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Art. I.—Observations on Invisible Heat-Spectra and the recog- 
nition of hitherto. unmeasured Wave-lengths, made at the Alle- 
gheny Observatory ;* by S. P. Laneuey, Allegheny, Pa. 
With Plates I to IV. 

It is known to all, that the surface temperature of this 
planet depends upon the properties of radiant heat and the 
relation to them of the action of its atmosphere. It has been 
usual to compare this action to that of the glass cover of a hot- 
bed; for glass, it is also well known, grows opaque to dark 
heat, and continuously so, as its wave-length increases, thus 
letting the solar light-heat pass freely through it to the soil, 
while it is comparatively impervious to the dark heat returned 
from the latter; but this analogy must not be interpreted too 
literally. Whether the atmosphere is pervious to the soil’s 
heat we do not here discuss, but it has of latet been shown that 
the air does not behave otherwise like glass as it was supposed 
to do, but except for the absorption bands, grows—not more 
opaque—but more transmissible, to solar heat, up to its greatest 
observed wave-length, and that hence our views of the nature 
of the yet uncomprehended heat-storing action which maintains 
organic life on the earth must be modified. The little that 
the spectroscope tells us about the atmospheres of other planets, 
leads us to think that we can best understand their relations 
to solar energy by studying the atmosphere of our own; for 
our non-comprehension of these relations is largely due to our 

* Read before the American Association for the Advancement of Science, at 
Ann Arbor, 
+ See this Journal, March, 1883, Professional Papers of U. 8. Signal Service, 

No. 15, Expedition to Mount Whitney. 
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2 §. P. Langley—Observations on Invisible Heat-Spectra. 

ignorance of certain physical data which have never yet been 
obtained. 

While the general question for the physical astronomer then, 
is “ What kind of transformation does the solar energy suffer 
at the surface of any planet?’’ we here seek a reply to the 
simpler preliminary one, ‘‘ What are the wave-lengths of heat 
from non-luminous sources, such as the soil of this planet?” a 
question which has never been answered, because there have 
been no means of recognizing this heat when drawn out into a 
spectrum ; indeed we so habitually associate the idea of a spec- 
trum with that of light, that there is a certain strangeness, at 
first in the idea even, of a ‘‘spectrum” formed by a cold body 
like, for instance, ice. Yet the ice surface must not only be 
capable of radiating heat toa still colder body, but according 
to our present conceptions of radiant energy, be capable of . 
giving a spectrum, whether we can recognize it or not. It is 
the object of the present paper to describe the actual formation 
of such spectra, and the recognition of their heat in approximate 
terms of wave-lengths. ; 

To distinguish between these new regions of research and 
the older ones, let us briefly summarize our actual information 
about wave-lengths, since on the latter the whole question 
largely turns, and each extension of it, we may agree, is a step 
toward an interpretation of everything about the constitution 
of the universe which radiant energy may have to tell us. 
Thus there is no exact relation known between the periods of 
vibration of certain molecules in the sun and the angles through 
which the rays announcing them, are refracted by a prism, 
while the wave-lengths of these rays, if known, are capable of 
giving us quite other intelligence. 

Yet our knowledge even of the wave-lengths of light is com- 
paratively recent, since it was only at the beginning of this 
century that the labors of Thomas Young brought the undu- 
latory theory itself from the disfavor in which it bad lain, and 
the memoirs in which Fraunhofer gave the first relatively full 
and accurate measures of the wave-lengths of light date no 
farther back than 1814. 

The measures of Newton, interpreted in terms of the present 
theory, gave the length of the extreme violet waves at 
iv,veaso7 Of an inch, and of the extreme red at 75, 278s00, OF 
in millimeters 0:00042™ and 0:00067™™ respectively, numbers 
nearly corresponding with the lines H and B, while Fraunhofer’s 
own values are comprise between 0:000386™™ and 0-00075™™. 
More recently the range of vision has been still more extended, 
by the use of the fluorescent eyepiece of Soret, while by the 
aid of photography and the employment of quartz trains, solar 
radiations of a wave-length of about 0:29 # have been observed,* 

* (1:0 u=0-001™™)4 

a 
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and, rays whose wave-length is as little as 0°185 y have, it is 
said, been observed from the induction spark. 

Our atmosphere cuts off the ultra violet rays of a length less 
than about 0:29 yw, while I have found it not very difficult to 
see, below Fraunhofer’s great A, lines whose wave-length is about 
0°81 4. The extreme range of the normal eye then, is from 
about 0:00036 to 0:00081™™, or a little over one octave, though 
the statement that the range of the eye is less than one octave 
is still commonly made. 

Fraunhofer’s first measures were made with a literal grating 
composed of parallel strands of wire, while the successive labors 
of Nobert, Rutherfurd and Rowland have placed in the hands 
of physicists instruments of constantly increasing power, which 
have finally reached what seems nearly theoretical perfection at 
the hands of the two latter. It is with the now so well known 
gratings of Professor Rowland that the direct measures of wave- 
lengths in the solar heat spectrum I have already made public* 
have been chiefly executed. 

In Plate I we have a necessarily condensed representation of 
the whole spectrum, visible and invisible, on the normal scale, 
the distances being proportional to the wave lengths observed. 
The inferior limit being 0, we have at (a) the number 0°18 pz 
(eighteen one-hundred thousandths of a millimeter), which 
represents the shortest measured in the electric spark from 
aluminum. Next near 0:29 wu (b) we have, according to M. 
Cornu, the shortest solar ray which penetrates our atmosphere; 
near 0°35 yw (c), in the ultra violet, is the shortest wave which 
can be seen by the naked eye, and nearly the shortest which 
can pass through glass, while near 0°81 y (d) in the extreme 
red, is nearly the longest which the eye can observe. The 
entire visible spectrum on the normal scale is, it will be seen, 
insignificant in comparison with that great infra-red region 
which is so important to us, and of which we know so very 
little. It has been known since the time of the first Herschel 
that heat rays existed below the range of vision, but of their 
wave-lengths nearly nothing has, till lately, been ascertained, 
partly for want of sufficiently delicate heat-recognizing apparatus, 
and still more from the fact that it is difficult to use‘the grating 
here, owing to the overlapping spectra, and to the consequent 
necessity we have till lately been under, of separating these rays 
only by the prism, which gives no measure of their wave- 
lengths. Physicists have accordingly attempted to find these, 
by observing what deviations correspond to known wave- 
lengths in the visible portion, and by trying to determi.e, 
from theoretical considerations, what relations should obtain in 

* Comptes Rendus, Sept. 11, 1882. National Academy of Science, 1883. This 
Journal, March, 1884. 
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the infra-red, but the various formule by which these supposed 
relations have been expressed have not till lately been tested. 
The difficulty has been partly overcome in the last few years, 
by the application of the linear bolometer to the spectrum 
formed by the concave gratings with which Professor Rowland 
has furnished us; the deviations of the heat rays having first 
been observed and the principal lines of the infra-red region 
mapped by the joint use of the bolometer and a flint glass 
prism, in 1881. It will be remembered that one of the best 
known formule on which physicists have till lately relied for 
determining the relations of wave-lengths to deviations was 
Cauchy's; that this set an absolute limit to the wave-length 
which any prism could under any circumstances discriminate, 
and that this supposed extreme wave-length was somewhere 
between 10,000 and 15,000 on Angstrém’s scale. Besides this 
theoretical limit, it was supposed that glass absorbed dark 
heat to such an extent, that the longer solar heat waves would 
be stopped in the substance of the prism, even were there no 
otber obstacle. 

