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WE are accustomed to define historical gcol- 
ogy as the history of the earth and its inhabit- 
ants, and this definition no doubt fully covens 
the subject. But it may be questioned if, in 
the ordinary treatment of the subject, such as 
i t  receives in our current text-books and lec- 
ture halls, we do i t  justice to the full extent 
suggested by our definition. I s  i t  not too 
often merely the history of the inhabitants of 
the earth that we arc treating, giving the his- 
tory of the earth itself, i. e., its ~hys i ca l  de- 
vclopment, only scant recognition? I believe 
I am not going too far  when I say that we 
give proportionately too much attention to 
the biologic or paleontologic side, and too little 
to the physical or stratigraphic. I do not wish 
to be understood to say that  paleontology re-
ceives too much attention in our institutions 
of learning. Fa r  from it. Paleontology is 
not receiving a fraction of the attention i t  
requires, and whieh i t  will receive in the 
future when our curricula are more normally 
balanced. But paleontology is not the whole 
of historical geology. Stratigraphy, or the 
physical characters and physical history of the 
rocks of the carth's crust-paleophysiography 
(if I may use a pet term, in spite of objections 
raised against it)-is fully one half of his-
torical geology. 

It is true, of course, that historical geology 
reposes on a foundation of paleontolorn-the 
divisions of the earth's history are based on 
the progress of life, and not, as has been too 
often assumed, on breaks in the sedimentary 
series, extensive and important as these may 
be. The standard of comparison must be a 
series of sediments which contain a continuous 
record of development, and since i t  is only in 
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marine sediments that we get a continuous 
series, only marine formations, and such as 
do not represent merely local conditions, must 
be selected as our standard of reference. 

Much as we prize, and justly prize, the 
.classical standard of our North American 
Palcozoic series-the incomparable column 
furnished by the strata of the state of New 
York-and loath as we may be to attack any 
part of it, yet wc must confess that it is not a 
perfect column throughout, and that the im- 
perfection whieh i t  embodies can not be over- 
lool<ed. Indeed, the sworn guardians of this 
monument have themselves recognized that it 
is an incomplete structure, and have intro-
duced such foreign elements as the Cincin-
natian group and the Richmond formation, 
besides accepting emendations proposed by 
others, such as Acadian and Georgian. They 
have, however, sought consolation for this 
forced recognition of the imperfections of the 
New York series, by proposing that thc world 
a t  large accept the broader terms of the New 
York classification-Taconic, Champlainic, 
Ontaric-in place of the better known, though 
not always prior, terms Cambric, Ordovieic 
and Siluric. 

But i t  is one thing to recognize the absence 
of an clcrnent in the standard series and to fill 
the gap by a foreign representative, and an-
other to regard an old and well-known forma- 
tional unit as imperfect, and as inexpressive 
of the time elcment which i t  represents, and 
to acquiescc in its replacement by another. 
Yet I believe this is what we shall come to in 
the case of such old standards as the Medina 
sandstone and the Salina group, not to spealr 
of the Oneida conglomerate, fornlations which 
are still tolcrated in the standard scale of 
North American Paleozoic formations, but 
which in a vcry impcrfect manner represent 
the chronologic epochs for which they are 
commonly uscd. This is due to the fact that 
they were not deposited in the open sea, but 
rather under peculiar conditions, i. e., estu-
arine, if not continental, in the case of the 
Oncida and Mcdina, and salt sea, if not desert, 
conditions in the Salina. Moreover, it  is now 
pretty well ascertainrd that the typical Oncida 
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conglomerate of Oneida County is thc timc 
equivalent of the Upper Medina of the 
Niagara section, and that both probably should 
be united to the Clinton, while the lower 1,100 
feet of the Medina of western New York may 
possibly represent the continental or estuarine 
phase of deposits, representing elsewhere the 
later Richmond period. 

A satisfactory standard for the Lower Si-
luric is found in the island of Anticosti; and 
although this belongs to another geographic 
province of the Siluric seas, i t  represents far  
more completely the progress of biologic de- 
velopment than do the lower beds of the New 
York Siluric or, for that matter, any other 
Siluric beds deposited in the Siluric Mediter- 
ranean; unless the Mayville beds of Wisconsin 
should prove to represent the lowest Siluric. 

