . ......... . .. . ...... 7 
Disconformity. 

MAQUOKETA : 

Shale, bluish, calcareous, exposed . .... . .... : ..... . ... . . '. . . . 3 

3 
3 

It seems clear from the relations shown here that the' 
dolomitization of the upper portion of the Louisiana and the 
formation of the mottled beds took place in the closing stages 
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, of Louisiana time prior to the deposition of the Hannibal shale 
and' that the proces~ of alteration proceeded f~om above down-' 
wards. This view is supported by the fl;tct that the impervious 
nature of the Hannibal shale above would ,prevent sufficient 
ground-water circulation to accomplish dolomitization subse­
quent to its deposition ' and by the fact that the intensity of 
the trl;tnsformation dies out downwards. Moreover, the dolo­
mitization is in no way related to secondary structures, such 
as joints in the limestone. 

In the Burlington section of the Kinderhook group a thin lim~­
stone member which retains all the characteristics of the typical 
Louisiana also exhibits mottling. This member ranges from 
eleven to eighteen feet in thickness and is both overlain and 
underlain by :fin.e-grained, yellowish calcareous sandstone. It 
consists typically of light gray, thin~bedded, dens~, lithographic 
limestone, but in places it is partly dolomitized and exhibits thin 
seams of yellowish coarser-grained dolomite along the bedding 
planes and irregular patches within the layers. At certain 
points the horizontal seams unite with the interior pat.ches and 
the dolomite areas assume a reticulated appearance. Small rem­
nants of limestone are in such cases entirely enveloped by dolo-

' mite. . 

In the Nagel quarries located in the bluff of the Mississippi 
river about two miles below BUrlington the bed attains a thick­
ness of eleven feet and consists of three feet _ of uniformly 
dolomitic limestone in its upper portiol), with eight feet of 
mottled limestone below. Dolomite seams a.re greatly extended 
along the bedding planes of the ,mottled portion, and . some of 
them are tractlable for a distance of several feet. 

The Saint L01tis Limestone.-One of the best illustrations of ' 
mottling in th~ Saint Louis is found along Potter's Branch, a 
small creek which enters the Des Moines river from the north­
east about one mile below Bonaparte, Iowa. 'About three­
fourths of a mile back from the river badly fractured and very 
imperfectly dolomitized limestone appears, along the bed of the 
branch. The fracture lines have been healed with calcite, and 
curiously enough the limestone in the immediate vicinity of the 
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ealcite veinlets is unaltered and where the fracture lines are 
dosely spaced the limestone is either free from dolomite or only 
mottled with it, while the limet>tone surrounding .the areas of 
local disturbance is everywhere dolomitic. The mottling de­
veloped here, then, r epresents imperfect dolomitization under . 
unfavorable conditions. 

The Main Limestone.-According to Dixon/so mottled lime­
stories occur in the Main limestone member of the Carboniferous 
of South Wales, but their relation to the dolomite beds of the 
formation is not made clear. The mottling characterizes one 
horizon and has been observed at several localities. It is re­
ferred to as "pseudo-brecciated" structure by Dixon, who 
points out that the relations are original and not due to crush­
ing. His analyses of the limestone and dolomite areas gf the 
"pseudo-breccia" showed them to vary widely in their magnesia 
conte~t. These are given below: , 

SiQ, .. . ... . . .. . ................. . , .... .. . . 
H,O at 1050 C .......... , . . ............ . . . . 
Fe,O., etc .. .. . ' .. ... . ......... .. . .. . . .... . 
CaO ' ......... . . . ..... . . .......... . . . ... . . . 
MgO .. . ................ . . .. . . ... . . .... . . 
CO, ..... . .. .. ... .. . . ........... . ..... . . . 

Total. .. ...... . . . ... . . .. . . . . ..... . . . . \ 

LIGHT COLORED DARK COLORED 
PER CENT PEB CENT 

5.85 
.21 
.63 

34.17 
15.29 
43 .60 

99.75 

2.22 
.06 
.25 

50.98 
3.21 

43.62 

100.54 

Remnants of Limestone in Dolomite.-The presence of local 
areas of unaltered limestone surrounded on all sides by dolo­
mite in a given formation speaks unequivocally in favor of the 
view· that the dolomite has resulted from the alte'ration of lime­
sto;ne. But remnants of limestone in dolomite seem to be the 
exception rather than the rule, and this criterion ~eldom can be 

, applied in interpreting· the history of dolomites. 

Limestone remnants in dolomite have been .observed by the 
writer in division B of the Beekmantown near Shoreham, Ver­
mont. In the upper portion of this division there is a .bed of 

""The deology of the South Wales Coal-field, part 8 ; Mem. Geol. Surv"y, England 
and Wales, 1907" P. 10. 
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compact gray dolomite with an exposed thickness of ten feet 
which contains ' irregular areas of finer-grained, dark gray lime­
stone several inches across. These have no definite shape 
or, relations and' many of them are penetrated by seams of 
dolomite. ' 

In the Niagaran dolomite of Delaware and Buchanan coun­
ties, Iowa, limestone remnants are developed on a much larger 
scale, as pointed out by Calvin231 and verified by the writer. 
With reference to the limestone remnants in Delaware county 

. Calvin says: 

A very unusual phase of the Niagara limestone is seen at a 
few points in Union township. A fine-grained, bluish, compact 
limestone, not dolomitic, and resembling some portions of the 
Devonian, occurs in small patches a few yards in extent. These 
patches were supposed at first to be Devonian outliers, but their 
reJations to the .ordinary granular Niagara dolomite, into which 
they grade laterally and which sometimes overlies them, pre­
clude their reference to the Devonian. One of the best examples 
of the phase described occurs a short distance west of the south­
east corner of gection 8 in the township named. Another patch ' 

, of the same kind occurs near the northeast corner' of the same 
section. More of the same stone is found one-fourth mile north 
of the center of section 19, and it is shown in an instructive 
exposure along the north line of section 29. Masses of the blue, 
fine-grained limestone lie in the midst of granular dolomite and 
are portions of continuous layers that, except in non-dolomitized 
spots, possess the characteristics of the ordinary Niagara. 
All the exposures named are purely local phenomena, small 
patches of Niagara that in some way escaped the process of 
dolomitization. ' 

More extensive non-dolomitized portions of Niagara limegtone 
occur in Coffins Grove township. All the beds through a thick­
ness of 20 or '30 feet and over an area some miles in extent, are 
non-dolomitic. 'Some of the beds ,are quite fossiliferous, the 
fossils being chiefly corals; and while the corals elsewhere at 
this horizon are usually silicified, they are here unchanged ex­
cept by the interstitial deposition of calcite. Typical exposures 
of the beds under consideration are seen near the center of 
section 26 in the township named, and the same beds crop out 

" ' l a . Geol. Survey. Vol. 8, 1897, pp. 154 arid 218. 
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in the bluff along Prairie creek in section 28. The beds' may'be 
satisfactorily studied in the low bank of the creek Ettthe poi,il.t 
where the stream is crossed by the Masonville road, in the nort~: 
west quarter of sectio~ 28. ' .. ' 

The limestone remnant in the Niagaran in Buchanan coun~y. . 

appears in section 2 of Hazelton township where coarse granular 
dolomite pa~ses beneath fine-grained non-dolomitized lim~: 

stone which may possibly represent the horizon of the even~y 
bedded quarry s'tone (dolomite) in the upper parts of the Dela-
ware stage in Delaware and Jones counties. ' 

Nests of Dolomite in Limestone.-As Bischof232 has pointed 
out, the occurrence of nests of dolomite in limestone can be ac~ 
counted for only on the basis of dolomitization. Several sUyh 
occurrences are known. Klipstein233 reported the presence of 
dolomite nests in the" transition" limestones of the Lahn dis­
trict in 1843, and within recent years Salomon2:14 has described 
nests and tongues of dolomite in the Ladinic limestones of the 
Alps. Again R. A. Smithm reports the presence of nests and 
large chimney-like masses of nearly pure dolomite in the coral 
limestone of the Traverse group at Alpena, Michigan. 

The writer also has observed several instances when~ nests 
of dolomite appear in limestone. Thus, in the upper portion of 
the Saint Louis limestone at Alton, Illinois, bowlder-like masses 
and irregular lenses of dolomite are extensively developed. In · 
the quarries which have been opened in the east bluff of the 
Mississippi river a short distance above the town there appears 
a thin-bedded, fine-grained, compact gray limestone ' three feet 
in thickness, which bears rounded masses of . darker gray, 
coarser-grained dolomite ranging from a few inches up to six' 
feet in greatest diameter (see figure 33). They normally lie with 
their longest diameter approximately parallel to the stratifica­
tion and are in some places thickly set in the limestone, but 

. elsewhere none appear within a horizontal interval of fifty feet 
or more. These dolomite masses at first glance might be taken 

' '''Elements or Chemical and Physical Geology , English translation, Vol. '3, 
1859, p. 1.87. _ 

""Quoted by Bischof, idem, p. 185. 
2MAbh. K.-k. geol. Re!chsanstalt, Vol. 21, Part I , 1908, p . 408 . 
. "·Pr!vate communicatiOn. 
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FIG. 33. Bowlder-like masses of dolomite in Saint Louis limestone at Alton, illinois. 

for true bowlders, but careful study shows them to have been 
.formed in place by the local dolomitization of the limestone. 
This is clearly indicated by the fact that the contact of the 
bowlders with the limestone matrix is in some instances grada­
tional, and that the stratification lines of the limestone else­
where ' m~ be traced directly through the bowlders. Analyses 
of a sample of the limestone and of one of the bowlders by 
Prof. A. W. Hixson yielded the following results: 

LIMESTONE 

I 
DOLOMI·TE 

PER CENT PER CENT 

2.90 . 4.78 
1.14 1.93 
.66 3.97 

SiO, ... .. ................ .... .......... . 
Fe,O • . ................. . .... ... ......... 
AI;O" . . , . ............. . ............ : .... . 
CaCO, .. . . .. ... .... ..... . ... .... ..... ... . 91.88 57.41 
MgCOu •••••••••••••••• •••• • • •••••••• •• •• 3.39 32.39 

I-------------I-~---------
Total ............ .. ... .... . .. . .. ... . 9-9.97 100.48 

In a bed of limestone a few feet above the bowlder bed irregu­
lar lenses and thin discontinuous layers of dolomite of the same 
physical character are developed (see figure 34). 
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FIG. 34. Irregular lens of dolomite In Saint Louis limestone at Alton, IllIn.ols. Scale, . 
one inch=elght feet. . . 

Similar lenses and bowlder-like masses of. dolomite occur on 
a less extensive' scale in the Saint Louis limestone along Indian 
creek near Farmington, Iowa, and in the Spergen limestone 
near Belfast, Iowa. 

Lateral Gradation of Dolomite into Limestone.-Since it is . 
not conceivable that dolomite could be deposited at one point , 
and limestone at another only a short distance away, the lateral 
gradation of dolomite into limestone must be regarded as fur­
nishing unimpeachable proof of the secondary origin of all 
dolomites showing these relations. Such a gradation was de­
scribed long ago by Daubeny,286 who stated that at Lak~ Lugano, 
in northern Italy, a limeston€ at one point is destitute of mag- ' 
nesium, farther along the lake it is traversed by small veins of 
dolomite, and still farther on it contains crystals of the same in 
small cavities, and fin'ally it passes into dolomite with the dis­
appearance of all traces of stratification. 

Hardman237 also' has described instances of the l:~tteral grada­
tion of dolomite into limestone in the Carboniferous limestones 
of Ireland. , Thus: 

It is frequent also in the county Kilkenny in many places 
within a circle extending from Gowran to near BaUyrogget, and 
I have hand specimens showing the gradual alteration, the fos­
sils being completely obliterated, and the blue limestone at one 
side becoming perfectly crystalline dolomite on the other. Large 

'masses of dolomite are seen which when traced out abut against 
and merge into limestone, and in some places, as at Ballyfayle, 
there will be as many as twenty or more alternations of lime­
stone and dolomite in .a distance of less than half a mile, the 
limestone always full of marine fossils, ' by no means dwarfed 
in appearance.' 

, 
,.°A Description of Active and Extinct Volcanoes, 2d ed., 1848, p. 150. 
237Proc. Roy. Irish Acad., 2d ser., Vol 2 (Science), 1815"77, p. , 728. , 

, , 
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Many examples of lateral gradation have been observed by 
: the writer; in limestone ranging in age from the Cambrian to 
. the Mississippian. These will be described in the order of their 
stratigraphic position. 

The Elvins Formation.-The Central bowlder bed member of 
the Elvins formation exhibits such relations repeatedly in a cut 
of the Illinois Southern Railroad between Flat River and Elvins, 
Missouri. This "Qed, although it is overlain by shaly beds and 
underlain by impure mottled limestone, consists typically of 
very pure light gray, fine-grained, compact limestone in the 
form of large bowlders imbedded in a shaly matrix, but locally 
it forms a continuous bed for several yards, and there it is apt 
to be irp.perfectly dolomitized. Large irregular patches of dark 
.gray dolomite several feet across commonly appear in it, and at 
one point the bed is altered completely from top to bottom for 
a distance of several yards. A comparison of the analyses of 
the pure limestone facies of this bed as given by Buckley238 with 
the analysis of the dolomitic facies made by Prof. A. W: Hixson 
for the writer will show the marked difference in the magnesia 
content of the two varieties.' 

SiO, .......................... . 
Fe,O • ....... ... ...... ... ....... 
AI,03 .. . .... . ... ... ... .. ...... . 
CaCO . .. ........ ....... ... .. .. . .. 
MgCO •.. ................ .. ..... 
Moisture ................. . .. .. . 

Total ' ..... . . ~ ......... . .. ' .. 