In 1881, however, we found at Allegheny by actual trial, 
that heat waves whose wave-length was far in excess of the 
theoretical limit, passed through a flint glass prism, so that it was 
ascertained both that this supposed limit did not exist, and that 
common glass was comparatively diathermanous to all the dark 
heat which comes to us.from the sun. By means of a glass 
prism and the bolometer, we were thus able to pursue our 
researches and map the infra-red or invisible solar spectrum to 
a point where it actually came to an end. What the wave- 
length of this point was we could not tell, for it lay entirely 
outside of what theory had till then pronounced possible. 

Next, using the grating, we have at Allegheny determined 
the wave-lengths of most of the newly discovered solar heat 
region, by direct observation, and shown that it extended to 
the unanticipated length of 2”-7 (e, Plate I) (1 e., 27,000 on 
Angstrom’s scale.) I cite these facts, which bave already been 
published, to bring us up to the point where the present 
researches begin. 

The question now arises, ‘‘ Does this ultimate observable 
wave-length of solar heat of 2u-7, which our atmosphere trans- 
mits, correspond to the lowest which can be obtained from any 
terrestrial source, or are the wave-lengths emitted from our 
planet toward space, even greater, and conceivably such that = 
our atmosphere is nearly athermanous to them?’ To answer 
this it becomes necessary to do what I think has not been 
attempted before: to take a source of very low temperature, 
comparable to that of the soil, and not only to measure its ex- 
tremely feeble invisible heat, but to draw this out into a spec- 
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trum by means of a prism or grating, and to determine the 
indices of refraction of its prominent parts, and by inference, 
their wave-lengths. We have now been engaged on this re- 
search at Allegheny at intervals for two years, a time which 
will not appear extravagant to one acquainted with its extreme 
difficulties. Not to dwell on these in detail, I will mention, 
only, that the grating can not well be used on account of its 
overlapping spectra, if for no other reason, and that the most 
transparent glass, which we have found to be comparatively 
diathermanous to dark solar heat, turns out to be. almost 
absolutely athermanous to the heat from a surface at the tem- 
perature of boiling water. 

Glass being useless here, almost the only material of which 
we can form our prism is rock-salt, and we must have not only 
an entire train of lenses (both collimating and observing) of 
salt, as well as the prism, but the pieces must be of exceptional 
size, purity and perfection of figure, to contend with these 
special difficulties, and they must be maintained in condition, 
in spite of the incessant deterioration of thissubstance. Tinally, 
as we wish to determine wave-lengths, these measures must be 
very accurate, and the prism be capable of giving fixed points 
of reference like the visible Fraunhofer lines. The prism we 
are now using was made by Mr. J. A. Brashear of Pittsburgh, 
and when freshly polished, gives a spectrum not only filled with 
hundreds of Fraunhofer lines, but which shows distinctly the 
nickel lines between the D’s, and is probably the finest one 
ever produced from this material. 

Such measures on the collective heat of black bodies as those 
of Melloni and Tyndall have been made on large radiating sur- 
faces, like those of the Leslie cube, but in order to form a spec- 
trum, of this as of any other source, we must, of course, take 
only such a limited fraction of the side of the cube as is repre- 
sented by a narrow spectroscope slit; so that both from its 
minute amount and feeble intensity (even if we can pass it 
through a prism, to form a spectrum), it is absolutely inappreci- 
able, in anything like homogeneous portions, to the most deli- 
cate thermopile, and difficult of attack even by the bolometer. 
We have employed, as radiating surfaces, Leslie cubes cov- 

ered with lampblack and filled with boiling water or aniline, 
the former givigg a radiating surface of temperature of 100° C., 
the latter one of 178° C. and also cubes filled with freezing 
mixtures, with the latter of which Mr. F. W. Very, of this ob- 
servatory, conducted in the cold days of last March one series 
of measures in which the radiator was the bolometer itself, at 
a temperature of —2° C. and the source radiated to, a vessel 
filled with a mixture of salt and snow at a temperature of 
— 20° C., thus determining the distribution of energy in the spec- 
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trum of a surface below the freezing point of water. The 
Leslie cube used in these experiments was filled either with a 
freezing mixture, or with water kept gently boiling by a Bun- 
sen burner underneath; or again, when measurements from a 
source at an exactly determinable higher temperature were de- 
sired, with aniline, which has a boiling point of about 178° C. 
A condensing apparatus connected with the cube, in the Jatter 
ease prevented the escape of the aniline vapor. It was also 
found possible to keep the cube at any intermediate tempera- 
ture within sufficiently narrow limits by properly adjusting 
the flame. 

The apparatus is shown in Plate 2. Between the blackened 
side of the Leslie cube C and the spectrometer slit S, were in- 
terposed a large pasteboard screen (a) and a flat copper vessel 
(0) filled with broken ice, both pierced with apertures slightly 
larger than the slit, to allow the passage of the rays, and the 
exposures were made by withdrawing a third hollow screen (¢) 
made of copper and filled with ice, which cut off the radiation 
of the cube from the slit when it was in place. 

The train for forming the spectrum upon the bolometer face 
consisted of two rock-salt lenses L, L, and the rock-salt prism P. 
Each lens is 75™™ in diameter and 350™™ focus for visible rays. 
For the infra-red rays measured on, the focus is from one to two 
centimeters greater than this. The prism is made from an un- 
usually perfect piece of rock-salt, and is 64™™ on aside. Its 
constants having been fully given in this Journal for December, 
we will only repeat here for convenience that its refracting 
angle is 59° 57’ 54”, and that the indices of refraction for the 
Fraunhofer lines H,, 0,, A, are 1°56920, 1°54975, 1°53670, re- 
spectively, while that of 2, the farthest considerable absorption 
band in the infra-red of the solar heat spectrum is 1:5268, cor- 
responding to a known wave-length* of 1°82. With this train, 
composed entirely of rock-salt, and an ordinary eye-piece, the 
Fraunhofer lines are very distinctly visible in either sunlight 
or moonlight. The lenses, prism, slit and other parts of the 
train were mounted upon the large spectrometer (described in 
this Journal, xxv, 1883, and in the Mt. Whitney Report, 
Chapter x1). 