To go, for a moment, outside of New York 
state, the same argument applies to the sedi- 
ments of the mid-Carbonics, or Pennsylvanian, 
of eastern United States. Though now takcn 
as a standard for comparison, to which all 
other Carbonic formations of North America 
are referred, they are manifestly unfit for 
this important position, not only because they 
'represent continental conditions, and do not 
furnish us with a standard of marine sedi- 
mentation, but because i t  is obviously impos- 
sible to determine, at  least with our present 
means, how complete the series is. There may 
be, and probably are, vast breaks in this series 
of non-marine sediments, breaks which may 
or may not be revealed in the floral succession. 
A far more satisfactory standard, and one 
more nearly comparable with the European 
standard, is that furnished by the mid-Car- 
bonic sediments of Arkansas, Missouri and 
Kansas, or by those of Texas. When these 
sediments and their marine faunas have been 
fully studied we shall have a mid-Carbonic 
standard worthy of the name; and when that 
is accomplished-as we have good hopes that 
i t  will be bcfore long, judging from the re-
sults already achieved by the labors of the 
earnest worlrcrs in those fields-then let us 
hope that thc inappropriate term Pennsyl-
vanian will be replaced by one more expressive 
of the marine sedimentation of that age. 

But I am not here to speak of the imper- 
fection of the geologic record, an imperfection 
which I think is more apparent than real, nor 
of the imperfection of our classification, which 
is more real than apparent. What I have 
said, however, will serve to define my position 
with reference to the importance of paleontol- 
ogy to the geologist. Let me return, then, to 
the consideration of the importance of the 
physical characters of our formation. I be-
lieve that the general neglect which this phase 
of the subject has suffered is in part due to 
the clumsy and unrefined nomenclature which 
we have inherited from the fathers of our sci- 
ence, and which, with the tacit, if not ex-
pressed, understanding that what was good 
enough for them is good enough for us, we 
have retained to the present time. So long as 
we express in our nomenclature that all stones 
composed of lime are limestones, and nothing 
more, so long, I believe, progress in  the study 
of physical stratigraphy will be hampercd. So 
long as we are content to use indiscriminately 
the structural terms slate and shale for rocks 
which have no other claim to these names than 

'that clay generally enters into their composi- 
tion-if that may be considered a claim-so 
long progress in  this direction will be re-
tarded. Naumann and Hauy long ago pro- 
posed textural terms for the three great types 
of clastic rocks, but these have been mostly 
overlooked by modern writers except the Ger- 
mans, who are far  ahead of us in the study of 
physical stratigraphy. It is true the terms of 
Naumann and I-Iauy, derived from the Greek, 
are not very euphoneous, nor do they lend 
themselves readily to composition, yet they are 
much better than indefinitc descriptive 
phrases. Calcopsephyte and calcopsammyte 
do not fall pleasantly on the ear, yet they are 
far  better than the indefinite terms, brecciated 
limestone-which might mean limestonc brec- 
ciated by subsequent causes-or granular 
limestones-which might mean a number of 
different things. Certainly calcopelite is far  
better than the vague and roundabout phrase: 
'compact, finc-graincd limestone with con-
choidal fracture,' which lcaves you still in 
doubt whether the rocli in question is a 
clastic, composed of lime flour, or a massive 
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organic rock in which all organic structure 
has been obliterated. l'crsonally, 1 prefer 
terms derived from the Latin as being more 
adaptable in eon~position in this instance than 
the Greek terms of Naumann and IIauy; but 
whether we say caleopsephyte, calcopsarnmyte 
and ealeopelyte or ealcirudyte, calcarenyte and 
ealcilutyte, is of minor significance, so long 
as we employ a term which will express ex-
actly tlie physical characters of the rock. I f  
the name a t  the same time expresses, in part, 
the history of the rock, by indicating i t  to be 
a clastic and not an organic rocli, this can 
only be regarded ns a further advantage. Cer-
tainly, if you understood that a lutyte was a 
elastic rock composed of fine rock flour, you 
would, I think, be in favor of dcscribing many 
of the beds of the Manlius and water-lime oC 
this region as argillaceous calcilutytes or pure 
calcilutytcs, as the case may be, rather than 
to speak of them as : ' compact, finely-bedded 
argillaceous limestones with conchoidal frac- 
ture and of an impalpable grain.' I should, 
a t  any rate; for, if nothing more than brevity 
is gained, the short term is a distinct ad-
vantage. 