LI1I1ESTONE FACIES 

1 

2.43 

0.80 
94.00 

2.94 
0.10 

100.27 

2 

5.31 

0.69 
93.00 

0.23 
0.05 

99.28 

DOLOMITIC 
FACIES 

6.42 
3.35 
7.81 

64.87 
16.18 

98.63 

The porosity of the limestone facies is .20 per cent while that 
of the dolomitic facies amounts to .97 per cent.239 

The Platteville Limestone.-Lateral .gradation of dolomite 
into limestone is also illustrated by the" Lower Blue Beds," a 
limestone member of ,the Platteville formation as developed in 

23SMo. Bur. Geol. and Mines. Vol. 9, Part I, 1908, p. 43 .. 
""Determinations by 'prof. , A. W. Hixson. 
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the Upper Mississippi Valley lead region. At Dubuque, and at 
all other localities in Iowa, where this member is exposed, it 
consists of bluish, fine-grained, thin-bedded limestone about 
twenty feet in thickness, and is followed above by the Decorah 
shale member and below by the dolomitic limestones of the 
Lower Buff Beds. But at Darlington, Wisconsin, very different 
conditions are met. Here the member is uniformly dolomitized, 
as mentioned by Bain240 and verified by the writer, and is fol­
lowed directly by the dolomitic limestones of the Galena. On 
fresh surfaces the dolomite assumes a massive appearance very 
unlike the thin-bedded, non-dolomitic facies in Iowa. 

The Fayette Breccia.-This phenomenon is exhibited to a 
lesser degree by the Fayette breccia in Linn county, Iowa, and 
this, together with other features, has given rise to some mis­
apprehension as to the true nature of the Siluro-Devonian con­
tact in Iowa. 

In his report on the geology of Linn county, N orton241 recog­
nizes the following succession of formations: 

Upper Davenport 
} =Fayette breccia 

Devonian Lower Davenport 

(Wapsipinicon) 
Kenwood 

- Otis 

Coggan 

Bertram 

Silurian Anamosa 

LeClaire 

Delaware 

In a later report on the geology of Cedar county, the same 
writer242 concluded that the Cog-gan should be referred to the 
Wapsipinicon, but no further reference to the Bertram was 
made. 

".Bull. U. S . Geol. Survey No. 294, 1906, p. 24 . 
2uIa. Geol. Survey, Vol. IV, 1894, p . 127. 
"'Ia. Geol. Survey, Vol. XI, 1900, p . 320. 
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The Bertram formatioll has its typical development "along 
Big creek and its tributaries from Springville and Paralta to 
Bertram." It,is described as medium to lig~t drab in color, as 
compact in texture, as sub-conchoidal in fracture; as magnesian ' 
in composition, and as locally exhibiting brecciation. , At one 
point an exposure shows it resting directly on the Anamosa and 
this fa,ct, together with' its lithologic character, seems to be the 
sole basis for referring it to a horizon below the Coggan. 

The preliminary studies of the writer lead him to suggest 
that the Bertram beds really represent a local dolomitic facies 
of the Fayette breccia let down ,on the Anamosa by discon­
forniity, due to the Kenwood and Otis beds being cut out here. 
This interpretation is borne out by the facts that the so-called 
Bertram is locally non-dolomitic along Big creek, and that it 
then res,embles the Fayette breccia in every particular. More­
over, evidence of a disconformity below the Fayette breccia has 
been observed in the cut of the Chicago, Milwaukee and St. ,Paul 
Railroad a short distance west of the station at Fayette, Iowa, 
where the breccia res'ts very irregularly on the surface of the 
Otis. 

The Spergen 0mestone.-Similar occurrences of dolomite 
grading laterally into limestone are found in the Spergen lime­
stone in southeastern Iowa; This formation has been very im­
perfectly dolomitized, and some b~ds which are dolomitic at one 
point are represented by limestone only a few rods" or at the 
most, only a few miles, away. This feature is remarkably well 
shown in certain outcrops of the formation near Belfast, Iowa. 
T'he limestone has a most confusing way of grading la terally 
into dolomite, utterly different lithologically" within short dis­
tances and to one not familiar with true conditions the relations 
are very baffling to say the least. The unaltered facies consists 
of light gray, thin-bedded, coarse-grained crinoidal limestone, 
while the 'dolomitic facies is buff, fine-grained, massive and 

' vesicular. The relations are still further complicated by the 
tendency of the limestone ,not oniy to' pass into dolomite litho­
logically different, but also to .grade abruptly into fine-grained, 
bluish, calcareous sandstone. 
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One of the best illustrations known to · the writer of the 
l~teral gradation of dolomite· into limestone in the Spergen at 
this locality is found · in an old quarry face along the Chicago, 
Rock Island· and · Pacific railway three-fourths inile ' south of 
Belfast. The relations here are exhibited by ,the accompa~ying 
sketch (-figure 35). 

.5-t l 0 ub lime ~t one 

- ~ - - :- ... - -: -:::r" - -I = I ..... I - I - I I- I ,..~ . ~ -- I - I .. , -
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J. 
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FIG. 35: Showing relations of dolomite to limestone at one point In quarry face, three­
fourths mile south of Belfast, Iowa. Scale, one Inch=twelve feet. 

The Saint Louis LimestonB.-Lateral gradation is exhibited 
a:loI1g with other phenomena of imperfect dolomitization in the 
Saint Louis limestone of southeastern Iowa. This formation 
is dolomitic throughout in some sections, while in others nearby 
only certain layers are dolomitic.. This has been clearly demon­
strated by detailed study of the formation as developed along 
the Des Moines river in Lee and Van Buren counties. . The 
faunal zones were worked out carefully here, -and were traced 
from section to section. A great variation in the nature arid 
degree of dolomitization was demonstrated. For instance, at 
one locality the formation was dolomitic from top to bottom, at 
another it was predominantly dolomitic, although a few layers' 
of limestone still persisted, while at still another point the dolo­
mite was subordinate and limited to thin zones. Thus, the 
dolomite is confined to no definite horizon, and the relations are 
very irregular and inconstant. 

Frequently · the dolomitization of the Saint Louis has been 
influenced somewhat by its structure. Thus many of the reef­
like masses of disturbed and broken limestone which are com­
mon in this formation are but little if at all altered, while in 
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many ca~es the undisturbed limestones on their flanks are uni­
formly dolomitic. This must be interpreted as meaning that 
dolomitization took place after the reef-like masses were 
formed; An instructive illustration of the influence of such 
structures on the dolomitization of the Saint Louis is ' found in 
the face of an abandoned quarry in the northeast bluff of the 
Des Moines river a short distance above the mouth of Reed 
creek, two miles southeast of Bonaparte, Iowa (see figure 36). 

FIG. 36. Reef of unaltered, brecciated limestone bounded below and on the flank with 
undisturbed dolomitized limestone. Abandoned quarry above mouth of R eed creek. 
two miles southeast of Bonaparte, Iowa. 

Irregu,l.ar Bo~tndaries.-:-Examples are known where lime­
stone formations are dolomitic either in their upper or lower 
portions only and in these the boundary between the two divi­
sions is sometimes very irregular and wavy. Such relations 
can have resulted only from the partial dolomitizatipn of a 
formation originally represented entirely by limestone. 

EXAlIIPLES OF IRREGULAR BoUNDARIES. 

The Galena Limestone.-Probably the most striking boundary 
relations known in any dolomite are shown by the dolomitic 
facies of the Galena formation in northeastern Iowa. In the 
region about Dubuque tile Galena is dolomitic from ' top to 
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bottom, and is represe'nted by massive beds of buff, sparsely 
fossiliferous dolomitic limestone. To the northward, however, 
the' lower portion of the dolomite tends to pass into limestone 
to a variable degre.e, thus giving rise to a very irregular lower 
boundary for the dolomite. At Specht's Ferry, nine miles 
north of Dubuque, twenty-five feet , of limestone, with inter­
calated shaly layers in the upper portion, intervenes between 
the Decorah shales and the dolomite, while at Guttenberg, in 
Clayton county, twenty-five miles northwest of Dubuque, 125 
feet of limestone, the upper 90 feet or which is mottled with 
dolomite, occupies the saine position. 

At Clayton, on the other hand, which lies only eight miles 
north of Guttenberg, only fifteen feet of limestone capped by a 
shale bed two feet in thickness, separates the dolomite from the 
Decorah shales. Still ,more striking relations are exhibited at 
other localities in Clayton county, as was pointed out by 
Leonard.24 3 

In section 14 of Wagner township, non-magnesian strata have 
an exposed thickness of seventy-five feet and ,are seen to be 
overlain by the Maquoketa shales. Between six and seven miles 
to the south and at the sa:me horizon the dolomitic beds are 
found at Elkader, with a thickness of at least 120 feet. At Volga 
the 'strata lying immediately beneath the Maquoketa are ' non­
dolomitic, and along the Turkey river in Marion township 
similar beds are exposed at many points in the same position. 
At Osborne, only a little over four miles east of Volga, eighty 
feet of heavily bedded dolomite are exposed just below the 
shales of the Maquoketa. 

Thus it is seen that the boundary relations between the lime­
stone and dolomite facies of the ' Galena are very irregular and 
what is thin-bedded fossiliferous limestone at one locality is 
represented by massive dolomite at another only a few miles 
away. This confusing relationship was formerly the cause of 
much misapprehension regarding the true nature of the Galena. 
In the early geological reports. on the region the dolomite and 
limestone facies were referred to two distinct formations, and 
the 'dolomite was called Galena while the unaltered limestones, 
locally present in the lower part of' the formation~ were included 

mla. Geol. Survey, Vol. XVI, ,1905, pp. 248 and 249. 
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in the formation now desigllated the Platteville, and were called 
Trenton. N. H. Winchell,244 however, basing his argument on pa­
leontological evidence, concluded that the two facies were torma­
tionally identical and Calvin245 soon after verified this con­
clusion by field ,'study. Calvin's views on the subject are pre­
sented below. 

As above stated, the unchanged beds have been called Trenton,' 
the dolomitic beds Galena; and the apparently irreconcilable 
statements concerning the thickness of the respective assumed 
formations have been due to the preconception that the whole 
of the Galena overlies the wb,ole of the Trenton, with a definite 
formational or stratigraphic plane of separation between them. 
Instead, a lar.ge part of the Galena near Dubuque, is the exact 
equivalent, bed for bed, of a correspondingly large part of the 
Trenton in northern Iowa. Bands characterized by distinct 
types of life run parallel and continuously through dolomite in 
one place and unaltered limel:ltone in another. .' . . The line 
of separation is not formational; it pays no regard to strati­
graphic planes, except that in places it seems to be determined 
for some distance by beds of shale; it cuts across individual 
layers and life zones in ' the most erratic manner; and while, on 
the whole, it rises towards the north, it wanders up and down 
through many feet in very short space, as evidenced by the sec­
tions recorded by Hall near Elkader, Clayton City; and Gutten­
berg.in Clayton county. 

It looks as if dolomitization had affected the limestone and 
produced the Galena type' after the formation was complete; that 
the process began at Ithe top and progressed downwards; and 
that the depth to which the change descended was in some in­
stances and to some extent at least, determined by the presence 
or absence of impervious bed!? of shale. 

With Professor Calvin's interpretation of the conditions 
existing here the writer is in complete accord. There seems to 
be no escape from the conclusion that the present relationship 
has resulted from a process of dolomitization which began at 
the top of the formation and proceeded downwards at the close 
of deposition, or at least in the closing stages. To the north­
ward the alteration 'was less complete and more sporadic than 
to the southward where the transformation was more vigorous 

""American Geologist, Vol. 15, 1895, p . 33. 
""la. , Geol. Survey, Vol. X, 1899, p . 406 ft. 
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and doubtless more prolonged. The downward limit of change 
was controlled in part by exhaustion of the magnesium content 
of the waters and in part by the presence of locally developed 
impervious ~hale beds which protected the underlying limestone. 
The influence of thin shale seams in checking the descent of 
dolomitization at Specht;s Ferry and at Clayton has been re­
ferred ,to. At these localities the alteration was halted before 
it reached the base of the Galena. At Dubuque, on the other 
hand, it extended down as far as the Decorah shale, and the 
whole of the Galena is dolomitic. Indeed, there is reason for 
believing that the alteration would have extended down still 
farther here and affected the Platteville if it were not for the 
presence of the shale bed. Such, in fact, is the state of affairs 
at Darlington, Wisconsin,thirty-five miles slightly north of east 
of Dubuque. At th~s place the Decorah :shale member of the 

, Dubuque 'region is abs'ent, and we have a continuous section of 
dolomite from the base of the Platteville to the top of the 
Galena. There can be no doubt that the dolomitization of the 
Platteville was accomplished in this region at the same time as 
the dolomitization of the Galena and that the absence of the 
shale member at the top of the formation allowed the magnesian 
waters to descend farther here than in the Dubuque region. 

The Saint Louis Limestone.-Irregular boundary relations 
are exhibited on a much smalle.r scale by the dolomitic and non­
dolomitic portions of the Saint Louis limestone along the north 
bank of Indian creek two and one-half miles west of Farming­
ton, Iowa (see figure 37). Here a bed of slightly disturbed, un­
altered, gray, medium-grained limestone averaging about eight 
feet in thickness rests upon a bed of brecciated, yellowish, :fi.ne­
grained, dolomitic limestone three to eight feet thick. The con­
tact line is extremely irregular and fairly sharp. The marked 
difference in lithologic character of these beds and the irregular 
boundary between them suggests at once that they represent 
two distinct formations with dis conformable relations, and in 
truth 'this was the interpretation first adopted by the writer. 
,Further study, however, soon revealed the fact that these beds 
represent one continuous formation, and that the present rela-

24 
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tions resulted entirely from imperfect dolomitization of the 
limestone .subsequent to its deposition. This interpretation is 
supported by the following facts: (1) If the beds are traced 
laterally a short distance it will be seen that the lower one has 
.lost its dolomitic character an~ a perfectly continuous series of 

FIG. 37. Irregular boundary between limestone and dolomite beds of the ' Saint Louis 
. formation. Section In north bank of Indian creek, two and one-half mUes west 
of Farmington, Iowa. . -

gray limestone is found; (2) the boundary, although fairly 
sharp, is not a stratigraphic plane of separation; (3) evidences 
of imperfect dolomitization, in the form of bowlder-like masses 
and lentils of dolomite, are found in the limestones of the upper 
member. 