To illustrate the use of the apparatus, we give below in de- 
tail the observations of March 20, 1885, for getermining the 
form of the energy curve in the spectrum, of a Leslie cube at 
178° C. The temperature of the room was —7° C., so that 
the excess of the temperature of the cube over that of the 
room was 185° C. 

The reading of the circle was made 0° 0’ 0” when the spec- 
trometer arms were in line, and the direct image of the slit fell 

* Given by a misprint 1:32 in the December number of this Journal. 

ty 
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on the bolometer.. The prism was then placed on its table, the 
automatic minimum deviation apparatus connected, and the 
prism set to minimum deviation by a sodium flame held in front 
of the slit. The deviation of the ray falling upon the bolo- 
meter was then given directly by the circle reading to 10”. 

The bolometer used was 2™ wide, and consequently sub- 
tended an angle of about 20’in the spectrum. After adjusting 
the prism, the slit was opened to the same width. A secondary 
object of the experiment was the determination of the trans- 
mission of rock-salt in different parts of the spectrum, and for 
this purpose a plate of polished rock-salt, whose thickness was 
9-1™™, was interposed at the slit, after each deflection obtained 
in the ordinary manner, the plate being allowed to remain in 
each case till the bolometer had registered the heat due to 
radiations from the salt itself, when the screen was withdrawn 
and the radiations from the Leslie cube allowed to pass through 
it. 

The results are given below in the form of a table. 

Deflection with Transmission 
Deviation. Deflection. rock-salt plate interposed. of plate. 

AOS Of 12 

40 00 72 

39 30 214 

39 00 364 

38 30 420 360 857 

38 007 365 

3% 30 269 251 933 

37 00 196 

36 630 137 122 891 

36 00 96 

35 30 62 63 1:02 

35 00 48 

34 30 29 2 931 

34° 00 26°5 

33 30 18 14 ‘778 

33 00 10.5 

The “transmission” of the plate of rock-salt (here uncor- 
rected for heat lost by reflection at the anterior surface) has 
been shown by subsequent experiments to very slightly 
diminish for extreme infra-red heat rays in the Leslie cube spec- 
trum; but to remain so nearly constant through the range of 
these experiments, as to show that the present approximate 
values need no correction on this account. More exact ones 
will be given in a subsequent memoir. 

The following series was then taken for fixing more accu- 
rately the position of the maximum: 
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Deviation. Deflection. 

39° 00’ 375 
38 50 406 

38 40 430 

38 30 428 

She) PA) 414 

58 10 401 

38 00 371 

From curves representing these observations, it was con- 
cluded that the maximum was at 38° 35’. It will be shown 
further on, how an attempt may be made to estimate the wave- 
lengths in these regions. 

Measurements were also made with surfaces of copper heated 
to much higher temperatures, and with the cube at different 
lower temperatures, for the purpose of determining whether 
the position of the maximum of the energy curve varies with 
the temperature, and if so, to determine if possible the relation. 
Experiments of this kind have been made by Mr. W. W. 
Jacques,* who found that “the distribution of heat in the 
spectrum of a solid or liquid source of radiation is nearly inde- 
pendent of the temperature of the source.” It was evident 
from the care with which Mr. Jacques’s experiments were con- 
ducted, that the shifting of the maximum must be slight and 
difficult of quantitative determination, but with the pure spec- 
trum and delicate heat-measuring apparatus at our command, 
it was thought possible that this might be effected. Accord- 
ingly, measurements similar to those just described were made 
with a radiating surface of lamp-blacked copper at the approxi- 
mate temperatures of 815° C., 525° OC. and 330° C., and with 
the Leslie cube at temperatures of 178° C., 100° C., 40° C., and 
— 20° C., the excess over the temperature of the room being in 
the latter cases respectively 185° C., 88° C., 46° C., and —18° 
C. In the last instance, the cube was colder than the bolom- 
eter strips, and the deflections obtained were negative; though 
small, they were distinctly measurable, the greatest being —12 
divisions of the galvanometer scale.t We have in Plate 3 the 
curves representing the radiation from these sources, in which 
the abscissee are proportional to the indices of refraction in the 
rock-salt prism, but the ordinates only approximately so to the 
deflections of the galvanometer due to the heat at the corre- 
sponding points, since we are not here primarily concerned with 
the relation of the amounts of heat emitted to the temperatures 

* Distribution of heat in the spectra of various sources of radiation, by William 
W. Jacques, Ph.D., Proceedings of the American Academy. 
+ The position of the maximum in the ice curve is indicated, but the curve itself 

is on this scale of ordinates, sensibly coincident with the straight line. (See 
Plate 1.) : 

. A 
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of the sources of emission, but chiefly with the secondary effect 
of the progressive movement of the maximum which is clearly 
shown. 

Berelor observation | #2 u or aate \eruper [Approximate tempers: eyiation of maaxianan 

1885. 

October 1, 815° C. 803° C. 39°:087 
ome raS 525 505 39-03 
on 6 330 318 39°01 
a3: 330 310 39-00 

September 26, | 300 275 38°42 
March 20, 178 185 38°35 
August 19, 179 152 38°35 
March 20, | 119 126 38°25 
October 7, 100 88 38-22 

tf 3 | 39) 719 38°27 

March 21, 40 46 38°00 
ee oye | ZN) 118 37-40* 

It is to be observed of each of the curves in Plate 3, that 
though nearly all the avea is seen, yet that, owing to the exten- 
sion of the heat curve toward the right, the length shown is 
limited here by the size of the plate, whereas the extremity 
measured in each curve (except of course the solar one) does, 
in fact, correspond to an index of less than 1°45. We give 
above a table showing the dates of observation, the approxi- - 
mate temperatures of excess and the approximate deviations of 
the ordinate corresponding to the point of maximum heat in 
the (rock-salt) prismatic spectrum. We should observe that 
the higher temperatures are here only determined with an 
approximation sufficient to make it certain that there is a pro- 
gression in the direction of the shorter wave-lengths of the 
position of the maximum heat-ordinate corresponding to the 
temperature, as the latter rises. These results, both in the 
table and as represented in the plates, are given as preliminary, 
not as final, for we hope soon to be able to offer other and more 
exact ones, deduced from the heat spectra of bodies at all 
temperatures between that of melting platinum and melting 
ice. Weare entitled, however, even at, present, to draw the 
following conclusions, which are of special interest in connec- 
tion with the spectra of dark bodies, of which almost nothing 
has been hitherto known. 