But  the application of a more prccise 
nomenclature to the clastic rocks is only a 
first step in the righl direction. The litliie 
character of thc roelrs must be studied with 
refcrenee to their origin, i. r 7 . ,  the lithogenesis 
of the formations must be considered, and the 
bearing which this has on tlie distribution of 
land and sea in past geologic epochs. The 
careful study of local sections, tlie mcasure-
ments of thicknesses and the determination oP 
the distribution of fossils, are of course, an 
important preliminary. Bu t  while this is 
done, a careful diagnosis of the lithic char- 
acter of the rock and a determination of its 
source should be made, and special care should 
be given a precise description of its rela-
tionship to adjacent formations. The latter 
feature is too often neglected, when i t  is of 
the greatest importance, as an example will 
show. Most of the descriptions of the Chat- 
tanooga black shale which I have been able to 
find speak of i t  as a black bituminous shale, 
with some few additional remarlis on its 
pctrographie character. They mention the 

fossils m~hich are found in it and refer the 
formation to the Devonie, with somctimes a 
more precise reference to the Mareellus or the 
Genesee of New Yorli. But  its relation to 
the succeeding fornlation is almost never dis-
cussed. Here and there in the literature we 
finti a hint, and only a hint, that i t  grades up  
inlo the overlying rock. Rarely is there a 
more prceise description of this gradation, 
lilie William's description of its relation to 
the overlying Grainger shale. And yet this 
is of very great importance, for if the Chat- 
tanooga shale of eastern Tennessee is Ilevonic, 
then there is not only a pronounced hiatus a t  
its base, but another a t  its top, for the im- 
mediately overlying Fort Payne beds represent 
in some localities the St. Louis, in other the 
KeoBul<. I n  still other localities we find beds 
of Chester age following immediately upon 
the blacli shale, which often is only a few feet 
thick, while in other localities again these 
black shales arc succeeded by beds of Burling- 
ton or I<inderhook age. I f ,  as I strongly 
sns~~ect ,and as sccms to be occasionally hinted 
a t  in the literature, there is no hiatus a t  the 
top of the black shale, but a transition to the 
overlying formation, t l ~ n  the black shale 
surely represents the basal formation formed 
by a sea transgressing southward and eastward 
ovc3r a peneplained land surface, and its age 
varies in different localitier. At  the type 
locality, Clhaltanooga, Tennessee, the age of 
the black shale is in that ease Burlington or 
perhaps early Kockuk, while a t  others its age 
is St. Louis, or even later. Only in tlie north- 
ern region, where i t  is succeeded by Kinder- 
llook beds, as a t  New Albany, Indiana, and a t  
Big Stone Gap, Virginia, is the blacli shale of 
Dcvonic age. 

And this brings me to the consideration of 
another factor which is all too often over-
loolied in stratigraphic worlc. This is the 
phenomenon of progressive overlap, and the 
colnplenlentary one, which, for lack of a better 
term, we may call regressive overlap. We all 
agree that in normal sedimentation coarse 
clastic roclis are formed near shore, finer far- 
ther out and the finest impalpable flour is only 
deposited a t  a great distance from the nor-
mal shore, while clastic limestone may be 
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forrned anywhere under favorable conditions. 
But we do not generally apply this principle 
in the elucidation of our rock sections. When, 
for example, a prolonged subsidence of the 
land occurs, resulting in the overflow of the 
land by the sea, the waves of the advancing 
sea will work ovcr the residual soil of the 
land which i t  overflows and will spread a 
basal laycr of conglomerate or sand or, in rare 
cases, of mud over the old land thus sub-
n~erged, the nature of the basal bed depending 
on the character of the rock d6bris which 
covered the old land, the slope of this old 
land anti the conscquent depth of the en-
croaching sea, and the rapidity of the sub- 
mergence. This latter may be so great that 
areas of land are suddenly submerged, while 
the shore is transferred far up on to the old 
land, so that ofIshorc deposits, like organic 
limestones, may form direclly on the old land 
surf ace. 