That the alteration of the lower member took place subse­
quent to its brecciation is indicated by the fact that the brecci­
ated structure now has been largely obliterated by welding, a 
process which normally accompanies dolomitizatiori. 

The Korallen'oolith.-The dolomites of the Korallenoolith 
(Jura) also. fail to be regularly marked off from the limestone, 
as was shown by Wichmann.2!6 In the region about Selter and 
Ith the dolomite in this formation is not confined to a definite 

" horizon, but encroaches upon the limestone both above and be-
low within short distances. ' 

"'Zeltschr. Deutsch. geol. Gesell., Vol. 61, 1909, p. 392. 
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l'he French Jura.-Relations such as these have been shown 
by F. Pfaff247 to exist in the French Jura. In the Wisent Val­
ley between Streit berg and Muggendorf, the boundary of the 
dolomite in the upper portion of the formation with the lime­
stone below descends and rises rapidly, but a short distance 
above Muggendorf the formation is dolomitic from top to 
bottom. This can be interpreted only as meaning that an 
original limestone formation was transformed to dolomite by a' 
descending process of alteration. 

Pse.udo-Interstratification Effects.-The interbedding of lime­
stone and dolomite has been postulated by some as evidence in 
favor of the primary origin of dolomite, but it is believed that 
most . examples of so-called interbedding have resulted from 
differential dolomitization and that this feature furnishes much 
stronger evidence in favor of the alteration theories. The fol­
lowing facts lend support to this view: 

1. .The contact lines, though frequently sharp, are often 
wavy and do not coincide with the' bedding planes. 

2. The dolomite layers sometimes grade laterally into 
limestone and the limestone layers into dolomite. 

3. The limestone layers are frequently mottled and 
streaked with dolomite. 

4. The dolomite layers sometirq.es bear small irre.gular 
remnants of limestone. 

EXAMPLES OF PSEUDO-INTERSTRATJE'ICATION. 

In the course of this investigation many examples of pseudo­
inter stratification of limestone and dolomite have been encoun­
tered . 
. The "Calcijero1,ts" Limestone.-The "interbedded" series of 
limestones and dolomites exposed in the old Walton quarry 
opposite Harrisburg, Pennsylvania, appears to be best ac­
counted for upon the basis of differential dolomitization, al­
though Lesley248 has concluded that the dolomite beds represent 
primary mechanical deposits. This is borne out by the relations 
of the dolomite to the limestone at a number of points here. 

"'Pogg. Annalen, 1851, p. 471. 
"'See ante p. 273. 
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N ear the middle of the quarry face a bed of dolomite six feet 
in thickness and dipping about 300 to the south appears in the 
upper part of the opening. It is both overlain and underlain · 
fairly regularly by limestone, but in the lower part of the open­
ing its lower one-half passes abruptly into limestone and the bed 
continues to the quarry floor as two distinct layers each three 
feet in thickness (see figure 38). Samples of the dolomite and of 

FIG. 38. Showing lateral gradation of a dolomite layer into limestone. Walton Quarry, 
oppOSite Harrisburg, Pennsylvania. 

the limestone were taken at the same"level and only a few inches 
apart at the point where they grade into each other. These have 
been analyzed by Dr. w,. S. Smith with the following results': 

, \ 

SiO • .... . ... . ....... . .. . .. . . ... " .. .. ... . 
Al,0 3+ Fe,O, ......... " ......... . ........ . 
CaCO, .. . ......... . . . . .... .. . ........... . 
MgC03 •••••••••••••••••••• •• •••••••••••• 

DOLOMITE 

4.7 
1.1 

76.1 
is.1 

100.00 

Ln.mSTONE 

0.9 
0.3 

97.97 
0.S3 

100.00 

Further data upon the relationship of limestone and dolomite 
are furnished by the following detailed section measured near 
the north end of the quarry. The succession is from above down- . 
wards. 



INTERBEDDING IN, THE TRIBES HILL 373 

FEET INCHES 

14. Limestone, gray, fine-grained, with solution 
hollows.. . . .. .... . ... . ... . ... . ...... . .... . . 4 3 

13. Dolomite, grayish buff ... .. .. . , .... . ..... .. .. . 2 6 
12. Limestone, dark gray, compact .......... . ..... 1 
11. Dolomite, light buff, seamed with crystalline 

calci te .... . .... . ......... . .. . ...... , . . . . . . . 1 8 . 
10. Limestone, dark gray when fresh but weathering 

lighter, compact ... .. . . . . .. . .. .. .. .. ... . .. . . . 2 
' 9. Limestone, gray, fine-grained, mottled with light 

buff patches of dolomite .. .... ............. 3 
8. Limestone, gray, fine-gTained . . " .. . . . .. . . . . . . . 1 6 
7. Limestone, gray, Irregularly seamed with darker 

patches of dolomite ........ . . . .. . . .. . .. . .. 8 
6. Dolomite, dark gray, fine-grained.. . ..... .... . 5 
5. Limestone, gray, fine-grained, with seams of 

dolomite .. .. ........ . . . ...... . . . .. . .. . . .. .. 2 
4. Dolomite, dark gray, fine-grained .... .... .. . .. 1 7 
3. Limestone, gray, fine-grained ... . ... ... . . . . . . 1 
2. Limestone, gray, fine'grained, mottled with 

patches of dolomite .... '. . . . . . . . . . . . . . . . . . . . 3 
1. Limestone, gray, fine·graiI~ed; upper six in'ches 

with irregular seams of dolomite . . .. . .. .. . . 6 

Another instructive section is shown in a small pit near th~ 
middle of the quarry. 

FEET 

5. ' Limestone, gray, fine-grained . ........... . .. . ... . ... . 
4. Limestone, gray, fine-grained, mottled with patches of 

dolomite ...... , . . ............. . ............... . ... 3 
3. Limestone, gray, fine-grained . . . ..... . . . . ...... . ... . . 2 ' 
2. Limestone, gray, · fine-grained, mottled with patches of 

dolomite. . . .... ......... .. ........ . ..... ... . . .... . 2 
1. Dolomite, the upper one-half grading laterally into fine-

grained limestone mottled with dolomite. Exposed . . . . 3 

Near the .sputh end of the quarry interesting relations again 
appear. At one point here a dolomite layer one and one-half 
feet thick bears irregular streaks and patches of unaltered lime­
stone. Six feet higher up another layer shows similar relation­
ships, whi~e the limestone between is irregularly mottled with 
dolomite. 

The T ribes Hill Limestone.-Relationships equally significant 
appear iIi the Tribes Hill limestone at Canajoharie, N. Y. The 
following section is exposed in the Allan quarry a short distance 
west of . the village. ' 



374 THE ORiGIN OF DOLOMITE 

FEET I"'CRES. 

UTICA: 

10. Shale, dark, laminated ..... . .... . ... . ...... .. . 20 

TRENTON: 

9. Limestone, gray, subcrystalline, thinly be,dded, 
with occasional shaly layers . ..... . . . ....... 19 
Disconformity. 

THroES HILL: 
8. Dolomite, bluish-gray, compact, heavily bedded 

below .. . .... .. .......... . ... .. ......... . . ~ 11 
7. Limestone, dark, compact, no dolomitic patches 

noted ' . . ......... . ............. ; ........... 2 
6. Dolomite, bluish, compact, upper portion blotched 

with patches of lighter colored limestone. . .. 5 6 
5. Limestone, gray, subcrystalline, conglomeratic, 

with dolomitic matrix ..... .• . . _ . . . . . . . . . . . . 10 
4. Dolomite, dark gray, compact, with: seams and 

irregular patches of gray limestone jn the 
lower part . .......... ...... ;. . ....... . . .. . . 3 8 

3. Limestone, gray, subcrystalline, with some oolitic 
grains; 'bearing occasional thin seams and ir-
regular patches of brownish dolomite. .. . .. . 4 6 

2. Dolomite, dark gray to bluish gray, compact, 
upper 8 to 10 inches mottled with irregular 
patches of limestone .. .. .. . ........ . . . .... . 2 8 

1. Limestone, dark g ray, dense, upper and lower 
portions slightly mottled with dolomitic 
patches. Exposed .' .. ' .... '," .. .. .. .. .. . .. . .. 4 

The Chazy Limestone.-According to Hunt/ 49 thin, irregular 
layers , of ferruginous dolomite filled with crinoid stems consist~ 
ing of pure CaCOs occur in the bluish, crystalline, fossiliferous 
Chazy limestones at Montreal. The ' matrix of the crinoid 
columns has the following composition: 

P ER 'CENT 

Sand .. .. . . .. .. ... . . . . .. .... . . ... ..... . .... . .... ..... . 9.01 
FeCO . ... . .. . .... . .... . .... ' .... . .......... ... ... .. .... " 27.03 
CaCO, .. . ........ .. . . .. .......... .. . . . ... ... .. . .. . . .. . 40.95 
MgCO. . .. . ... ... ... . .. . .. . ... . ... .. .... . . .. . ,. ... .... . 24.19 

A sample of the limestone taken one inch from the contact. . 
with the dolomitic layer yielded 18.4 per cent of insoluble matter 
and only .09 per cent of MgCOs• 

The Galena, Limestone.-Leonard250 has described a case of 
"interbedding" in the Galena limestone of ClaytQn county, 

"'Am. Jour. ScI. , 2d ser" Vol. 28. 1859, p . 3 71. 
" 'la . Geol. Survey, Vol. XVI, 1905, p . 249. 
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Iowa, and this has been examined by the writer. The exposure 
in which this relationship is shown appears in the southwest 
quarter of section 9, Volga township. The suceession here from 
above dow~wards is as given below. 

FEET 

3. Dolomite, buff, massive ..• . ... .... . .. ......... . . .. . . . 4 
2. Limestone, gray, thin-bedded, with occasional small ir-

regular patches of buff dolomite ....... .. ... . ... . ... 8 
1. Dolomite, ~ray to buff, heavily bedded.... ............ 6-7 

';rhe, contact of the limestone with the dolomite above and be, 
low is fairly regular and sharp, but the line of contact is not a 
stratigraphic plane of separation. 

The Niagaran Limestone.-Pseudo-interbedding of limestone 
and dolomite is exhibited by the Niagaran limestone about two 
miles southeast of West Union, Iowa, at the "Devil's Back­
bone. ' , The succession here from above downw'ards is as 
follows: 

FEET 

3. Dolomite, gray to buff, massive, vesicular . . ....... . .. 25.-30 
2. Limestone, gray, fine-grained, grading up into the bed 

above through 3 to 4 feet of mottled transition beds 20 
1. Dolomite, buff, massive. Exposed...... .. ... . ......... 12 

The contact between beds 1 and 2 is not sharp, but the degree 
of d~lomitizatio'n gradually decreases upwards through an in­
terval of several inches. Similarly, the change from the' lime­
stone of bed 2 into the dolomite of bed 3 is not abrupt, but three 
to four feet of limestone in the upper part of bed 2 is blotched 
with small irregular patches and disseminated crystals of 
dolomite. 

In the Williams and Davis quarry, located a few rods east of 
the "Devil 's Backbone," beds 2 and 3 of the above se.ction are 
again exposed. The contact of the beds at this point is abrupt 
and 'regular, and no ' well developed transition zone was noted. 
According to barometric measurements, the contact comes at 
the same level here as in the preceding section. 

The Cedar Valley ·Limestone.-Instructive data on the rela­
tions of dolomite to limestone are furnished in ' an outcrop of 
Cedar Valley limestone at Portland, Iowa. The following sec­
tion appears near the bridge over Lime creek, at . this place : 251 

"'''After Calvin, la. Geol. Survey, Vol. VII, 1896, p. 151. 
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FE;ET 
6. Dolomitized bed with casts of thin laminar expansions 

of stromatoporoids, exposed between bridge and mill 5 
5. Coarse granular dolomite in thin layers . . ....... . .... . 3 
4. White limestone with 'some stromatopores, the definitely 

bedded portion of the stromatopora reef ....... .... . 2 
3. Stromatopora reef, with spheroidal corolla, but, more 

perfectly stratified than at most exposures . .. . ...... 4 
2. White limestone, evenly bedded .. ......... . .. ... .. ... 3 
1. Dolomitized limestone in heavy layers . . . . . .. ... . . .... 13 

The contacts of beds 1 and 2, and of 4 and 5, are very abrupt" 
no transition of any sort being noted, but small irregular patches 
and seams of brownish; granular ,dolomite appear locally in 

, I 

beds 2, 3, and 4. In bed 4 an irregular network of thin dolomite 
streaks which tend to weather out in relief is developed. At 
the mill, a fe~ rods above the bridge, bed 6 passes laterally from 
a uniformly dolomitize,d limestone through transition beds con­
sisting of grayish, fine-grained limestone with streaks and 
patches of dolomite, to a nearly pure limestone, and all this 
within an: interval of about four feet. ' 

It is clear, then, that we are dealing here with pseudo-intel"'­
bedding produced by the selective dolomitization of certain 
layers after the whole series was deposited. 