(1) The heat represented by the areas of these curves is 
almost altogether of a character not observed in that of the sun, 
these wave-lengths, in general, not being transmissible by 
glass, which is comparatively permeable to the lowest solar 

* The positiou of the maximum in this latter case depends upon a single obser- 
vation of some delicacy and is liable to subsequent correction. 
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heat waves that penetrate our atmosphere.* To show this 
more clearly we have drawn the solar spectrum given by the 
rock-salt prism in its true position (though not in its trae 
amount) relatively to that of the heat curves cited. The max- 
imum of the latter lies in every case, it will be seen, far below 
the very lowest part of the solar invisible heat. 

(2) In spite of the compression of the infra-red by the prism, 
these heat curves extend almost indefinitely in the direction of 
the smaller indices, so far that we can, in fact, represent only a 
part of this extent in our plate. The measures already cited 
im case of the curve for the Leslie cube at 178°, for instance, 
show very measurable heat at a deviation of 33°, which corre- 
sponds to an index of refraction of 1°4511, while the smallest 
index given in the plate is 1-49. 

(5) An increase of temperature increases every ordinate, but 
not in like proportions, ordinates corresponding to the heat in 
the more refrangible parts always growing more rapidly than 
those for less refrangible heat. 

(4) As a necessary consequence of this, follows the (inde- 
pendently observed) fact of the progressive movement of the 
maximum ordinate toward the more refrangible end, as the 
temperature rises. 

(5) These prismatic curves are not symmetrical, the greater 
portion of the area in every case lying below the maximum, 
a. e., toward the greater wave-length, and the descent being 
always most abrupt on the more refrangible side. 

As the heat spectra from surfaces at the temperature of boil- 
ing water or melting ice are those to which the chief interest 
attaches, in connection with the temperature of the soil, and as 
these are not well shown on the same scale of ordinates with 
that of the red-hot copper, we give an independent representa- 
tion of these two in Plate 1, but upon the wave-length, not the 
prismatic scale. Their maxima of heat fall at points.in the 
normal spectrum which (as we explain later) are only approxi- 
mately determinate on éhis scale, but which are probably at 
least as low as the points (/) corresponding to the boiling water 
maximum, and (g) corresponding to the position of the maxi- 
mum ordinate in the spectrum of ice, at the melting point, or 
lower. No attempt is made in this plate to represent the rela- 
tive amounts of heat in the solar and Leslie cube curves, but 
only their positions on the wave-length scale; and here also it 
will be understood that the latter, curves really extend. far 
further to the right than the limits of the plate admit of show- 
ing them. 

* The distinctive character of these radiations is also well shown by the fact 
we have found that a thick film of lampblack, which is nearly as impervious to 
the dark solar heat as to light, transmits more than 50 per cent of the rays in 
question. 
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These observations, then, show a real though slight progression of 
the point of maximum heat toward the shorter wave-lengths as the 
temperature rises. ‘The position of the maximum ordinate of 
the lower curves is of course more difficult to determine, on ac- 
count of their flatness. 

The whole heat spectrum from most of these sources, it is 
interesting to note, passes through the prism at angles which 
the theories of our text books have heretofore pronounced 
impossible. he existence of these radiations, and the relative 
amounts of heat for each deviation, is certain, for these devia- 
tions are determined by the spectro-bolometer, in most cases 
with a probable error of less than a minute of arc; but when 
we pass to the next stage of our work, the determination of the 
corresponding wave-lengths, we cannot speak with such confi- 
dence. We have calculated the wave-lengths for some of the 
observations by means of Wiillner’s new formula,* 

2 2 a n?>—1=—PA a ny 

where P, Q and 4, are constants, depending upon the nature of 
the refracting substance, to be determined by observation. 

This formula Willner founds on Helmholtz’s theory, but he 
has tested it by our own observations with the glass prism. We 
have found the calculated values to agree with similar ones 
obtained directly from the curve representing the relation be- 
between n and A for rock-salt, which is shown in Plate 4, by 
measurements on points whose wave-lengths were known from 
our prior observations up to about 23,000 of Angstrdm’s scale. 
Beyond this point we have continued the curve both by com- 
putation and by graphical extrapolation. We do not disguise 
from ourselves the danger of all extrapolations, although ours 
rest, it will be seen, on a wholly different basis from the ones 
depending on formulee derived from the visible spectrum alone, 
since our curve has been already followed by direct observa- 
tions until it is almost coincident with a straight line. Up to 
this point then (within the limits of error already elsewhere 
given) there is no doubt, and unless there is some utter change 
in the character of the curve, such as we have no reason to 
anticipate, a tangent from the last part will not differ very 
greatly from the immediate course of the curve itself, and will 
at any rate meet the axis of abscissze sooner than the curve can. 
If we assume then the prolongation of the curve to agree with 
this tangent, we evidently assume a minimum value for all the 
wave-lengths measured by it, and that is what we have done. 
We are not prepared yet to speak of these wave-leneth 

values as exactly determinate, and they are here given as first 

* Wiedemann’s Annalen, Band 33, p. 307. 



12 A. Gray—Botancal Necrology of 1885. 

approximations. ‘They are indeed sufficiently startling, to 
make us inclined to proceed with caution; but, speaking with 
the reserves indicated by the conditions referred to, I may say 
that we have every reason to believe that the minimum wave- 
length assignable to the minimum ordinate of the heat curve, in 
the spectrum of a source whose temperature varies from 100° to 
0° Centigrade, is a little less than 5, and a little over 6, and that 
these may be indefinitely greater. This refers, it will be remarked, 
only to the position of the maximum ordinate, while the extreme 
portions of tne curve measured on (corresponding to an index of 
1-45) have probably at least three times this wave-length. I shall 
be better understood, perhaps, if I say that some of the heat radi- 
ated by the soil has probably a wave-length of over 150,000 of 
Angstro6m’s scale, or about twenty times the wave-length of the 
lowest visible line in the solar spectrum, as known to Fraun- 
hofer. 