The basal laycr thus forrned will not be of 
the same age throughout, but will rise in the 
scale with tlie advance of the sea. Suaward, 
finer deposits will be laid down upon the basal 
formations, those finer deposits corresponding 
in age to the basal sandstone a t  that time 
forming near tlie shore. To illustrate: the 
basal sands of the Cambric Ocean were spread 
by. an advancing sea ovcr tlie crystalline rock 
floor. East of Lalce Champlain this basal 
sandstone belongs to the Lower Cambric, but 
westward i t  rises in the scale until at  the foot 
of the Adirondacks it is the Potsdam sand- 
stone of Lrpp~r Cambric age, while the corre- 
sponding deposits further east are clay and 
lime-roclqs. Again, while on the east of the 
Adirondacks, a t  the point of present outcrops, 
the basal sandstone is Potsdam, followed by cal- 
ciferous sand-rock and by purer calcarenytes 
of Beelcmantown age, the outcrop on the west 
of the Adirondacks shows similar basal quartz 
sandstones, followed by calciferous sand-rock 
and later by pure calcilutytes, but all, from 
the base up, of IAowville or Upper Chazy age. 
The Bcekmantown and Potsdam are here over- 
lapped by the later deposits, which, however, 
repeat fJ1e lithic sequence seen in the section 
of earlier age on the east of the Adirondacks. 
Wells sunk in the neighborhood of Syracuse 

to the crystalline rock, find a quartz sand-
rock (siliearenyte) resting immediately on the 
crystalline, followed by a calciferous sand 
rock (calcareous siliearenyte), which grades up 
into siliceous ealcarenyte, and finally into pure 
ealearenytes or elastic limestones. Lithically 
considered, this section might be regarded as 
representing the whole series from Potsdam 
up, whereas in reality the basal bed is Beel<- 
mantown, if not Upper Chazy. 

1Zegressive movements of the sea, by which 
large tracts of previously submerged land be- 
come expdsed, also leave a record in the sedi- 
mentary series which, by careful consideration, 
can be detected. Thus a cornparison of sec-
tions shows that we have in the Mohawk Val- 
ley some three or four hundred feet of Beek- 
mantown, which in places, as at  Little Falls, 
rests directly upon the gneiss with a basal 
rudyte. These Reeknlantown beds probably 
represent the lower, though probably not the 
lowest, members of that formation, judging 
fro171 the presence of Ophcleta complanata. 
Not more than a hundred and fifty miles 
south, in central Pennsylvania, the Beel~man- 
town is represented by ovcr two thousand feet 
of similar strata, followed by somq two to 
three thousand feet of the Stone's River group, 
which in the Mohawk is represented by less 
than a hundred feet of its upper portion, and 
there known as Lowvillc. Similarly, i n  the 
upper Mississippi region tlie Lower Magnesian 
limestones, which indicate a continuous de-
position from the Upper Cambric, are less 
than three hundred feet in thickness and rcp- 
resent the lowest Beelcrnantown. The Stone's 
River, or Chazy, is represented by less than 
a hundred feet of ,strata, which grade upward 
into the Black River, as do the corresponding 
strata-Lowville-in the Mohawk and Black 
River Valleys. These Stone's River beds of 
Minnesota, from their relation to the overlying 
beds, and from their fossils, are seen to be the 
uppermost portion of that series. Between 
the lowest Beekmantown and the highest 
Chazy (or Stone's Itiver) lie about 200 feet 
of pure quartz sandstone-a typical sili-
carenyte- known as the St. Peter sandstone. 
This sandstone has been traced very widely 
over the Mississippi Valley region; but as 
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we follow i t  southward the thickness of 
Rcelrmantown below and Chazy above in-
creases more or less regularly, until in In-  
dian Territory, where the St. Peter thins 
anray, we have nearly two thousand feet 
of the Beekmantown and more than that of 
the Chazy or Stone's River. These facts 
point to a very remarkable episode in North 
American Ordovicic history, namely, the slow 
retreat of the sea from the upper Mississippi 
Valley, which as i t  retreated gradually washed 
the sands of the northern shore seaward, 
spreading thcm over the previously deposited 
oflshorc beds. As the sea retreated, deposition 
came, of course, to an  end. Thus when the 
retreat had reached southcrn Minnesota, only 
the lower 250 feet of Beckmantown had becn 
deposited, and there deposition stopped. When 
the retreating seashore had reached central 
United States, only the lower thousand feet 
of Beekrnantown had becn deposited, and only 
in  southern United States, which was not laid 
bare, was there a complete deposition of the 
calcarenytcs and organic limestones of the 
Beckmantown. , The area uncovered--the 
whole of ccntral United States-was spread 
over by the sand left by the retreating sea, 
and this was no doubt blown about by the 
wind, the grains rounded and the remarkable 
structure and purity of the St. Peter-probably 
the best example of an ancient desert rock 
extant-was thus produced. When the sea 
again advanced over this desert area, the 
upper portion of these sands was worked over 
and became true water-laid deposits, and at  
the same time graded up into the overlying 
calcareous beds. Ry the time the sea had 
advanced half way to the old northern shore, 
a thousand feet, more or less, of the lower 
Chazy had been dcpositcd in the southcrn 
states. At the point then reachcd Chazy 
deposition began with the middle rnembws of 
the formation. By the time the sea had 
reached its northern shore, from which i t  orig- 
inally retreated, and which was somewhere 
north of Lake Superior-the whole of the 
Chazy-nearly 2,000 feet had been dcposited 
in the southcrn states, the upper thousant1 in 
the central states, but only the appcrmost 50 
or 75 feet in soutliern Minnesota. The 81. 