A bluff section of Cedar Valley limestone and dolomite at 
Parker's Mill on Willow creek at Mason City, Iowa, als'o is of 
considerable interest in this conneetion. Calvin's description 
of this section is as follows.252 

FEET 

6. Stromatopora r~ef, equivalent of No.5 of the Kuppinger 
quarry .. .. .. . .......................... . ," . ....... . 4 

5. White limestone somewhat split up by weathering. . .. 14 
4 . . Evenly bedded dolomite, in ledges varying from 3 to 30 

inches in thickness . .... . ......... . ........... . . . . 12 
3. Impure dolomite, breaking irregularly by exposure to 

,w'eather, and containing many cavities lined by crys-
tals of 'calcite .. .. ..... . ....... ' ............... .' . . .. . 2 Y2 

2. Crumbling, calcareous, granular bed, light gray in col­
or, with many modular and branching stromatopores, 
some Favosites and beautiful corolla of Pachyphyl-
,lum woodmani .. .. ........ .. . ................. ... . 1 

1. Argillaceous . limestone, dark drab in color, homoge­
neous, but breaks up on exposure to frost. . . . . . . . . . . 2 

262Ia. G"eol. Survey, Vol. VII, 1896, p. 149, 
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The contact 9f beds 2 and 3 is 'fairly regular and no boundary 
phenomena 'of importance were noted along it. But the boun- . 

,dary between beds 4 and 0 exhibits some interesting features. 
Thus numerous thin, discontinuous seams of :fine~grained com­
pact gray limestone are preserved in the upper portion of bed 
4, and at some points the upper layer of this member is seen to 
pass laterally into unaltered limestone. Also, a transition from 
the dolomite of this member to the limestone above takes place 
locally through a thin zone of compact gray limestone with 
rather large ' crystals of dolomite disseminated through it. 
The upper boundary of this dolomite ' bed, therefore, is very 
indefinite, and is not an ordinary stratigraphic plane of 
separation. ' 

"Interbedded" relations of limestone and dolomite are wen 
developed in this formation at several , localities in Mitchell 
county, Iowa. The discontinuous character of some of the 
dolomites in this region is well illustrated by a small exposure 
along the roadside two and' one-half miles south of ,St. Ansgar. 
At the north end of the exposure a bed of unaltered gray lime­
stone two feet eIght inches thick, filled with colonies of stromato­
pores, is underlfJ,in by one foot of dense, white lithographic lime­
stone. But as these layers ex~end southward a few yards they 
both pass abruptly into brownish dolomite at a point where they 
are j.ptersected by a joint. In this dolomite the stromatopores 
are 'largely obliterated and the dolomitized lithographic stone 
is much coarser~grained than is the unaltered facies. The lower 
layer continues as dolomite as far as it may be traced in the 
'exposure, but th,eupper layer which bears the stromat.opores 
changes back within a few feet into imperfectly altered lime- -
stone which bears only thin seams and patches of dolomite. 

The Chandler cliff section of the Cedar Valley limestone in 
the east bluff of the Cedar river one and one-half miles due 
west of Osage, Iowa, again furnishes some valuable data on the 
nature of the "interbedded" dolomites of this formation. The 
section here, modified after Calvin253 in order to show the rela­
tions of dolomite to limestone in a more detailed manner, is 
given below. 

" ' Ia. Geol. Survey, Vol. XIII, 1902, p. 313. 

, I 
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FEET INCHES 

26. Residual clay with. thin weathered flakes of 
limestone ................. . .... ............. : 4 

25. Dolomite, coarse-grained, weathered ..... ..... 6 
24. Limestone, lithographic, 1;Jearing imperfectly 

preserved stromatopores ........... .. .. ... 1 
23. Limestone, shaly .............. . ............. 1 
22. Limestone, light gray, lithographic..... ... .... 2 
21. Shaly parting' .......................... . ... . 1 
20. Limestone, lithographic, light gray, lower por-

tion sometimes imperfectly dolomitized.... . 2 6 
. 19. Shaly parting .......... ........ .. ............ 2 

18. Limestone, light gray, lithographic, locally grad-
ing .into dolomite in part.... . ............. 1 

17. Dolomite, coarse-grained ..................... 1 
16. Limestone, fine-grained, laminated ........... 1 
15. Dolomite, coarse-grained, brownish, in layers 

six inches to a foot in thickness, with casts 
of brachiopods in upper portion. . . . .. . . . . . . . . 4 

14. Shaly parting ........................ ....... 6 
13. Limestone, consisting of lithographic nodules 

in a granular matrix. .. . . . . .. . . .. .. . . ... . . . . . 1 2 
12. Limestone, light gray, lithographic, in one heavy 

layer, locally passing wholly or in part into 
coarser-grained, darker dolomite. In some 
parts only the upper and lower portions of 
the layer are altered. Again, in others the' 
middle portion only is dolomitic. Where the 
layer is only slightly altered it bears small 
disseminated rhombs of dolomite which stand 
out in relief on weathered surfaces. .. . . . . . . . 1 2 

11. Shaly parting . . .. ... ......... .. ..... .. ...... 6 
to. Dolomite, rather coarse-grained, dark gray, lo-

cally grading into compact gray limestone. . . 1 6 
9. Shaly parting .. . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . 2 
8. Limestone, lithographic above but granular be-

·low, in one heavy layer .......... . , . ..... : . 1 6 
7. Limestone, light gray, lithographic ........... 0. 1 1 
6. Shaly decayed limestone .. ......... ........ .. . 1 
5. Limestone, light' gray, crystalline ............. 1 2 
4. Dolomite, yellowish, with occasional small rem-

nants of limestone in basal portion; no fossils 
noted .. .... . .. . ....... :. ... ............... 9 

3. Dolomite, yellowish, structureless, bearing casts 
of Athyris vittata, with a few remnants of 
dense gray unaltered limestone in which the 
shells of this fossil are preserved..... . . . . . . . 12 

2. Dolomite, in the form of two heavy, irregular 
beds which ·contain many shapeless cavities 
lined with calcite . . ............ .' ........... 5 

1. Dolomite, in regular layers. . . . . . . . . . . . . . . . . . .. 15 
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Pseudo-inter bedding effects are typically shown also by the 
Cedar Valley limestones in the exposures at and near Fairport, 
Iowa. A section exposed in the north bank of the Mississippi 
river near the pottery works at this place is as follows:254 

8. Dolomite, rather hard, massive ..... . 
7. Limestone, fine-grained, hard, emitting a bi­

tuminous odor when struck with the hammer, 

FEET INCHES 

3 

imperfectly dolomitized locally ............. 2 3 
6 . . Limestone, compact, charged with ramifying 

growths of Idiostroma, in some parts partly 
changed to dolomite........................ 1 6 

5. Carbonaceous material in the form of a thin 
seam. ...................................... 1 

4. Limestone, bearing large stromatopores, Am­
plexus and other fossils, imperfectly dol om i-
tized locally .. .. ........................... 1 

3. Dolomite, dark, with unaltered corolla of Cyatho­
phyllum and with occasional stromatopores, 
locally passing wholly or in part into un-
altered gray' limestone ............. . ..... .. 1 6 

2. Dolomite, dark, filled with the nearly obliterated 
corolla of stroma top ores and corals......... 8 

1. Dolomite, soft, bluish, in rather heavy ledges, 
containing casts of brachiopods..... ........ 2 

Exactly the same relations are shown where this formation 
is exposed on Robinson creek; one-half mile west of Montpelier, 
Iowa. Here one bed of dolomite seven feet thick appears in the 
upper portion ·of · the outcrop and another with an exposed 
thickness of five feet in the basal portion; and between these 
intervenes about ·four feet of limestone blotched with irregular 
patches of dolomite. 

The Spergen Limestone.-The Spergen limestone -frequently 
exhibits imperfect dolomitizat.ion phenomena and among these 
pseudo-interbedding is sometimes characteristically developed. 
Such relations are well shown in the old Fox quarry openings 
along the Chicago, Rock Island· and Pacific railway track about 
one mile south oJ Belfast, Iowa. N ear .the mouth of a small 
ravine 4ere the following section appears: ' 

"'Revised after J . A. Udden, la. <:leol. Survey, Vol. IX, 1898, .p. 283 ~ 
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FEET INCITES 
SAIN T LOUIS: 

7. Limestone, conglomeratic, imperfectly dolomi­
tized, consisting of dolomitic and non­
dolomitic blocks indiscriminately miJgled, 
marly towards the base .. ,' . . .. " . . . . . . . . ... 11 
Disconformity. 

SPERGEN: 

6. Limestone, gray, crinoidal, thin-bedded . . ".. ... . 4 
5. Dolomite, brownish, slightly arenaceous. . . . . . . . 4 4 
4. Shale, calcareous and arenaceous. . .... .. .... . .. 2 
3. DolOl;l1ite, bluish, arenaceous ...... . ........ .. " 1-2 
2. Limestone, gray, crinoidal, with a thin irregular 

seam of buff dolomite in middle portion. . . . . 4 
1. Dolomite, brownish, arenaceous, in one. massive 

ledge. Exposed...................... .. .. .. . 10 

Bed 2 has very wavy upper and lower boundaries due to the 
encroachment of the dolomite of the beds above and below upon 
it and at one point it passes entirely into dolomite for a short 
distance. In another exposure along the railway sixty rods 
farther south, the selfsame beds of the Spergen are dolomit5.c 
from top to bottom. The coarse-gr.ained crinoidal limestone 
members of the preceding section are represented 'here entirely 
by fine-grained, brownish dolomite. 

The Saint Louis Limestone.-Several occurrences of pseudo­
interbedding have been noted in the Saint Louis limestone. In 
southeastern Iowa this feature is exhibited along with other 
phenomena of imperfect dolomitization. The formation is 
dolomitic from top to bottom at one locality while at another 
only a few miles away only a few layers are dolomitic . . For 
example, in a' bluff on Mud creek one mile east of Lowell, th,e " 
Lower Saint Louis is represented by a massive buff dolomite 
thirty to forty feet in thickness, while in another section three 
miles northwest of Denmark and only about five miles away 
the selfsame formation is represented entirely, with the excep­
tion of a single dolomitic layer about three feet thick, by fine­
grained, c~mpact, gray limestone. 

In the government quarries at Little Rock, Missouri, the 
Saint Louis shows similar relations on a smaller scale. At the 
south end of the northernmost opening there appears a bed of 
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buff dolomitic limestone five feet in thickness, lying between 
beds of unaltered, compact, fine-grained limestone. Northward 
in the quarry face, however, the upper and lower portions of the 
dolomite grade gradually into limestone. ' At 100 yards its thick­
ness has decreased to 3V2 feet · and .at 150 yards the · dolomite 

. has so nearly disappeared that only thin seams and stringers 
remain. A, few yards farther north no trace of dolomite is to 
be seen, but the bed has changed completely into a medium7 
grained, slightly oolitic limestone. 

Another remarkably good exhibition of "interbedding" of 
limestone and dolomite doubtless due to differential dolomitiza­
tion is found in the Saint Louis limestone in the vicinity of 
St. Louis. The following table, comprising a description of each 
individual bed and its composition, compiled from the report of 
G. E. Ladd,255 will show the relations existing'in the · Martip 
.Lorenz quarry, which is situated along the Iron Mountain and 
Southern railway track near Cahokia Street. The high siliceous 
content of some of the dolomitic layers of this section is worthy 
of notice. 

"""Mo, Geol. Survey, Bull. 3, 1890, pp, 54, 55, and 76, 

, 
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, TABLE VII. 

DESCRIPTION 

Limestone, light gray, darker t~wards top, fine-grained ...................... . 
Limestone, as above .................... . ................... . ... . .. ...... .. . 
Limestone, light yellow and gray, soft .... . .... . .... . ................. . .... . . 
Limestone, light and dark gray, varying texture, compact, J5rittle, hard . . ... .. . 
Limestone, gray, fine-grained, jointed ........ . ... ...... ... . .... ............. . 
Limestone, light gray, fine-grained, color and texture variable. " ., . ..... . ... . . 
Limestone, dull gray to yellowish, harder towards base ........... .. ......... . 
Limestone. brownish and gray, coarse-grained, shaly near top. '.' . ....... . .... . 
Limestone, as in bed above .......... . ................ . ...... . ........... . . . 
Limestone, dull gray, very fine-grained ..... . . . ................. . ........... . 
Limestone, drab, hard, brittle, lithographic, shale seam 1 in. thick at base ... . 
Limestone, gray, hard ............ . ..... .. . . .. .... .. .. .. ... ........ ..... .. . . 
Limestone, light drab, with dark bands ..... . . .... .... .. . ... . ......... . ..... . 
Limestone, dark gray, carries layer of chert ...... ... ..... ......... ..... .... . . 
Limestone, light drab, fine-grained, layer of . chert 3 feet from base .. ......... . 
Limestone, dark gray, bearing geodes lined with calcite crysta1s ... .. ....... . . 
Limestone, light gray, soft, chert concretions near top . ........... ..... .... : . . 
Limestone, gray, coarse-grained ............... . ........ .. . . . . .. ..... . .... .. . 
Limestone, as above .... .. .. .... . .... ...... ........... .. .. .... . .. . ......... . 
Limestone, dark gray to brownish, lower sixteen inches cherty .............. . 
Limestone, brown, otherwise like bed above ............ . .... . . ..... ......... . 
Limestone, drab, hard, brittle, fine-grained, lithographic ..... ... . ............ . 
Limestone, dark gray, coarse-grained, hard, in three ledges .......... ... . . ... . 

Total Thickness . . ... .. ... ..•.. ... ..... . . .... . .. ... . ......... .. .. . ... ... 

The Upper Jurassic Limestone.-Nahnsen256 has mentioned' a 
case of pseudo-interbedding in the Upper Jurassic of North 
Germany. Here a horizontal seam of dolomite with wavy 
boundaries appears in a limestone member which rests on a bed 
of dolomite. N ear its borders the seam shows a pseudo­
brecci~ted effect due to the presence of irregular remnants of 
limestone in the dolomite. 

ill. Evidence Bearing oil the Leaching Theories. 

THE SURFACE LEACHING THEORY. 