These investigations are still going forward, and I hope soon 
to give more exact values. But I have presented the present 
ones, though imperfect, because they give us at least some 
knowledge of a region of which we are at present quite ignor- 
ant, and because they are thus I think of some interest both to 
the physicist and to the astronomer. ‘To the physicist, as show- 
ing that the wave-lengths which Newton measured to the gy tgp 
of an inch are so far from being the limits of nature’s scale, that 
the existence of measurable wave-lengths of something greater 
than yyy of an inch is rendered at least highly probable. To 
the astronomer, because we find that the heat radiated from the 
soil 1s of an almost totally different quality from that which ts 
received from the sun, so that the important processes by which 
the high surface temperature of the planet are maintained, can 
now be investigated with, we may hope, fruitful results in con- 
nection with the researches here described. 

I should not close this preliminary account without stating 
that I have in these observations been throughout and at every 
stage, indebted to Messrs. F. W. Very and J. EH. Keeler of this 
Observatory, for a collaboration without which it could not 
have appeared in its present form. 

Art. II. —Botanical Necrology of 1885; by ASA GRAY. 

CHARLES WRIGHT died on the 11th of August, at Wethers- 
field, Conn., at the home where he was born on the 29th of 
October, 1811, and where the early as well as the later years 
of his life were passed. He received his education in the 
grammar school of his native village and at Yale College, 
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which he entered in 1831, graduating in 1835. His fondness 
for botany was developed while he was in college, although, so 
far as we can learn, he had no teacher. The opportunity of 
eritifying this predilection in an inviting region may have de- 
termined his acceptance, almost immediately after graduation, 
of an offer to teach in a private family at Natchez, Mississippi. 
Within a year pecuniary reverses of his employer terminated 
this engagement. At this time there was a flow of immigra- 
tion into Texas, then an independent republic; and Mr. 
Wright, joining in it, in the spring of 1837, made his way 
from the Mississippi to the Sabine, and over the border, chiefly 
on foot, botanizing as he went. Making his headquarters for 
two or three years at a place then called Zarvala, on the Neches, 
he occupied himself with land-surveying, explored the sur- 
rounding country, ‘‘ learned to dress deer-skins after. the manner 
of the Indians, and to make moccasins and leggins,” ‘‘ became 
a pretty fair deer-hunter,” and inured himself to the various 
hardships of a frontier life at that period. When the business 
of surveying fell off he took again to teaching; and, in the 
year 1844, he opened a botanical correspondence with the 
present writer, sending an interesting collection of the plants of 
Eastern Texas to Cambridge. In 1845 he went to Rutersville 
in Fayette County, and for a year or two he was a teacher in a 
so-called college at that place, or in private families there and 
at Austin, devoting all his leisure to his favorite avocation. 
In the summer of 1847-8 he had an opportunity of carrying 
his botanical explorations farther south and west. His friend 
Dr. Veitch, whom he had known in Hastern Texas, raised a 
company of volunteers for the Mexican war, then going on 
(Texas having been annexed to the United States), and gave 
Mr. Wright a position with moderate pay and light duties. 
This took him to Hagle Pass on the Mexican frontier, where he 
botanized on both sides of the river. He returned to the 
north in the autumn of that year, with his botanical collec- 
tions, and passed the ensuing winter in Connecticut and at 
Cambridge. 

In the spring of 1849, Mr. Wright returned to Texas, and, 
at the beginning of the summer, with some difficulty obtained 
leave to accompany the small body of U.S. troops which was 
sent across the unexplored country from San Antonio to El 
Paso on the Rio Grande. Notwithstanding some commenda- 
tory letters from Washington, no other assistance was afforded 
than the conveyance of his trunk and collecting paper. He 
made the whole journey on foot, boarded with one of the 
inesses of the transportation train, and endured many priva- 
tions and hardships. The return to the seaboard, in autumn, 
was by a rather more northerly route and under somewhat less 

+ 
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untoward conditions. The interesting collection thus made 
first opened té&our knowledge the botany of the western part 
of Texas. It was published, as to the Polypetale and Com- 
posite, in the third volume of the Smithsonian Contributions 
to Knowledge, as Planie Wrightiane, part 1, in 1852. 
A year and more was then passed in the central portion of 

Texas, awaiting the opportunity for other distant explorations, 
supporting himself in part by teaching a small school. At 
length, in the spring of 1851, he joined the party under Col. 
Graham, one of the commissioners for surveying and determin- 
ing the United States and Mexican boundary from the Rio 
Grande to the Pacific, accepting a position partly as botanist, 
partly as one of the surveyors, which assured a comfortable 
maintenance and the wished-for opportunity for botanical ex- 
ploration in an untouched field. Attached only to Col. Gra- 
ham’s party, he returned with him without reaching farther . 
westward than about the middle of what is now the. territory 
of Arizona, and in the summer of 1852 le returned with his 
extensive collections to San Antonio, and thence to Saint Louis, 
to deliver his Cactacezee to Dr. Engelmann, and with the re- 
mainder to Cambridge. These collections were the basis of the 
second part of Plante Wrightiane, published in 1858, and, in 
connection with those of Dr. Parry, Professor Thurber and Dr- 
J. M. Bigelow, etc., of the Botany of the Mexican Boundary 
Survey, published in 1859. As Mr. Wright collected more 
largely than his associate botanists, and divided his collections 
into sets, his specimens are incorporated into a considerable 
number of herbaria, at home and abroad, and are the types of 
many new species and genera. No name is more largely com- 
memorated in the botany-of Texas, New Mexico, and Arizona 
than that of Charles Wright. It is an Acanthaceous genus of 
this district, of his own discovery, that bears the name of Carlo- 
wrightta. Surely no botanist ever better earned such scientific - 
remembrance by entire devotion, acute observation, severe ex- 
ertion, and perseverance under hardship and privation. 

Mr. Wright’s next expedition was made under more pleas- 
ant conditions. It was a long one, around the world, as botan- 
ist to the North Pacific Exploring Expedition, fitted out under 
Captain Ringgold, who was during the cruise succeeded by 
Commander John Rodgers. After passing the winter of 1852-3 
at his home in Connecticut and at Cambridge, he joined this 
expedition in the spring, and sailed in the U.S. Ship Vin- 
cennes from Norfolk, Virginia, on the 11th of June. The col- 
lections made when touching at Madeira and Cape Verde were 
of course unimportant; but at Simon’s Bay, just round the 
Cape of Good Hope, a stay of six weeks resulted in a very 
considerable collection of about 800 species, within a small 
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area, the Cape being wonderfully crowded with kinds of plants. 
The voyage was thence to Sydney and through the Corai Sea 
to Hongkong, which was reached about the middle of March, 
1854. The collection of over 500 species of pheenogamous 
plants which was made during that spring and summer, upon 
this little island, and supplemented in the spring of 1855, was 
in part the basis of Bentham’s Flora Honkongensis. In the 
autumn of 1854, interesting collections were made on the Bonin 
and Loo Choo Islands, and later upon the islands between the 
latter and Japan. Still more extensive and important were 
the botanical collections made in Japan, especially those of the 
northern island, although the stay was brief. Also those made 
in Bering Straits, mainly on Kiene or Arakamtchetchene Island, 
on the verge of the polar sea, where the scientific members of 
the expedition passed the month of August and a part of Sep- 
tember, 1855. Reaching San Francisco in October, the season 
being unpropitious for botany, Mr. Wright was detached from 
the expedition, and came home by way of San Juan del Sur 
and Nicaragua, botanizing for a few weeks upon an island in 
the Lake, and thence by way of Greytown to New York. 