Petcr, thus representing a retreatal sandstone, 
worked over by the winds, also represents a 
basal bed of an advancing sea; and while the 
last remnants of i t  in southern United States 
mark practically no break in the sedimentary 
series, this same rock in southern Minnesota 
occupies the interval between all but the lowest 
Reekmantown and all but the highest C h a ~ y . ~  

Now, in New Yorlr state we have no St. 
Peter, but we have the other conditions pre- 
cisely like those of the upper Mississippi Val- 
ley. The lowest Beekmantown is followed 
by the highest Chazy, the interval unrepre- 
sentcd between the two being marlred in cen- 
tral Pennsylvania by over 4,000 feet of sedi-
ment. This break, or stratigraphic uncon-
forrnity, long suspected, has recently been ac- 
tually located in the Mohawk Valley by Pro- 
fessor Cushing. It should be remarlred that 
during all the time that central and western 
New Yorlr was dry land, i. e., during the time 
occupied by the formation of 4,000 feet of 
limestone strata elsewhere, continuous or 
nearly continuous deposition went on in what 
is now the Champlain Valley. 

We must now consider a somewhat more 
complicated series. I n  western New York the 
Lorraine beds-considered the highest of the 
Ordovicic-arc followed by red lutytes and 
arcnytes (mud-rocks and sand-roclrs), over a 
thousand fcct thick, and unfossilifcrous. At 
the base is a quartz sandstone, about 75 fcct 
thick, and over i t  are about a hundred feet of 
quartz sandstones, mostly red, and some shales 
which contain marine fossils closely allying 
thcm to the overlying Clinton. I speak, of 
course, of the Mcdina formation. A little 
south of Utica, the Lorraine shales, reprc-
sentcd only by their lower hundred feet, are 
succeeded by the Oneida conglomerate, a pure 
quartz-pebble conglomerate with well-rounded 
pebbles. This conglorncrate, less than 50 feet 
thick, is followed by the shales, sand, mud 
and lime rocks of the Clinton. The base of 
the conglomerate is fossilifcrous, the fossil- 
Arfhoplzycus  hnrrlnni-being the same which 
is restricted to the top beds of the Mcdina in 
western New York. I n  the cement region of 
'T)r C. P. R(~1icy ~rrill rlrorlly pul~lirha dc-