Of the points wh.ich may be advanced in support of the sur­
face leaching theory, the following are perhaps the most im­
portant: 

1. The development of dolomite along lines of weakness, 
such as fractures, in limestone. ' 

""'Neues .Jahrb ., Beil. Bd. 35, 1913, p . 277. 
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THICKNESS . COMPOSITION 

FT. I N. Insoluble I Al,O.+1 .... e20. \ . CaCO. MgCO, 

1 6 6.53 0.83 83.85 8.16 
1 10 8.02 1.01 79.40 10.81 
0 8 9.97 1.07 70.80 10.86 
2 10 3.44 .37 92.05 3.67 . 
2 6 4.61 .34 93.85 .99 
2 · 6 6.08 .61 78.15 15.81 
4 2 11.63 3.10 52.85 29.25 
3 0 2.83 .19 94.75 .97 
2 4 6.79 .55 90.55 1.06 
0 5 8.77 1.35 56.45 31.95 
1 0 7.64 .80 84.75 5.27 
0 9 11.02 2.50 57.80 26.33 
1 10 6.29 .95 84.95 5.98 
3 11 1.97 .35 87.60 8.66 
8 .2 10.40 11.75 68.30 17.22 
0 8 3.20 .40 93.20 1.44 
2 0 19.96 4.80 51.60 19.22 
1 10 2.32 . .26 9 .35 1.70 
0 10 1.64 .25 95.70 1.10 
4 0 5.77 .43 89.95 2.23 
3 9 2.84 .25 93.60 2.23 
1 6 ~.n .35 93.75 2.38 
3 4 2.77 .40 92.40 .3.22 

56 4 

2. The apparent tendency of dolomite to be developed in 
limestone at those points where CO2 and humus acids 

are most abundant. 
3. The vesicular character of some dolomites. 

4. The existence of stalactite and stalagmite deposits of 
nearly pure CaCOv in caverns in dolomitic limest.one. 

5. The increase in the magnesium content of weakly dolo­
mitic limestone as an accompaniment of weathering. 

The Development of DoJomite along Fractures.-The occur­
rence of dolomite along fractures in limestone has been taken 
by some to mean that dolomite so related has been formed by 
the leaching out of the excess of lime from a we~kly dolomitic 
limestone by solutions which circulated along these lines of 
weakness. This would seem to apply especially well to certain 
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dolomites of the Lahn aistrict, as pointed out by Grandjean. 
Bischof/57 in summarizing the . data furnished by this. district, 
s~ys: 

Wherever the fissures and cracks of the slightly inclined lime­
stone strata have facilitated the penetration of water, there the 
production of dolomite appears to have taken place to the great­
est extent. The strata which, by their exposed situation, were 
most subject to this 'penetration, present the most advanced 
state of alteration. But in the lower beds of limestone there has 
been but little, if any, production of dolomite. The dolomite, 
and the partially altered beds of limestone adjoining it, are 
traversed by numerous cracks, fissures, and cavities; and where 
the alteration is more advaneed, the iron and manganese com­
pounds, to which the colour is due, have been separated 
Since tbe alteration of limestone, in consequence of the pro­
duction of dolomite, may often be traced, even in a band speci­
men, from the first stage, to the total conversion into a~ argilla­
ceous mass, Grandjean infers that where the level character 
of the surface facilitates the continuous action of water, the 
limestone may be ultimately converted into clay. 

An analysis by Bischof of a sample of limestone from Tief­
enbach in this district showed it to have the following compo­
sition : 

PER CENT 
CaCO. . ....... . . ....... .. .. . ........................... 6-9.90 
MgCO, .. .. ... .. . ..... ...... ......................... .. .. 2.34 
FeCO,+MnCO, .... . ............. . . .... ... ......... . .. .. 8.18 
Clay ............................. . ................. .... 20.43 

As to the relative importance of leaching as compared to ­
ground water dolomitization in the production of the Lahn dolo­
mites, there may be some difference of opinion. If the analysis 
.given above is representative of the limestones of the district, 
it is difficult to understand how leaching alone could give rise 
to the dolomite, since the proportion of clay and of iron and 
manganese in ' the rock would tend to increase so much more _ 
rapidly than the magnesia that the' latter would be largely ob­
scured. But that the magneSia liberated by the complete break­
ing down of the limestone into clay on the surface may have 
aided in the formation of dolomite along fractures in the lime-
. :." Elements of Chemical and Physical Geology, English translation, Vol . 3, 1859, 
p. 193. 
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stone below must be regarded as possible, since deposits of 
, residual clay bearing iron and manganese ores, are common in 
the district. . 

L·ocal Development of Dolomite where CO'.! and Hwmus Acids 
are Generated.-If it could be shown positively that local occur­
rences ' of dolomite in limestone are in some way related to the 
amount of CO2 and humus acids permeating the rocks, more 
tangible evidence of the production of these -dolomites by leach­
ing would be available. Phillipi258 has obtained some data bear­
ing on this point, but the evidence cannot yet be regarded as 
conclusive. Thus, the Conchodon limestone, which is only locally 
and imperfectly dolomitized, seems to be most strongly altered 
where it is permeated by water rich in CO~ and humus acids. 
In the heights, on the other hand, where waters poor in C'02 

penetrate the rock, it is either not at all, or but little altered. 
The area examined by Phillipi, however, was not sufficient to 
prove that these relations were ' constant and pending further 
study too much ·emphasis should not be placed upon this appar­
ent relationship. 

The Vesicular Character of Some Dolomites.-Dolomites 
formed by surface leaching should' be expected to be very porous 
and vesicular as a result of the removal of large quantities of 
CaCOa, but not all vesicular dolomites have resulted from leach­
ing, since it i's well known that shrinkage ' effects characterize 
many dolo,mites which have resulted from the replacement of 
limestone. This criterion, therefore, must be applied judiciously. 
When, however, a dolomite possesses a porosity exceeding 12 
per cent the balance of evidence is in favor of the theory that 
leaching operated to some extent at least. 

Certain dolomites of the Carboniferous of Ireland exhibit con­
siderable solution effects according to Hardman.259 For in­
stance, at Drumreagh near Coal Island beds of dolomite inter­
'stratified with ordinary blue fossiliferous limestone ,are very 
cavernous, as fully half of the rock has been removed and has 
left numerous spar-coated cavities. But dolomites e4hibiting so-

'""Neues Jahrh., 1899, Vol. I, p. 44. 
"·Proc. Roy. Irish. Acad., 2d ser., Vol. 2 (Science), 1875-77, p. 723. 

25 ' 

:. 
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lutio:u' effects are rar'e 'and unless we assume 'that the ' gradua] 
settling and re-accqmmodation of the limestone hasacc'6mp~lIi­
ied leaching it is difficult to conceive of dolomite having-been 
formed· extensively in this manner . . Hall and SardesoIi./6o to be 
sure, have advocated that a great reduction -in volume by means 
of leaching has accompanied the formation 'of the 'Luwer· Mag­
nesian series of the Upper Mississippi Valley, but the field evi­
dence of such a volume reduction is wanting. Some of the ob~ 

stacles encountered by the leaching theory in this respect have 
been demonstrated by Skeats,261 who showed that an original 
rock containing 1 per cent of MgOO& would have to _be removed 
by solution to the extent of 80 per cent before the MgOOs of the 
remainder reached 5 per-cent, and to the-extent 'of 90 per cent 
before the MgOOs content attained the proportion of 10 per cent. 

On the whole, therefore, the shrinkage phenomena of dolo­
mites are not favorable to the idea of their having been formed 
extensively by surface leaching alone. , But there can be no 
doubt that leaching has given rise to considerable enrichment 
of the magnesium content of limestones already dolomitic. For 
example, the unaltered calcareous skeletons of fossiis have been 
leached out of most fossiliferous dolomites and when large num­
bers of these ' were present originally, their removal must have 
given rise to a notable increase in the proportion of the mag­
nesiuin in the rock. The coral r eef facies of the Niagaran dolQ­
mite of the Upper Mississippi Valley must have been consid-
erably enriched in magn'esia in this way. ' . 

Stalactite and Stalag'mite Deposits-in Dolo'mitic Limestones.­
The occurrence of stalactite and stalagmite deposits ~f nearly 

pure , OaOOs, in the caverns .of d.olomitic limesto:r;les 4a~ been 
cited as positive proof of the possible operation of leaching on a 
large scale. Several such occurrences are kno-wn. Hardman,262 
upon analyzing both a stalagmite and a sample of the dolomitIC 
iime~tone from the Dunmore Oave of Kilke~my coup.ty, ' Ireland, 
found , a ,marked. contrast in the .. magnesia content of t~e two 
specimens. The analyses are reproduced below. 

"·Bull, GeoL Soc, America, Voi, 6, 1895, p , ' 167, 
2elQuart. Jour. Geol. Soc. London, Vol. 61 , 1905, p . 132, 
' 02Proc. Roy. Irish A cad ., 2d ser ., Vol. 2 ( Science ) , 1875-77, p , '718 , 
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SiO, ......... . ............. .. .. ...... ... . 
Fe,O.+Al,O •.. .. ..... . . . ..... .. .......... 
CaCO •...... . ... ... .... . . . ........ .. .. . .. .. 
MgCO • ........... ... ... .. ..... . . .. .. .... 
FeCO • •. .... . .... ... .. ... . .. . . . .... . . . .... 

Total ... . . .... . . ... . . .. . . . ......... '1 

LIMESTONE 
PER CENT 

1.92 
4.32 

68.21 
24.00 

.90 

99.35 

STALAGMITE 
PER CENT 

.23 
97.12 

.79 
1.86 

100.00 

Similarly, Hogbom,20S upon analyzing the stalactite from cav,es 
in the Bermuda reef stone, found only .18 and .68 per cent of 
MgCOs respectively, while the reef stone itself contains about 
five times this amount. 

The presence of veins and d-ruses of calcite in dolomitic lime­
stone also must be taken as indicating that some removal of 
CaC03 from these limestones has taken place. Veinlets of calcite 
eommonly traverse the deformed Cambro-Ordovician dolomitic 
limestones of the Appalachian region. 

The operation of surface leaching, on a small scale at least, 
then, must be regarded as certain. But there is little evidence 
that enrichment of limestones in magnesium in this manner has 
gone far. 

Increase in Magnesium Content with Weathering'.-The pro­
gressive increase in the magnesia content of limestones low in 
MgCOs with weathering must be regarded as lending strong 
support to the surface leaching theory. Hiltermann264 found 
such a rise in the proportion of MgCOs in the weathered lime­
stones 'of the German Trias. Thus, a fresh sample of the Grenz 
limestone' contained 54.69 per cent of CaCOs and 3.69 of MgCOs, 

while'the weathered rock yielded 11.96 of the former and '5.83 of 
the latter: Although considerable importance has been attached 
to these results by some, it is difficult to understand 'how this 
process could operate t,o produce other than very impure, argil­
laceous dolomites, because of the marked increase in the propor­
tion of the insoluble matter of the rock as a:p. accompaniment of 
the leaching. Unless it be assumed, therefore, that the original 
limestone is almost ideally pure, a type of limestone which is 
rare in 'nature, the -leaching ~heory meets with grave difficulties .. 

263Neues Jahrb . , 1894, Vol. I, 271. 
'''Quoted by Phillipi, Neues J a hrb., 1899, Vol. I, p . 34. 
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THE MARINE LEACHING THEORY. 

That sea water has' the power to remove the CaCOs more 
rapidly than the MgCOa from limestone and calcareous ooze 
low in the latter 00nstituent must be admitted by all. Some of 
the facts which indicate this are: 

1. The testimony of recent and near-recent marine calcar~ 
eous deposits. 

2. Actual demonstration of marine leaching on a small 
scale. 

3. Obliteration' effects and porous structures in recent dolo­
mitic coral reefs. 

Te$timony of Recent and Near-Recent Marine Calcareous De-
,posits. - Hogbom265 has sought to show that certain marine 
Quaternary marls of Sweden exhibit a progressive increase in 
the M,gCOa : CaCOa ratio the further they lie from their orig­
inal source, a Silurian argillaceous rock. (See Table VI, p. 293.) 
Thus, a sample nearest the source yielded 32 parts of CaCOs 

and 1.2 of MgCOs, while the sample farthest away gave only 
3.3 parts of CaCOs and 1.2 of MgCOs• This is interpreted by 
him as meaning that the longer the sediment was in suspension 
and the farther it was carried from the source the more the 
Ca COs was removed and the proportion of MgCOs increased. 
The analyses of deep sea deposits furnished by the Qhallenger 
Report also are regarded by Hogbom as significant in this con­
nection (see Table V, p. 293), but the MgCOs content of these is 
low, as in the case of the above mentioned marls, since it does ' 
not exceed 2.1 per cent, while the CaCOa content also is low 
for the most part, and the insoluble matter is very high. It is 
difficult to understand, therefore, how these dat.a can be ap­
plied in predicting the 'conditions of the formation of extensive 
dolomites nearly free from insoluble matter yet rich in MgCOa • 

.Act~~al Demonstration of Marine Leaching.-That marine 
leaching is capable of enriching the magnesia content of cal­
careous deposits, on a small scale at least, has been proven both 
by Murray and Irvine and by Hogbom. ' For instance, ' Murray 

' ''See ante, p. 293: 
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and Irvine266 found a much higher per cent of MgCOs in the outer 
portions of the umboes of the giant clam, Tridacna gigas) than in 
the internal and m6re newly formed shelllay,ers, and Hogbom26T 
has demonstrated the operation of leaching in the Bermuda 
coral r eefs. Thus analyses by A. R. Manzelius of the reefstone 
and of the fine lagoon mud derived from it showed a greater 
proportion of MgCOs in the latter than.in the former. 

Ca:CO. I MgCO. 

Coarse reefstone .. .. . . .... . ...... . ... . . . 95.43 1.64 
Reefstone with gastropod fragments . .. . . . 96.11 2.13 
Coarse white lagoon mud ....... ... . .. '" .. 97.47 1.79 
Fine terra-cotta colored lagoon mUd . .. . ; .. 92.93 4.04 

. Upon the strength of these data the conclusion is reached by 
Hogbom that if the fine mud were suspended long enough its 
enrichment in magnesia might proceed to such an extent that a 
dolomitic sediment might in the end result, but definite proof 
of this is wanting. 