In the following autumn (of 1856) Mr. Wright began his 
prolific exploration of the botany of Cuba. Landing at San- 
tiago de Cuba, on the south-eastern part of the island, he 
passed the winter of 1856-7 and the greater part of the ensu- 
ing summer in that nearly virgin district, most hospitably 
entertained by his countryman Mr. George Bradford, and 
among the caffetals of the mountains by M. Lescaille, returning 
home with his rich collections early in the autumn. A year 
later he revisited Cuba, was again received by his devoted 
friends, extended his botanical explorations to the northern 
coast, and also farther westward, exchanging the dense virgin 
forest for open pine woods, like those of the Atlantic Southern 
States, stopping at various hatos or cattle-farms on his route, 
but reaching better accommodations at Bayamo, when his 
kind host, Dr. Don Manuel Yero, assisted him in making some 
profitable mountain excursions. In the winter and spring of 
1861 he was again domiciled with the Lescailles at Monte Verde 
and at the other coffee-plantations of this kind family; and from 
thence he was able to extend his herborizations to the eastern 
coast from Baragoa to Cape Maysi. The next winter he made 
his way westward to near the center of the island, making 
headquarters at the sugar plantation of the hospitable Don 
Simon de Cardenas, thence visiting the Cienaga de Zapata, a 
great marshy tract toward the south coast. In early summer 
he transferred his indefatigable operations to the Vuedt-abajo, as 
it is called, or that part of Cuba westward of Habana, making 
his home at Balestena, a cattle-farm at the southern base of the 
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mountains opposite Bahia Honda, where he was long most hos- 
pitably entertained by Don Jose Blain and Don F, A. Sauvalle. 
From thence he pushed his explorations nearly to the south- 
western extremity of the island at Cape San Antonio. In the 
summer of 1864 he came home with his large collections, re- 
maining there and at Cambridge for about a year. 

In the autumn of 1865, he went again and for the last time 
to Cuba, again traversed the Vuelt-abajo in various directions, 
proceeded by steamer to Trinidad and botanised in the moun- 
tains behind that town, thence by way of Santiago he revisited 
the scenes of his earlier explorations and the surviving friends 
who had efficiently promoted them. The oldest and best of 
them, the elder Lescaille, was now dead. In the month of July, 
1867, our persevering explorer came home. 

Mr. Wright’s Cuban botanical collections, from time to time 
distributed into sets, with numbers, were acquired by several - 
of the principal herbaria,—the fullest sets of the Pheenogamous 
and vascular Cryptogamous plants, by the herbarium of Cam- 
bridge and by the late Professor Grisebach of Gottingen. Pro- 
fessor Grisebach was in these years engaged with his Flora of 
the British West Indies; so that he gladly undertook the de- 
termination of the plants of Cuba. They were accordingly 
mainly published in Grisebach’s two papers, Plante Wrightiane 
e Cuba Oriental, in the Memoirs of the American Academy of 
Arts and Sciences, 1860 and 1862, and in his Catalogus Plantarum 
Cubensium exhibens collectionem Wrighttanam aliasque minores ea 
Insula Cuba missas, an 8vo. volume, published at Leipsice in 
1866. The latter work enumerates the Ferns and their allies: 
but those for the earlier part were published in 1860 by Pro- 
fessor Haton, in his Milces Wrightiane et Kendleriane, a paper 
in the eighth volume of the Memoirs of the American Acad- 
emy. The later collections are incompletely published in the 
Flora Cubana, a volume issued by F. A. Sauvalle at Habana, 
in 1878 and later,—a revision of Grisebach’s Catalogue (without 
the references, but with Spanish vernacular names attached) 
which was made by Mr. Wright, who added descriptions of a 
good many new species. ‘T'he only other direct publication by 
Mr. Wright is his Notes on Jussiea, in the tenth volume of the 
Linnean Society’s Journal. As to the lower Cryptogams, Mr. 
Wright’s very rich collections were distributed in sets and pub- 
lished by specialists; the Hungi by Berkeley and the late Dr. 
Curtis; the Muscz, by the late Mr. Sullivant, the Lichenes, by 
Professor Tuckerman in large part, and certain tribes quite 
recently by Miiller of Geneva. So Mr. Wright’s name is deeply 
impressed upon the botany of the Queen of the Antilles. 

There was a prospect that he might do some good work for 
the botany of San Domingo. For in 1871, a Government ves- 
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sel was sent to make some exploration of that Island, and Mr. 
Wright went with it. It was in winter, the dry season, and 
the excursion across the country was hurried and unsatisfac- 
tory ; so the small collection made in this, his last distant botan- 
izing, was not of much account. 

Mr. Wright’s botanizing days were now essentially over. 
He made, indeed, a visit to the upper part of Georgia in the 
spring of 1875. But this was mainly for recuperation from the 
effects of a transient illness, and for seeing again a relative and 
companion of his youth from whom he had long been separated. 
A large part of several years was passed at Cambridge, taking 
a part of the work of the Gray Herbarium ; and one winter was 
passed at the Bussey Institution, in aiding his associate of the 
South Pacific cruise, Professor Storer. Of late there fell to 
bim the principal charge of the family at Wethersfield, consist- 
ing of a brother who had become an invalid, and of two sisters 
in feeble health, all unmarried and ageing serenely together. By 
degrees his own strength was sapped by some organic disease 
of the heart, which had given him serious warning; and on the 
eleventh of August he suddenly succumbed, while making his 
usual round at evening to look after the domestic animals of 
the homestead. Not returning when expected, he was sought 
for; the body was found as if in quiet repose, but the spirit had 
departed. * 

Mr. Wright was in person of low stature and well-knit frame, 
hardy rather than strong, scrupulously temperate, a man of 
simple ways, always modest and unpretending, but direct and 
downright in expression, most amiable, trusty, and religious. 
He accomplished a great amount of useful and excellent work 
for botany in the pure and simple love of it; and his memory is 
held in honorable and grateful remembrance by his surviving 
associates. 