tailed discussion of the St Pctcr problcm. 
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Ulster County a similar white quartz-pebble 
conglomerate, the Schawangunk grit, lies un- 
conformably upon the upturned and eroded 
ITudson River beds, and is followed by less 
than a hundred fect of red lutytes and 
arenytes, and then by the cement beds, which, 
by their encloscd fossiliferous bands, prove 
their identity with similar beds overlying the 
Salina in western New York. Close inspec- 
tion of the series shows continuity of deposi- 
tion, which proves the age of the red beds and 
the Schawangunk conglomerate to correspond 
to that of the New York Salina. Still further 
east, in Rensselaer County, a similar con-
glomerate, the Rensselaer grit, rests uncon-
forrnably on Cambric and EIudson beds. I-Iow 
shall we interpret these sections? At the end 
of Ordovicic time the folding of the Ordovicic 
strata of eastern United States took place- 
what is familiarly known as the Green Moun- 
tain rcvolution. So far no strata later in age 
than Lorraine have been found in these folded 
beds; hence it is safe to assume that strata 
of Richmond age were never deposited in 
eastern Unitcd States; in other words, that 
the folding began at the end of Lorraine time. 
This folding was, no doubt, accompanied by 
an elevation of the land, and a westward re- 
treat of the interior sea. Elevation of an old 
land is commonly followed by vigorous stream 
activities, which results in erosion. In  the 
present case the products of this erosion were 
spread by the streams over the land exposed 
by the retreating sea. This is the ultimate 
mode of origin of the conglomerates in question 
and of tlie red sandstones. The red colors of 
the sands and muds indicate that they are the 
product of the subaerial d e ~ a y  of rocks; and 
the only roclrs at  all competent to furnish the 
material of these strata are the crystallines 
of the Appalachian old land, as long ago 
pointed out by Davis and others. That the 
conglomerates and their representative in 
western New York, the basal sandstone of 
the Medina, are, in part at least, river de-
posits, later on worked over by the sea, seems 
unquestionable, for tbough the retreating sea 
would wash out seawards the materials of the 
shore, such thick masses of pcbbles can hardly 

be carried so far from their sovrce without 
the aid of rivers. A comparison of the Siluric 
sections of the Appalachians suggests that the 
conglomerates and sandstones are part of a 
huge subaerial fan, whose apex was in south- 
eastern Pennsylvania, and which thinned 
away radially in all directions. That a part 
of this fan was formed during Richmond 
time seems probable,. and is further indicated 
by the occurrence of marine Ordovicic fossils 
in what was probably the margin of the fan 
in Virginia. However, a great deal of care-
ful comparative study is needed to unravel 
the complete history of these deposit^.^ 

I n  central United States the Richmond is 
succeeded by marine deposits commonly cor- 
related with the Clinton of New York. 
Though' land conditions, accompanied by 
erosion, are indicated in many localities, in 
some cases the lowest Siluric sediments seem 
to rest directlj; upon the highest Ordovicic. 
It is impossible to determine from thc litera- 
ture whether in any of these cases continuous 
deposition occurrcd or not. Further field ex- 
aminations will have to settle that. Marine 
conditions came into existence again in west- 
ern New York in Upper Mcdina time, and 
gradually transgressed castward. The Siluric 
sea reached as far as Utica in Upper Medina 
time, but did not reach Ulster County until 
the conditions of the deposition of the Salina 
beds were instituted in central and western 
New York-if at that time marine conditions 
existed at all in New York. The continued 
red sedimentation, which is so pronounced 
throughout the Salina sediments and which 
appears to indicate a continuous supply of 
highly oxidized material from the old land 
on the east, and, further, the presence of true 
Salina strata only along the inner margin of 
the Appalachians, their great thiclrness in the 
east and their thinning away to the west, all 
suggest that land conditions, rather than 
marine, existed in this period. That ir~arine 
deposits were forming in some region is indi- 
cated by such sections as that near Cumber-