Obliteration Effects and Porous Struotures in Recent Dolo­
mitic Coral Reefs.-Shrinkage and obliteration ·effects are not 
necessary accompanirqents of marine leaching, since the removal 
of Ca COs may sometimes go on in the fine calcareous sediment 
as it is being deposited, as in the lagoons of the Bermuda reefs. 
Where, however, th~ leaching is supposed to have taken place 
in coral reefs, a porous structure should be shown by these. 
The·more dolomitic portions of the Funafuti reef are said to be 
cavernous and Judd268 states that much of the mineral substance 
of the skeletons of calcareous algre appears to have been removed, 
But Skeats269 points out that the dolomites of the upraised coral 
islands of the southern Pacific, which exhibit all stages of 
replacement by dolomite, also are cavernous. Shrinkage and 
:related phenomena of dolomites cannot, therefore, be regarded 
as indicativ,e of their having been formed by marine leaching. 

"'Cited ' by Judd, The Atoll ' of Funafuti, p. 378. 
201Neues Jahrb ., 1894, Vol. 1, p . 279. 
208The Atoll of Funafuti, p . 384. 
"'Bul1. Mus. Compo Zoo!., Vo!. 42, 1903 , p. 115. 
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PETROGRAPHIC EVIDENCE. 

In many instances dolomite can be distinguished from calcite' 
in thin section by its tendency to take on a charac~eristic yel­
lowish tint and by its more perfect rhombohedrons, which are 
almost invariably larger than the associated calcite .grains and 
are much clearer . . For careful differentiation of the two car­
bonates, however, mIcrochemical tests must be resorted to. In 
the present investigation Lemberg's solution270 yielded very 
satisfactory results. Upon applying this solution to the section 
the calcite is color,ed' pink, while the dolomite remains un­
affected, and in this way the most intimate relations of the two 
minerals are made clear. It should be, stated, however, that this 
test furnishes no reliable guide to the exact amount of mag­
nesia in the rock, for homogeneous crystals containing not more. 
than 23 per cent of MgOO~ react in the same way as normal 
dolomite. But this in truth must be regarded as a dis'tinct ad­
vantage, for alterations of only a slight degree are indicated as 
well as the more marked ones. 

I. Evidence Bearing on the Primary Deposition Theories. 

A. The Chemical Theory.-Some compact dolomites possess 
an extremely fine and uniform grain, and this feature has led 
some to believe that such dolomites represent chemical deposits. 
]for instance, Daly271 has described a pre-Oambrian dolomite of 
the Rocky Mountains region which consists of roughly ,rhombo­
hedral and anhedral grains, the former of which range from 
.01 to .03 millimeter and the latter .005 to .03 millimeter in 
diameter. By him the fine and monotonous 'grain of this rock 
is regarded as strong evidence of its primary character. In 
order to test the validity of this argument the finest grained 
dolomites of unknown origin encountered by the writer in these' 
studies were compared with the finest grained dolomite of known 
secondary origin. Thus the Jefferson City -dolomite of the 
Ozark region, whose origin is not known from the field evidence; 
contains unusually dense and compact layers which are seen 

"".For the composition of this solution and method of preparing it see W. F. H!lle-
brand. BulL U. S. GeeL Survey No, 422 , 1910, p, 211.' . . 

211Bull. Geol. Soc. America. VoL 20, 1909, P. 153 .. 

" 
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under the niicr.osc.ope' t.o be made' up .of ~inute 'g~anule~ ra~ging 
fr.om .ooi to .045 millimeter in diameter, aith.ough the maj.ority 
.of the' grains are 'bel.ow .003. The size .of grain .of this rock then, 
acc.ording t.o Daly's argument, suggests that it· is a chemical 
'precipitate. ' But' the strength .of this interpreta.ti.on is greatly 
weakene.d by the fact that an equally fine-grained d.ol.omite, which 
is kn.own fr.om the ' field ,evidence t.o , be an alteration pr.oduct, 
has been found iIi the Fayette limest.one near Bertram, ' I.owa. 
The latter d.ol.omite has resulted £r.om the d.ol.omitizati.on .of a 
dense, lithographic-likelimest.one with the appr.oximate reten-
tion .of the .original texture. ", 

B. 'the Clastic Theory.-As regards the p.ossibility that 
s.ome d.olqmites are .of clastic .origin, n.one has been f.ound which 

' exhibits any ' signs .of clastic structure. But that the .original 
structure in r.ocks .of this type might have been .obliterated 
during recrystallizati.on is easily c.onceivable. S.ome.of the d.ol.o­
mites .of , sllPp.osed clastic .origin d.o~ h.owever, sh.ow .other fea­
tures which suggest a primary .origin. F.or example, fragments 
.of calcare.ous f.ossils sh.owing n.o trace .of c.orr.osi.on are c.omm.on 
in the impure silice.ous d.ol.omites .of the Ke.okuk f.ormati.on at 
Ke.okuk,I.owa. The experience .of the writer has been that such 
f.ossils as .occur in sec.ondary dolomites arc at least partly .ob­
literated by the invasi.on .of dol.omite. The fact that certain 
impure, siliGe.ous d.ol.omitic limest.ones are seen in thinsecti.on 
t.o be cl.ouded with dark inclusi.ons als.o might be regarded as 
p.ossible evidence .of their clastic .origin, since , n.o known sec­
ondary d.ol.omites have been .observed t.o exhibit this t.o the same 
degree. 

II. Evidence Bearing on the Alteration Theories. 

T'urrilng: n.ow t.o the petr.og'raphic 'evidence bearing on the 
alterati.on the.ories, we have much m.ore definite data. Indeed, 
by virtue .of the fact that the transf.ormati.on in many instances 
has been halted bef.ore it pr.oceeded. t.o c.ompleti.on, we are .often 
able tb trace all stages of dol.omitizati.on fr.om a limest.one sh.ow­
ing t>rily: iIicipient alterati.on t.o a go.od d.ol.omite. Thus, it is 
p.ossible' 'to describe the steps normally ' passea. thr.ough during , 
the transformation .of 'a: limest.one to d.ol.omite. 
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The Alteration of Fine-Grained Limestones.--":'So far as the 
testimony of the microsc()pe goes, the fine.:.grained limestones 
are more susceptible to alteration than the coarse-grained ones, 
a fact which is in keeping with the laws of chemistry . . The evi­
dence also points to the fact that the alteration does not pro­
ceed in ,exactly the same manner in the two types of limestone. 

The alteration of fine-grained, compact limestone appears to 
be aC~9mpanied normally., by a notable increase in size of grain. 
Frequently the ' average diameter of the dolomite crystals 
formed· is many times greater than that of the original calcite 
grains. But iIi rare cases, such .as that of the dense' dolO1:;nite 
of the Fayette formation referred to a,bove, ·the original struc­
ture and texture are approximately retained. In the dolomitiza­
tion of such fine-grained limestones the replacement in ' some 
cases proceeds uniformly over a large front, but in most i'n­
stances it begins at many centers throughout the rock and 
spreads outwards from these; or if the rock possesses fine strati­
fication the replacement may follow closely these original lines 
of weak:qess in the early stages. In those cases where the altera­
tion began at certain favorable centers and spread out from 
these, fucoid markings in a few instances have served as the 
nuclei, as in, .case of the Tribes Hill limestone. The exact nature 
of these fucoids is not revealed in thin section. When they have 
been changed to dolomite their original structure is of course 
mainly lost, but where they are still partly or wholly preserved 
in the unaltered condition they are differentiated from the 
adjacent limestone only by the fact that the calcite grains are 
clouded with dark inclusions suggesting carbonaceous material. 
None of them has been found to possess any signs of organic 
structure. ' ,. 

Again, there are cases in which the dolomitization in its early 
stages is known to have .attacked calcareous algre. This is par­
ticularly true in the . Chazy limestone of the Lake Champlain 
region, where it exhibits evidences of incipient alteration. There 
are several specimens from this region in the writer's collection 
which show algre of the Girvanella type in an advanced stage of 
alteration while the adjacent limestone areas are but little if at 
all affected. Still other fossils are known to have been selectively 
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replaced in the early stages of dolomitization. Thus,dolomitlzed 
tests of the gastropod Ophileta have been observed in unaltered 

,Beekmantown limestones at Ft. Ticonderoga, ,New York, and 
the tests of Maclurea are similarly affected in the Chazy near 
Shoreham, Vermont. Similarly ' the tissues of Stromatopores 
have been selectively replaced during the imperfect dolomitiza­
tion of the Cedar Valley limestone at Fairport, Iowa. Ther·e 
can be no doubt that fossils frequently have served as the ::;;tart­
ing point in the early stages of dolomitization. But there is 
convincing ,evidence that this has not always been the ' case, for 
many instances are known where the alteration has proceeded 
independently of the organisms imbedded in the rock. In the 
Galena limestone of northeastern Iowa and in the ElVins forma­
tion of southeastern Missouri the transformation is inaugurated 
by the appearance of minute patches or isalated crystals in the 
fine-grained limestone and the gradual enlarg·ement of these 
areas at the expense of the limestone.' But whatever the nature 
of the early stages of dolomitization, whether they were influ­
enced by organisms or not, the later stages are always the sain-e, 
and uniformly dolomitized limestone is the ultimate product in 
each case. 

As the dolomitization spreads frorri the original centers the 
limestone typically is not completely replaced, and although the 
dolomitic patches may appear to be made up entirely of dolo­
mite crystals, they may not bear more than 23 per cent of 
MgCOa" nor is the limestone in all cases uniformly replaced. 
Small irregular remnants ' and , streaks of limestone are passed 
over and become incorporated in the dolomite area. The boun­
dary between the limestone and the spreading Q.{)lomite may Qr 
may hot be abrupt. In a few examples in which it is abrupt; 
veinlets of dolomite shoot out into the limestone in advance of 
the main dolomite areas, and on the whole the tendency is to 
produce a "pseudo-brecciated" effect. So far as the .experience 
of the writer goes, these abrupt contacts are most characteris­
tically developed in the early stages of ,the alteration of lime­
stones which have .undergone recrystallization prior to dolomiti­
zation. To illustrate, the Saint Louis limestone, which exhibits 
this phenomenon at several localities in southeastern, Iowa, is 
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known to have experienced mashing and brecciation. previous to 
the time it was altered, a fact which indicates unquestionably 
that it. ha~ already recrystallized~ 

.. Where the boundary is gradational, on the other hand, as is 
usually the case, rhombohedrons of dolomite, variable in size 
but usually nearly perfect in their development, are dissem~ 
ina ted through the limestone a short distance in advance of the 
dolomite · area. The r(:)gular rhombohedral outline of these dis­
seminated crystals is in strong contrast to that of the crystals 
of ·the dolomite area, which have interfered with one another in 
their ·uevelopment, thus giving rise to an interlocking structure. 
The usual lar,ge size of the isolated dolomite crystals .as com- . 
pared to that of the associated calcite grains also is a striking 
feature. This is especially true in the case of a Devonian litho­
graphic limestone :liear Osage, Iowa, which shows incipient 
dolomitization. The calcite grains of the rock do not exceed 
.003 millimeter in average diameter, yet the dolomite metacrysts 
attain a maximum diameter of .75 millimeter. A similar r ela­
tionship is exhibited, but to a lesser degree, by the Joachim 
limestone of southeastern Missouri. A sample of the limestone 
streaked with dolomite shows a range in diameter of the calcite 
grains from .001 to .015 millimeter, while the associated dolo­
mit~ crystals range from .005 to .145 millimeter in diameter. 
Many other examples exhibiting a similar relationship could be 
cited . . The great increase in size of grain which normally re­
sults from the dolomitization of fine-grained limestone is in this 
way accQunted for. It should be stated, however, that many of 
the above mentioned metacrysts of the Devonian lithographic 
stone are not perfectly developed. Many of them are filled with 
minute unoriented inclusions, which evidently represent small 
calcite grains enveloped'in tl;le crystals as they grew. Further­
more, some · of the dolomite ·metacrysts show evidences of. zonal 
,growth where they are in contact with the unaltered limestone, 
and a single thin band of calcite appears within their borders. 
It is a singular fact that these inclusions and zonal growths are 
never seen in the more completely dolomitized areas, a fact 
which suggests that in these the calcite grains and bands, if 
they onc.e existed, have been changed over to dolomite. 
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The Alteration of Coarse'-grained L~mestones.-fu consider­
ing next ' the alteration of ' the coarse-grained limestones, we 
meet with somewhat different phenomena, although the ultimate 
effect is the saine. In these ,mottling' does not s'eem to be the 
rule, and the effect on the size of grain is quite the reverse of 
that exhibit'ed by the ' fine-grained limeston,es. In these the 
dolomitization ' is accompanied by a decrease in size of grain 
which becomes the more marked as the origlnal calcite grains 
are larger. Here, fhen, we have a great equalizing process tend­
ing to produce coarser-grained rocks from fine-grained ones and 
finer-grained rocks from coarse-grained ones. 

Typically the alteration of coarse-grained limestone proceeds 
by an attack on the matrix in the early stages, with the for­
mation of small scattered dolomite rhombs, and then by in­
vasion of the large calcite grains, whether they be fossil frag­
ments or ordinary crystals, bot4 by corrosion of their borders 
and by the breaking down of their interiors. In this process the 
large calcite grains are broken down in:to aggregates of smaller 
dolomite grains1 and in the end the original structures and tex..: 
tures are obliterated. 