GEORGE W. CurinTon died, at Albany, on the 7th of Sep- 
tember last, in the 78th year of his age. He was the son of 
DeWitt Clinton, one of the most distinguished governors, and ° 
the grand-nephew of George Clinton, the first governor of the 
State of New York. He was born on the 13th of April, 1807, 
whether in the city of New York or in the home on Long 
Island is uncertain; he became a student in Albany Academy 
in the year 1816, when his father entered upon his first tenure 
of office as governor, entered Hamilton College in 1821, was 
graduated in 1825, was led by his early scientific tastes to the 
study of medicine, which he pursued for a year ortwo. At 
least he attended two courses of lectures at the then flourish- 
ing country medical school at Fairfield, N. Y. There his ac- 
quaintance with Professor James Hadley further developed his 

Am. Jour. Sci.—Tuirp Series, Vou. XXXI, No. 181.—JAn:, 1886. 
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fondness for chemistry and botany, as it did that of the writer 
of this notice a few years afterward. He also came under the 
instruction or companionship of Dr. Lewis C. Beck, a younger 
brother of his medical preceptor Dr. T. Romeyn Beck, attended 
a course of private lectures on Botany given by Dr. Wm. 
Tully, entered into correspondence with Rafinesque, Torrey, 
ete., and so bid fair to give himself to scientific studies, as we 
may suppose with the approval of his father, who, it is well 
known, had a decided scientific bent. But Governor Clinton’s 
death in February, 1828, wrought a change in his prospects 
and in the course of his life. Acting upon the advice of his 
father’s friend, Ambrose Spencer, the distinguished Chief Jus- 
tice of the State, he took up the study of law, attended the 
law-lectures of Judge Gould at Litchfield, Connecticut, and 
continued his studies at Canandaigua, N. Y., in the office of 
John C. Spencer, whose daughter he married. Admitted to 
the bar in 18381, he established himself at Buffalo in 1836, 
and practiced his profession most acceptably at the bar until the 
year 1854, when he became judge of the Superior Court of 
that city. This honorable position he continued to hold with 
entire approbation until January, 1878, when he retired under 
the provision of the constitution upon attaining the age of 70 
years. Then he resumed the practice of the law for two or 
three years; but at length he took up his residence in Albany, 
partly for the more convenient rendering of his service asa 
Regent of the University of the State, and its Vice Chancellor, 
but mainly for investigating and editing the papers and writ- 
ings of his great uncle George Clinton. On the afternoon of 
the 7th of September he took an accustomed wall in the Rural 
Cemetery of Albany, and there he died, probably quite instan- 
taneously ; for when his body was found two or three hours 
later, some unwithered sprays of White Melilot, which he had 
gathered, were still clasped in his band. 

Judge Clinton’s professional life need not here be considered. 
I did not know him, but knew of him, as a botanist in 
his younger days. About the year 1860, after buying a 
botanical book for his daughter, the turning over its pages 
revived an almost forgotten delight; and when his attention was 
again given to the flowers he had long neglected, we soon came 
into correspondence. ‘I might have become a respectable 
naturalist,” he writes, ‘but was torn from it in my youth.... 
To become a botanist is now hopeless; I am, and must remain, 
a mere collector. But then I collect for my friends and for the 
Buffalo Society of the Natural Sciences. If I can please my 

_ friends and help the Society, it pleases me. I want it to suc- 
ceed. Money I cannot give it, and I give it all I can, the ben- 
efit of my example and pleasant labors.” An instructive and 
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pleasant, and on his part a sprightly correspondence it has been ; 
and most ardent and successful were his efforts in the develop- 
ment of the Society of Natural Sciences over which he pre- 
sided, and especially of its herbarium which he founded. In the 
spring of 1864 he wrote: “To-morrow I believe I shall be able 
to mail you my Preliminary List of the Plants of Buffalo. 
And I demand that, immediately upon its reception, you write 
me, saying ‘pretty well for you.’ Ido feel gratified that Ihave 
at last made the mitiest mite of a contribution to science. I 
know how extremely minute it is. I would not be so exact- 
ing but for the fact that my letter-book is just full, and I want 
to commence a new one with a letter from you, I mean with a 
note from you: a letter is too ambitious.” 

As this modest Preliminary List exemplifies the beginning, 
so the full and critically prepared Catalogue of the Native and 
Naturalized Plants of the City of Buffalo and its Vicinity (pp. 
215), published in 1882-38, marks the conclusion and shows the 
fruits of Judge Clinton’s work upon the flora of the district 
around Buffalo. This Catalogue was, indeed, prepared and 
published by his near friend and associate, Mr. Day, with a 
thoroughness and judgment which have been much com- 
mended. But the collection and elaboration of the materials, 
the critical determination of the species, and the preparation of 
the ‘‘ Clinton Herbarium,” as it is now appropriately called, were 
essentially his own work in the hore subsecive of a busy pro- 
fessional life. If during middle life, and while making his 
way in his chosen vocation he abandoned his early scientific 
avocation, he took it up again when he bad achieved a position 
which allowed some well-earned leisure, and he pursued it with 
an added zeal and energy and acumen, which should give his 
name a place among the botanical worthies,—to be remembered 
after those who knew and apprectated and loved him have 
passed°away. A little Scirpus specifically bears his name, 
but I never see the modest lihaceous plant of our northern 
woods, called Clintonia in honor of the father, without associ- 
ating it with the son. 

Judge Clinton’s contributions to the literature of the legal 
profession consisted mainly of his Digest of the Decisions of 
the Law and Equity Courts of the State of New York, in three 
stout volumes. But he was a not unfrequent and a fascinating 
writer in the newspapers of the city, an occasional lecturer 
upon historical as well as scientific topics, and an organ- 
izer or promoter of every good civic work. He was a per- 
son of marked and distinct individuality. It has been said of 
him that “he was not like anybody else, did not look like any- 
body else, and did not talk like anybody else.” But his ways 
and his conversation were peculiarly winning and delightful. 
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Of a rather large family of children, four survive, two of them 
sons, and a goodly number of grandchildren. 