Investigations of this problem' are now in 
progress undk the auspices of the .New York 
State Geological Survey. 
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land, Maryland, but the typical salt and gyp- 
sum-bearing Salina beds, such as furnish the 
salt of Syracuse, have characters which seem 
explicable only on the supposition that all 
this region was a desert country, with much 
evaporation and comparatively little rainfall, 
and that the basins in which salt accumulated 
were shallow pools, rarely, if ever, flooded by 
the sea, the salt being bleached out of the sur- 
rounding marine sediments by the occasional 
rains and left by the evaporation of the water. 
But here, as in the case of the Medina, much 
detailed study of the lithic czharacter of the 
formation is necessary before we can do more 
than make provisional 2iypot2ieses. We know, 
however, that marine conditions were reestab- 
lished over all New York towards the end of 
Siluric time. As Hartnagel and Schuchcrt 
have shown, the sea invaded eastern north 
America by a transgression of the Atlantic 
waters. Kt  the same time a trangression 
from the southwest appears to have occurred, 
which brought with i t  a different type of 
fauna, the two together constituting the 
Cobleskill. The Manlius limestones represent 
typical marine conditions; but you will have 
noticed that many of $he lime mud-beds or 
calcilutytes .;how mud craclis, which indicate 
water .;o shallow that occasional emergence 
was possible. The Manlius beds grade up-
wards into the fossiliferous calcarenytes, 
whiczh, as the Colymans limestones, form the 
basal Devonic beds of the New Yorli section. 
This and the higher beds of the I-lelderbergian 
series are now no longer found, except as 
remnants, in this region, erosion having re-
moved most of them. You will bear in mind 
that thi.; erosion wa.; a pre-Onondaga crosion, 
for the Onondaga rests everywherc in this 
region upon the eroded surfaces of the Coly- 
rnans or the Manlius. This erosion Irxlong.; 
to Orisltany tinir, for continuous tlcposition 
into the T,ower Oriskany is shown by the 
section at  Becraft Mountain. What the 
amount of crosion was and what the length 
of time during which i t  was accomplished, 
we have a t  present no means of judging. 
There is every reason to believe that the high- 
est Helderbcrg strata extended at least as far  
as Syracuse, and there is reason to suppose 

that they extended farther and overlapped thr  
lower ones. But the Oriskany erosion has 
removed all this. The hiatus, though pro- 
nounced, is scarcely noted by the cas~lal ob- 
server, because the formations are pcrfecatl y 
conformable, so far  as position of strata is 
concerned. We need a tcrm to express t11e 
relation where two forinations thus conform 
in their bedding but comprise between tlierrl 
a time break of greater or less magnitude. 
To speak of suc2i strata as unconformable, 
witliout qualifying the term, is misleading, 
since i t  suggests that the older strata have suf- 
fered folding and erosion before the deposi- 
tion of the later. Until a better tcrm is pro- 
posed, we might speak of such formations as 
disconformable, leaving the term unconform-
able for cases in which discortlant relationship 
of bedding occurs. 

The disconformable relation of the Onon-
daga upon the Manlius or Colymans is sori~c- 
times qualified by the occurrence of lenses of 
Oriskany between them. The relationship of 
the Oriskany and other overlying formations 
is best brought out by the consideration of a 
few sections. I n  t2ic TXudson Valley the lowest 
Oriskany-that of Becraft Mountain-is n 
direct successor, without break of deposition, 
of the nppernio.;t ITelderbergian, the Por t  
Ewen. I t  is succceded by about three hun- 
dred feet of dark argillaceous silicilutytes, the 
lower part of which arc the Esopus and the 
upper the Scholiarie. Above this conle the 
Onondaga limestones, the transition being a 
complete, though rather rapid, one. I n  the- 
Sclioharie Valley later Oriskany rests on 
erodcd ITeldcrbergs, and is followed by about 
100 feet of the dark lutytcs, mostly of Esopus 
or Caudagalli age. West of this region t h ~  
Ori.;liany occurs at  irregular intervals, while 
the Esopus has tliinncd away. Finally, a t  
Cayuga Ontario, half-way between Buffalo 
and Dctroit, the uppermost Oriskany alone oc- 
curs, resting on e rod~d  lowcr Manlius and 
intimately related with the overlying Onon-
daga. Here, then, is no room for Esopus or 
Schoharie, for Onondaga is the direct and 
immediate successor of latest Orislcany. This 
indicates a westward transgression of Oris-
kany sediments. the later beds overlapping 



SCIENCE. 


the earlier ones. The dark mud rocks, there- 
fore, are the shore equivalents in the east of 
the highest Oriskany limestones of the west, 
and not an independent unit in the time scale.' 