This is the method of dolomitization of the' coarse-grained 
. crinoidal limestones of the Burlington and Keokuk formations 
of the Central Mississippi Valley. In the ,alteration of certain 
coarse-grained limestone layers of t.he Beekma,ntown at Platts­
burg, New York, however, the above described order of replace- . 
ment seems to have been reversed. Xhis limestone is uniformly 
medium-grained to coarse~grained ' and is dotted . with ' the' tests 
of foramInifera 'and with other areas of a variety of shapes and 
of a dark tint 'which are doubtless also organic, 'although they 
are structureless ' and indeterminate. Strangely 'enough many 
of 'the inferiors of the foraminifera and, of the associated dark 
areas are either partly or wholly changed to dolomite, while the' 
surrounding matriX is practically un·affected. Where the altera'~ 
tion is incomplete, numerous perfect isoiated rhombs of doio­
mite are" developed; but where it is more advanced the crystais 
interfere aiid are irregular In outline. ' By tlils method of 
dolomitization 'mottling on a rriicrosc'opic scaie is pr'oduced. ' 
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The coarse-grained Chazy limestones of Valcour Island ' ex­
hibit mottling on a much larger scale, but o~ganic factors seem 
to have played no part in the production of this phenomenon. 
The dolomite areas of this rock are fine-grained, although they 
have resulted from the alteration of coarse-grained limestone, 
as shown by the presence of corroded remnants of large calcite 
erystals and fossil 'fragments surrounded on all sides by minute 
crystals of dolomite. Some of the crystals preserved are more 
than 200 times as large as the dolomite grains about them. 

The Alteration of Oolitic Limestones.-In the dolomitization 
of oolitic limestones the alteration of the oolite grains appears' 
to proceed, in most cases at least, independently of the matrix 
and probably more often in advance of the alteration of , the 
matrix than contemporaneously with it. ' Several examples of 
dolomitized oolites are known. 

A sample of oolite from the Elbrook limestone in a quarry at 
West Waynesboro, Pennsylvania, has the appearance of a good 
oolite megasc~pically, but ;under the microscope the oolite grains 
are represented only by structureless, rounded, darker areas 
scattered here and there throughout the field. These are for the 
most part replaced by dolomite, while the matrix, except for a 
few small, irregular patches of this mineral, is unaltered. Pre­
cisely the same relations a~e exhibited by an oolite from the im­
perf!')ctly dolomitized limestones of the Elvins formation near 
Elvins, Missouri; by the Lucas oolite as developed near Sylvania, ' 

, . Ohio; and by the Tribes Hill oolite at C~najoharie, New Y,ork. 

In a dolomitic oolite from the Allentown limestone near South 
Bethlehem, Pennsylvania, somewhat different relations are 
shown. In thin section the characteristic radial ' and concentric 
structure of oolite is not exhibited, but the original outline of the 
grains is retained in every case. In a few examples the grains 
are completely altered to dolomite, but even there a faint, dark 
line marks their borders. But most of the grains are only partly 
altered, and 'still consist of an inner nucleus of cloudy dolomite 
with an outer rim of transparent calcite. The matrix is every­
where dolomitic except for occasional minute irregular areas of 
calcite. The unaltered calcite rims of the oolite grains have a 
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perfectly regular, rounded outer border which shows no corro­
sion ,effects even though they are completely surrounded by 
dolomite. Their inner borders, however, are much less regular, 
indicating that the nuclei of dolomite were formed by a process ' 
of dolomitization which began at the center of the grains and , 
spread outwards. The alteration of the oolite grains then pro­
ceeded independently of the alteration of the matrix. The oolite 
which occurs at the basal portion of the Oneota dolomite at Mc-. 
Gregor, Iowa, exhibits almost identically the same features as 
the Allentown oolite, but in this rock the original calcite rem­
nants have been replaced by silica since dolomitization took 
place. Every step may be traced in the transformation of the 
oolites from wholly unchanged grains to completely altered ones. 

Only one uniformly dolomitized oolite has been found in these 
studies. This is from the Hoyt limestone near Saratoga Springs, 
New York. It consists of rather large and distantly placed 
rounded to sub-ovate dolomitized oolite grains in a dolomite 
matrix. Quartz grains, of which the larger have rounded but the 
smaller very irregUlar outlines, are disseminated throughout tlie 
rock, appearing both in the oolite grains and in the matrix. 
The dolomite crystals within the areas of the original oolite 
grains do not extend beyond the borders of these and behave 
independently of those of the matrix under crossed nicols, a 
fact which indicates that even in this rock the dolomitization 
of the two areas proceeded separately. 

CONCLUSIONS. 

Considering all the evidence, there seems to be no escape from 
the conclusion that the great majority of the stratified dolomites 
have had their inception in the alteration of limestones. It will 
not be denied, however, that some dolomitic formations of minor 
importance have had a different origin. The possibility of di­
rect chemical precipitation of dolomite from the sea, on a small 
scale at least, has not been wholly disproven; and there is evi­
dence that some impure dolomitic limestones of minor import-

. ance may represent original clastic deposits. That such a meth­
od of dolomite building is possible is suggested by the resistant 
character of dolomite rocks and the tendency of the coarser-

, . 
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grained varieties to '~eather to a dolomite sand. If such a dolo­
mite sand should be carried to the sea and incorporated in a 
sedimentary series, an impure dolomItic rock might' result. 

As regards , the possibility that organizms have ever given 
rise to more than very weakly magnesian limestones, this seems 
doubtful, as has been shown. 'But that limestones which are 
originally weakly magnesian may become enriched in mag­
nesium more easily and more rapidly than those nearly free 
from this constituent is not only conceivable but very probable. 

. ' 

The importance of marine and surface leaching in the produc-
tion of a dolomite is believed to have been overemphasized. 
Thete can be no doubt that this process has enriched in mag­
nesium the more vesicular dolomitic limestones. But these must 
have been rich in this constitueil.'t before leaching began. The 
leaching theory, therefore, does not explain the ultimat.e source 
of the magnesium. It merely shows how the magnesia content 
of a rock originally magnesian can be enriched. 

Time and Place of Dolomitization.-To return now to the 
dolomites which have resulted from the alteration of limestone: 
there a,re many reasons for believing that the more extensive of 
these have all been formed beneath the sea, and that dolomitiza­
tion effected by ground water is only local and very imperfect. 
Some' of the features which lend weight to this view are as fol­
lows: (1) The dolomite areas of mottled limestones are be­
lieved to have undergone recrystallization at the same time 
as the associated limestone areas, as suggested by the occasional 
developtnent of zonal growths of calcIte and dolomite. ' (2) In 
imperfectly altered limestones the dolomite is semi to follow' 
original lines 'of weakness rather than secondary 'structures such 
as joints or fractures. (3) In most cases. of mottling the dolo­
mitization appears to have spread out in ' every direction and 
to have pro.gressed uniformly, as we should expect it to 'in an 
unrecrystallized rock, rather than to have proceeded by forming 
veinlets and stringers in the early stages. ( 4) The existence 
()f perfect rhoInbs of dolomite in many Imperfectly altered lime­
stone~ 'suggests that the latter had not yet solldified whe~ dolo­
mitization took place. (5) The widespread extent and nearly 
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uniform composition of many dolo'mites indicates th\lt they must 
have been formed by an agent capable ef operating uniformly 
over wideareas.- (6) An adequate source of magnesium for 
transforming extensive limestone formations into dolomite is 
found only in the sea, which contains many times as much of 
this constituent as ordinary gro;und water. (7) Many d<;>lomites 
are directly and regularly overlain by pure limestone for-mations 
or by thick shale beds, proving that they must have been formed 
before these overlying beds were deposited. 

Some dolomites of minor importance, such as those associated 
with ore deposits, and probably most jf not 'all of those related 
to fractures, must have been formed through the agency qf 
.ground water. But in general ground water is incapable of car­
rying 'dqlomitization far. Study of analyses of ground water 
and of river water shows these to be uniformly low ininagne­
sium, while this constituent normally is greatly exceeded in 
amount by lime. How, then, could such waters dolomitize lime­
stone when they already contain CaCOa far in excess ' of the 
MgCOa ~ The law of mass action speaks strongly against ordi­
nary waters being able to accomplish exten ive dolomitization. 
In the case of mineral springs and the mineralizing solutions 
which are related to ore deposition, however, it is conceivable 
that magnesia might be present in sufficient proportions to ac­
complish local dolomitization, and doubtless most vein dolomites 
have been so formed. 

With r eference to the' possIbility of dolomite ever having been 
formed extensively tllrough the action of pneumatolytir. agencies 
on limestone: this also is improbable. Both Fournet278 and Wiss- j 

man274 have pointed out that the dolomites of the Tyrol, which 
formerly were regarded by Von Buch and others as having been 
formed in this manner, are in no way related to the melaphyr 
which there penetrates the limestone. It must be regarded as' 
possible, however, that small amounts of dolomite might be 
formed locally when limestone is permeated by volcanic gases 
bearing magnesia. But this has little bearing 011 the problem at 
hand. 

27'Bull . Soc. Geol. France, 2d ser" Vol. 6, 1849, p, 502, , 
'"'Cited by B ischof , Elements of Chemical and Physical Geology, English transla -

tion, Vol. 3, 1859, p. 200. ' 
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Details of the Rep·la·ee1nent Beneath the Sea.~Sea water con­
tains in solution on the average 3.5 per cent of solids. The 
salts present and their proportions, as averaged by Dittmar, 
are indicated in the following table : 21G 

PER CENT 
NaCl . . .. ... ' ........ . .... .... . .. ... .......... . ... ... . . 77.758 
MgCl, ... . .................... .. ........................ 10.878 
MgSO •........................................ . .. .. ... 4.737 
CaSO •.. .. ................ .. . .............. . ... . ..... . 3.600 
K,SO. ., .. .... . ......... ..... .. .. .. .. .. ....... , ....... : 2.465 
CaCOo''' .... .... .... ' . ....... ...... " . . . . . . . . . . . . . . . . . . .. .345 
MgBr~ .. . .. . .. .. .. ..... ... ............. . .. ......... .. . . .217 

One is at once impressed by the high proportion of salts o,f 
magnesium in sea ,water, and it is to the action of these that 
dolomitization' beneath the sea must. be attributed. As to which 
of the two more abundant magnesium salts, MgCl2 and MgS04 , 

has been the most influential ,in the production of dolomite, 
nothing is definitely known, but therE;l ' is some reason for be­
lieving that MgS04 is the most act.ive agent of dolomitization. 
The -effect of the relatively large amount of- N aCI present in sea 
water would appear to be to repress the ionization .of MgCl2 

and thereby to lower its efficiency greatly. In fact, experiment 
shows that the chloride of magnesium reacts much 'more feebly 
with CaCOs in the, presence of N aCI than does the sulphate. 
The effect of the common sulphate ion in reducing the efficiency 
of MgS04 would not be nearly so great since the additional salts 
which possess this, CaS04 and K 2S04, are present in much 
smaller proportions. , ' 

As to the details of the reaction by which dolomite is ulti­
mately produced by the action of the magnesium salts of the 
sea, it cannot be stated positively whether the double carbonate 
is formed directly or whether hydrous MgCOs is first formed 
and this subsequently combines with the CaCOs with loss of 
water of crystallization to form dolomite. In ordinary tempera­
ture and pressure experiments the hydrous carbonate of mag­
nesium appears to be the normal product. It has been suggested 
that in time this might become dehydrated and unite with CaCO:l 

to form dolomite. But this seems doubtful. If this were the 
method of replacement it does not seem probable that the re-

'''Quoted by Grabau; Principles of Stratigraphy. 1913. p. 147. 
"'Including all traces of other salts. 
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action could ptoceed far, since the solution would become so 
rapidly enriched in this easily soluble cC?nstituent that equilib­
rium would soon be reached. If, on the other hand, we assume 
that the double carbonate is produced contemporaneously with 
replacement, the richly dolomitic limestones are easily accounted 
for, since under these conditions the equilibrium would not be 
so easily reached and the reaction might proceed 'until all the 
free CaC03 was exhausted. In short, the MgCOs produced, by 
combining with CaCOs as rapidly as it was formed, would be, 
taken directly out of solution before it accumulated sufficiently 
to halt the forward reaction. The equilibrium would be shifted 
constantly towards the dolomite end of the equation. ' At the in­
stant r eplacement takes place the CaCOs must exist iri solution. 
It seems probable that at the time of the reactioJ;l each molecule · 
of MgCOs formed unites with one molecule of CaCOa in solu­
tion to form the double molecule of dolomite, and that deposi­
tion then takes place. Assuming that the reaction proceeds in 
this manner, the equation may be written as follows: 

1. , ~ 
MgSO. +CaC0 3=MgCO,+CaSO •. 

MgCl. +CaCO.=MgCOa+CaCl2• 

2. MgCO. +CaCO.=CaMg(COa) •• 

Co.nditions Influencing Rep.zacemen.t Beneath the S ea.-The 
more important of the factors influencing the r eaction r esult­
ing in the dolomitization of limestones beneath the sea are: 
(1) mineral composition, (2) original content of MgCOa, (3) 
fineness of grain, (4) porosity, (5) amount of C'02 pre.sent, (6) 
temperature, (7) pressure, (8) concentration, and (9) time. 

The mineral composition of the limestone is very important 
from the standpoint of dolomitization. It. is well known , that 
aragonite and. other metastable forms of CaCOa 'react much 
more readily with chemicals than does calcite. If then a newly 
formed limestone consisted mainly of metastable CaCOa it woulC~ 
be in a very favorable condition to be dolomitized. 

The presence of a small amount of MgCOa in a limestone like­
wise will render it more liable to dolomitization under favor­
able conditions. 

26 
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" Fineness of grain and porosity -also are important. Other 
things being equal the more porous a limestone and the finer 
its grain, the more s'Usceptible it is to dolomitization . 

. To <;onsider the influence of CO2 ' on the reaction: anything 
which tends to render the limel;ltone , more soluble will hasten 
the replacement . . It seems probable that the CO2 generated by 
the decay of organic matter in the' limestone ' must frequently 
aid considerably in taking CaCOs into solution. Limestones rich 
in organic remains should, therefore, be ' more liable to altera­
tion t~an limestones poor in these, and if in a given limestone 
the organic matter should be more concentrated in certain lo~ 
cal areas, we should expect th~se to be more easily dolomitized 
than the surrounding rock. This must be regarded as a possible 
explanation of the selective dolomitization of fucoid markings 
in some limestones. 