But I must not carry my discussions fur- 
ther, since my time, unfortunately, is limited. 
I hope you agree with me-those of you, I 
mean, who are not stratigraphers, for stratig- 
raphers require no conversion at  my hands- 
that the study of the physical characters of 
the strata, even of the thickness of sections, 
gives, when rightly attacked, a view of the 
history of the earth, full of dramatic intensity, 
and that only by a careful study of such phys- 
ical characters can we arrive at  a true inter- 
pretation of the history of the earth. 

A. W. GRABAU. 
COLUMBIAUNIVERSITY. 

EXTIRPATION AND REPLANTATION OF TlIE THYROID 

GLAND WIT13 REVERSAL OF THE CIRCULATION. 

WE have successfully removed and then re- 
planted a thyroid gland with reversal of the 
circulation on a dog. 

A transplantation of the thyroid with an-
astomosis of its vessels to a suitable artery 
and vein was previously made in 1902,' but 
no permanent successful result was obtained, 
owing to the obliteration of the vessels by 
clots and the subsequent development of gan- 
grene. A careful investigation of the litera- 
ture has revealed no other mention of similar 
experiments having been performed hitherto. 
The present observation is also the first suc-
cessful replantation of a gland with reversal 
of the circulation. 

S u m m a r y  o f  the  Technique and o f  the Ob- 
servation o n  the  Results o f  the  Operation.- 
The right thyroid gland of about a 20 K. dog 
having been dissected, all its vessels were 
ligated, except the superior thyroid artery and 
vein, which were cut near the carotid artery 

'A more detailed discussion of this problem 
appears in my forthcoining bulletin on the 
Schoharie Valley (Bull. N. Y. State Museum). 

'A. Carrel, '1,s Technique operatoire des anas- 
tomoses vasculaires et la transplantation des 
visceres,' Lyon Nedical, 1902. 'Les ariastomoies 
vasculaires, leur technique operatoire et leurs 
indications,' 2e CongrBs des MBdeciris de langue 
francaise de 1'AmCrique du Nord, Montreal, 1904. 

and the internal jugular vein. The gland 
was then extirpated and put in a glass of iso- 
tonic sodium chloride solution. 

After a few minutes, the thyroid gland was 
placed in  the wound in the neck, and the pe- 
ripheral end of the thyroid artery was united 
to the central end of the thyroid vein, and the 
peripheral end of the thyroid vein to the cen- 
tral end of tjle thyroid artery. 

The circulation was reestablished about half 
an hour after the extirpation. The circula- 
tion through the gland was in a direction re- 
verse to the normal. The red blood entered 
through the thyroid vein, and the dark blood 
flowed from the gland to the jugular vein 
through the thyroid artery. The hue of the 
gland was normal, and the circulation very 
active. 

Eleven days after the operation the wound 
was opened and the anterior portion of the 
gland directly observed. The gland was some- 
what enlarged, but its hue and consistency 
were normal. 

Twenty-five days after the operation i t  was 
again directly observed. I t  still appeared en- 
larged, and in hue and consistency the same 
as before. 

Thirty-two days after the operation, the 
wound being almost closed, i t  was not possible 
to examine the gland directly. But by press- 
ing i t  between the fingers through the skin, 
its systolic expansion was easily detected. 

At the present time forty seven days after 
the operation the animal is alive and in good 
condition. The replanted gland appears to be 
practically normal, being only slightly en-
larged. ALEXISCARRELL, 

C. C. G u ~ ~ I - ~ I E .  
TIIEHULLPIIYSIOLOGICALLABORATORY, 

EXHIBITION OF EARLY W O R T !  ON 

NATURAI; H I S T O R Y .  


FEWpeople arc aware that the NaturaI 
History Museum in Cromwell-road contains 
one of the finest and most complete libraries 
on natural history ever brought together. The 
collection had its origin in the several libraries 
attached to the departments of zoolo=, geol-
ogy, mineralogy and botany while these were 