Experim~nt shows th,at dolomitization proceeds most favor­
ably at elevated temperatures, but high temperatures have never 
obtained o~er wide areas bene~th the ' sea. The temperature of 
the sea, however, is not absolutely uniform, and it must be as­
sumed that dolomitization goes on most favorably in those re­
gions where the waters are warmest, if other conditions are 
the same. 

Regarding the influence of pressure induced by depth on 
dolomitization beneath the sea, there has been so;rne disagree­
ment. Thus F. W. Pfaff,277 upon finding as the result of experi­
ment that 'the reaction takes place most rapidly at pressures 
ranging from forty to sixty atmospheres, concluded that dolo­
mitic formations were formed at great depths corresponding to 
these pressures. But both Skeats andPhillipi218 have shown 
this view to be untenable. There is ,every evidence that the 
dolomitization of the Paleozoic limestones has taken p~ace at 
relatively shallow depths. Schuchert has estimated that these 
limestones were deposited at depths not ex~eeding 300 feet. Th~ 
presence of ripple marks in dolomites such as those in the 
Allentown in the quarries near Allentown, Pennsylvania, and 
the presence of intercalated sandy layers such as those which 

27'See ante p. 311. 
2iSSee ante p. ~S l and p . 278. 
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appear in the Kittatinny, Little Falls and Oneota dolomites and 
in niany o'tners, speaks for their shallow water origin. On the 
whole it does' not seem probable that the replacement has taken 
place under pressures exceeding ten to :fifteen atmospheres. 

As to :whether dolomitization takes place in concentrat€d seas 
or not, there has been considerable disagreement. Until recently 
the tendency has been to foliow Dana, who intimated that the 
ancient dolomites were formed under conditions analogous to 
those which obtain when recent limestone is dolomitized. ill the 
concentrated lagoons of coral reefs. But Skeats pointed out in 
1905279 that there are cases in which the outer parts of fringing 
reefs' facing the open ocean are dolomitized ahd that the dolo­
mitization of coral reefs is not confined to the ' lagoons; and 
Phillipi 'soon after2~o presented evidence of recent dolomitization 
in the' open sea. Still more recently Blackwelder281 has giv,en it 
as his opinion that the Bighorn dolomite has resulted from the 
progressive alteration of limestone during deposition, and that 
the concentration of the magnesia, was not more than· two or 
three times as great as in the present ocean, since more . than 
this amount would have been unfavorable to the life processes 
of the time. There are many commendable points to this theory 
of progressive dolomitization at low concentrations. But if dolo­
mitization can go on under these conditions, why are not all 
of oui' ,limestones dolomitic~ In answer to this it might be said 
that the alteration takes place under unusual circumstances, 
possibly . through the agency of certain bacteria which are not 
always present when limestone is deposited. But even then it 
is . difficult to understand how magnesia could .be precipitated 
under these conditions, since all low concentration €xperiments 
have failed to produce a precipitate of MgCOs €xcept L.eit­
meier 's,whose results must be regarded as questionabie. Mucp.' 
of the :field evidence also speaks against progressive dolomitiza~ ' 
tion.. Irregular boundaries, lateral gradations, dolorp.itized 
oolites, . mottling, pseudo-interstratification effec~s and .III:any' 
other features can be accounted for only by assuming that dolo­
mitization took ·place after all the beds involved were depos-

"·See a nte p. 282. 
""See a n te p . 278. 
"'See a nte p. 284, 
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ited. When, however, a pure limestone member comformably 
succeeds a dolomite member known to be an alteration product 
and the contact line is regular and continuous over wide areas, 
it cannot be assumed that this relationship has resulted from 
the alteration of the lo·wer bed after both beds were deposited. 
The "Lower Buff Beds" of northeastern Iowa, which consist 
of dolomite with occasional minute limestone remnants, are 
abruptly followed by the pure limestone of the "Lower Blue 
Beds" civer hundreds of square miles, and the transition from 
one into the . other takes place 'through only a few inches of 
imperfectly dQlomitized limestone. 

Moreover, the tendency of some limestones to be most highly 
dolomitic in their lower portions and to become progressively 
less dolomitic upwards, also must be r egard..ed a,s lending sup­
port to the theory of progressive dolomitization. Orton and 
PeppePS2 state that the Delaware and Columbus limestones of . 
Ohio are more dolomitic in their lower than in their upper 
portions. 

But even if it should be positively sho~n that dolomitization 
can go on at low concentrations, all must agree that it would 
proceed not only much more rapidly but also more completely 
at higher concentrations. As to whether the ancient seas which 
accomplished such extensive dolomitization were more concen­
trated than the modern ones or not, little can ' yet be said. On 
this point we must rely solely upon inference. Steidtmann2S3 has 

• presented strong' evidence to show that the ancient seas were 
more highly magnesian tharithose of today. From independent 
lines of reasoning based upon paleogeographic evidence the 
writer is also led to believe that the magnesia content of the 
ancient seas may have been at least temporarily greater than 
at present. Let us consider the conditions obtaining in a re- ' 
stricted interior sea from which limestone is being deposited on 
a great scale. Fresh quantities of lime and magnesia and other 
salts are being introduced into this' interior sea both by influx 
from the open ocean and from the streams draining the land. . 
N ow lime is constantly being depleted from this inland sea by 

'''Ohlo Geo!. Survey, 4th ser., Bull. 4, p. 165 . 
2&'Jour. Geology, Vol. 19. 1911. pp. 323 and 392. 
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lime-secreting organisms, while the magnesia and other salts 
tend to accumulate. It seems possible, then, that during a long 
period of limestone' formation under these conqitions magnesia , 
might accumulate in considerable excess and that ere long ex­
tensive dolomitization :might set in and continue until equilib­
rium was . once more established. 

Applying this theory now to the stratigraphic column, we 
actually find that many periods of 'extensive limestone forma­
tion in interior seas may be correlated with periods of eX'ten-' 
sive dolomitization. Witness the great dolomite masses of the 
Cambrian of the Appalachian province' and of the early Ordo­
vician and the Niagaran. 

As further evidence that the early seas which accomplished 
extensive dolomitization may have been temporarily concen­
trated, attention may be called to the fact that these seas in 
many instances were retreating and contracting towards the 
last, and that unless they were freely connected with the open 
ocean, evaporation under arid or semi-arid conditions might 
give rise to a considerable increase in salinity. Such a condition 
would seem to apply especially well to the Niagaran Sea. Paleo­
geographic studies have shown that this sea became very much 
contracted towards the close of this epoch, and Clarke and Rude­
mann284 have concluded that the Guelph fauna must have inhab­
ited a sea of abnormally high salinity.' The latter fact considered 
in connection with the evidence of widespread dolomitization ' 
in th~ later stages of the Niagaran seems significant. 

, 'lihe influence of the time , element in dolomitization beneath 
the' sea must be great, for we cannot -escape the conviction that 
long periods of time must be involved in the transformation of 
thick beds of limestone into dolomite. Replacement beneath the 
sea must proceed under veri stagnant conditions and the trans-

, fer of fresh magn-esium salts to the scene of the reaction as 
well as the removal of the soluble reaction products from it 
must be accomplished by a process of diffusion which operates 
very slowly. That this diffusio:p. must have been , fairly com­
plete, although extremely slow, is suggested, by the complete-

""Mem. N . Y. State Museum, No, 5, P. 117. 
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ness to which the reaction has in many cases pr~ceedeq .. , and. 
by the general absenc~ of i'eaction products' such as gypsum 
or a:nhydrite in , the secondary dolomites. '.,' , 

,As to , the caus,e of "pseudQ-inter:bedding, . ~no.rganic . mottling 
and other imperfect dolomitiz~tion , eff~cts, iittle definite data 
are available. It must be conceived that the solutions which 
proQ.uced these selective dolomitization phenomena permeated 
the rocks uniformly, but that certain layers or' areas were more 
readily altered than 'others. ' In the case of pseudo-interhedding, 
several factors inay have operated, viz.: variable.' amount of 
original MgCOs content: variable amount of organic matter and 
variable texture. The last two of these might 'possibly apply to 
inorganic mottling also. But such mottling should be, regarded 
as a normal incipient dolomitization effect rather than a , select­
ive, one. As regards the influence of textural differences in , the 
production of pseudo-interbedding, it 'is believed that this has 
played an important part in some instance~ . For example, none 
of the coarse-grained layers of the Tribes Hill limestones at 
Canajoharie, New York, are more than ,very -imperfectly altered, 
while many of the limestones above· and ' below are completely 
changed. Textural differences, however, are far from, being the 
whole story. 
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PLATE XX. 

Surface of slab of mottled Tribes Hill limestone from Palatine · 
Bridge, New York, two-thirds natural size. Note the rounded, 
sinuous pipes of dolomite weathering in relief. Some organism ' 
of unknown affinities appears · to have exerted a selective influ­
ence upon the dolomitization. 
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PLATE' xXL 

Figure i . .:...-Face of layer of mottled Tribes Hill limestone, 
lPalatine Bridge, New York. About V~ natural size. The dark 
:areas represent doiomite; the light ones limestone. This ' is 
interpreted as representing an incipient stage in the dolomiti-
~ation. ' . 

i' Figure 2.-Mottied limestone from the .same locality sho~­
Ki::tg more advancecl- stage of dolomitization, Note that the dolo-
I -
~ite areas are larger and of more irregular outline than in the 
!preceding figur,e;. 
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PLATE XXII . 

.Figu~~ L---:Later stage of alteration of 'rribes Hilllim'?s.tone . 
. The dolomite areas are larger and have begun to coalesce. 

Figure 2.-The alteration nearly completed. Only very small 
isolated areas of limestone remain. 
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PLATE XXIII. 

'Polished slab of mottled Galena· limestone from Elka9-er, 
Iowa, % -natura'lsize. The irregular 'areas of darker tint are of 
dolomite. The dolomitization of this limestone does not appear 
to have been influenced by organic factors. 
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Figure I.-Microphotograph of imperfectly altered · fine­
grained Devonian limestone from Portland, Iowa. X 22. The 
relation of calcite to dolomite was clearly brought out by stain­
ing the former, which shows dark, with Lemberg'S solution. 
Note . the tendency toward the· development of zonal bands of 
calcite in the large dolomite crystals. 

Figure 2.-Section of Cedar Valley limestone from Osage, 
Iowa. X 22. This shows large metacrysts of dolomite with 
a fine~grained groundmass of calcite. The imperfect character 
of the dolomite crystals is due to the presence of many minute 
inclusions of calcite. 

Figure 3.-Section of Stonehe'nge limestone from Bellefonte, 
Pennsylvania, X 55, showing zonal growths of siderite and 
dolomite in a matrix of fine-grained calcite. 
Figu~e 4. - Extremely fine-grained dolomite of unknown 

origin from , the Jefferson City formation near Perryville, 
Missouri. X 41. 

Figure 5.-Fine-grained dolomite known to be of seconda~y 
origin from the l!-'ayette breccia near Bertram, Iowa. X 41. 
Compare with Fig. 4. 

Figure 6.-Imperfectly dolomitized brecciated Saint Loui1;l 
limestone from Belfast, Iowa. X 22. Some of the angular 
fragments of limestone have resisted alteration although . the 
matrix is uniformly altered. 
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PLATE XXV; 

Figure I.-Section of mottled Tribes Hill limest<;>ne from 
Canajoharie, New York. X 41. Showing small limestone area 
partly surrounded with dolomite. A small veinlet .of dolomite 
appears in the limestone in the upper part of the figure. 

Figure 2.-Mottled Tribes Hill limestone from Palatine 
Bridge, New Yiork. X 41. A minute irregular remnan·t of 
fine-grained calcite in coarser-grained dolomite. 

Figure 3~-From the .same section as figure 2. Observe the 
tongue-like extension of dolomite invading the limestone. 

Figure 4.-Another area from the same sample as figure 1 
showing gradational contact between limestone and dolomite 
areas. The dolomite crystals in the limestone area are, for the 
most part, very perfect but those of the dolomite area are more 
irregular, due to growth interference. . 

Figure 5.-Mottled Tribes Hill limestone from Palatine 
Bridge, New York. X 41. Small areas of dolomite developed 
in the limestone early in the progress of dolomitization. 

Figure 6.-Dolomite from · the Tribes Hill fo:r:mation at 
Palatine Bridge, New York. X 41. This shows the nature of 
the product of more complete transformation of the limestone. 
No calcite r emnants remain in this rock. 
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PLATE XXVI. 

Figure 1.-¥ottled Plattin limestone from near Perryville, 
Missouri. X 22. - In this section the dolomite areas ,grade into 
the limestone very gradually. 

Figure 2.-Section showing imperfectly dolomitized Joachim 
limestone from near Bloomsdale, ' Missouri. X 22. The lime­
stone areas near the dolomitic ones are filled with small dis­
seminated crystals of dolomite. 

Figure 3.-Imperfectly- alt~red coarse-grained Chazy lime­
stone from Chazy, New York. X 22. The small transparent 
r~lOmbohedr0ns scattered through the section are of dolomite. 

Figure 4,-Organism with calcareous tissues altered to dolo­
mite. Cedar ValleyJimestone, Fairport, Iowa. X 22. The large 
white areas consist of calcite filling orIginal cavities. This coarse­
grained calcite resisted alteration at the. time the finer-grained 
calcareous tissues were changed to dolomite. 

Figure 5,-Section of Burlington crinoldal limestone from 
Chautauqua, illinois. X 22. The rock has undergone incipient 
dolomitization, as is shown by the presence of the minute, trans-' 
parent rhombs of dolomite scattered about through the matrix. 

Figure 6.-Imperfectly altered Cedar Valley limestone from 
the same sample as figure 4. 

. . 
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