Epmonp Boissier died on the 25th of September, at his 
country residence in Canton Vaud, Switzerland, at the age of 
seventy-five years and three months. Having known him per- 
sonally almost from the beginning of his botanical career, which 
has been so honorable and distinguished, it is a melancholy 
satisfaction, as well as duty, to pay this passing tribute to his 
memory. ; 

Boissier came from one of those worthy families which were 
lost to France and gained to Geneva by the revocation of the 
Kdict of Nantes,—a family that has proved its talents and high 
character in more than one of its members. Madame the Coun- 
tess de Gasparin is a sister, next to him in age, and the two had 
their education very much incommon. He was born at Ge- 
neva, May 25, 1810, brought up and educated there, except that 
the summers were passed at his father’s place at Valeyres, 
which he in time inherited, and where his life was closed. From - 
his youth he was fond of natural history and of travel. It was 
not in his disposition, nor of the Genevese spirit of that day, to 
lead an aimless life; so, when he came to choose what may be 
ealled his profession, it was natural that, at Geneva, in the 
days of the elder De Candolle, he took to botany. He showed 
his great good sense by his early judicious choice of a field and 
by his unbroken devotion to it. ‘To the Mediterranean region, 
to Southern Spain, and the Orient most of his work relates. 
After a year or two of careful preparation he went to Spain, in 
1837, explored especially Granada and the eastern Pyrenees, 
and between 1839 and 1845 brought out his Voyage Botanique 
dans le midi de I’ Espagne, in two large quarto volumes, the first 
of narrative and plates, 180 in number, the second of descrip- 
tive matter relating to the Granadan flora. Among the species 
he brought to light was the Abies Pinsapo, the beautiful fir-tree 
pow so well known in cultivation. His narrative, besides its 
botanical interest, is charming reading. 

In 1842, after his marriage to his cousin, of the de la Rive 
family, he traveled with his wife in Greece, Anatolia, Syria, and 
Kegypt. It was to his dear companion that he dedicated two of 
their joint discoveries, Omphalodes Lucilie and Chionodoxa 
Lucilice. In 1849 he experienced the great sorrow of his life 
in her death from typhoid fever, during a second journey 
in the south of Spain. Between 1842 and 1854 he pub- 
lished the first series of his Diagnoses Plantarum Orientalium 
Novarum, filling two volumes, and in 1855 the second series of 
almost equal extent; in 1848 he completed his monograph of 
the Plumbaginacee ; in 1862 he promptly finished his con- 
scientious elaboration of the great genus Huphorbia for DeCan- 
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dolle’s Prodromus, and in 1866 brought out the /cones Huphor- 
biarum, of 120 folio plates from outline drawings by Heyland. 
In 1861 he made a trip to Norway with his associate, Reuter. 
Not to mention other journeys, he was again in Spain and adja- 
cent countries in 1877, and lastly, in 1881, his eighth visit,—then 
in wretched health. Passing by scattered papers of his, we 
come to his great work, the flora Orientalis, in five octavo vol- 
umes. It comprehends Greece and Turkey up to Dalmatia and 
the Balkans; the Crimea; Egypt up to the first cataracts; North- 
ern Arabia down to the tropical line; Asia Minor, Armenia, 
Syria, and Mesopotamia; Turkestan up to 45° of latitude; 
Persia, Afghanistan, and Beloochistan—that is, up to the bor- 
ders of India. The lirst volume was published in 1867; the 
fifth, in 1884, brings the work down to its conclusion with the 
Pteridophytes ; and the manuscript for a supplementary vol- 
ume, for recent discoveries and some re-elaboration, was about 
half finished when he laid down his pen under an attack seem- 
ingly no worse than the many he had recovered from, but 
which now terminated his earthly life. 

It was a noble life, shadowed by an early bereavement, and 
in later years worn by painful disease,—the manly life of one 
who lived simply and wrought industriously where many oth- 
ers with his independent fortune would have lived idly and 
luxuriously; and he was no less a loyaland publie-spirited citi- 
zen. Upon an occasion when, long ago, we met him at Geneva, 
he had no time for botanical parlance, for he was doing duty in 
the ranks of the federal army. Later, at atime of commotion at 
Geneva, he helped to quell a revolutionary riot, and received a 
painful bayonet wound in the service. ‘True to his ancestry, 
he was a devoted Protestant Christian, a trusted member of the 
synod of the Free Church in Canton Vaud, where he lived when 
not in winter residence at Geneva, and where his assiduous 
attentions to the poor and the sick will be remembered. He 
was a man of fine presence, and till past middle life of much 
bodily vigor. Asa botanist he gave himself to systematic work 
only, for which he had a fine tact, and, like the school in which 
he was bred, perhaps a faculty for excessive discrimination. 
No man living knew the Europeo-Caucasian plants so well, or 
eould describe them better; and his herbarium must be, with 
possibly one rival, the most extensive and valuable private col- 
lection in Kurope. He loved living flowers as well, and rejoiced 
in his choice conservatory collections at Rivage, on the shores 
of the Leman, and in his well-stocked rock-works of alpine plants 
which adorn his grounds at Valeyres. 
A charming biographical notice by one who knew him well 

through his whole life, M. de Candolle, is contained in the 
Archives des Sciences of the Bibliothéque Universelle de 
Généve for October last. 
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JOHANNES AUGUST CHRISTIAN ROEPER died on the 17th of 
March, 1884, at the age of eighty-four. He had been for some 
time the oldest botanist we know of, at least the oldest botani- 
eal author; for his first work, a monograpii of the German spe- 
cies of Huphorbia, was published in 1824. He was director of 
the Botanic Garden at Basle in 1828, when he published his 
classical paper De Organis Plantarum, and he may have been so 
in 1826, when he contributed to Seringe’s Melanges Botaniques 
his paper on the nature of flowers and of inflorescences, which 
first put the latter upon a scientific basis and essentially estab- 
lished the present nomenclature. He was botanical professor 
there in 18380, when he published his tract De Hloribus et Affini- 
tatibus Balsaminearum. In these essays he gave the promise of 
being one of the foremost morphological botanists of the age. 
Some time before the year 1840 he was translated to Rostock, 
where he held the botanical professorship for more than forty 
years, but without fulfilling the promise of his youth by 
additional contributions to the science of any considerable 
importance. There are, however, some articles from him in 
the Botanische Zeitung, and other German periodicals, the 
latest in the year 1859. In 1851 he was chosen a Foreign 
Member of the Linnean Society of London. We find no record 
of the place or time of his nativity. but we infer from a state- 
ment in the preface of his work on Huphorbia, which was pub- 
lished at Goettingen, that he was German, and not Swiss. He 
is said to have been most amiable, and of deep religious convic- 
tions. 

Art. Ill.—The SL tlie Surfaces of the Compound Pendu- 
lum ;* by Francis H. NIPHER. 

In discussing the compound pendulum, the statement is 
sometimes made, that particles near and below the axis of sus- 
pension are retarded, and that those near the bottom of the 
pendulum are accelerated by reason of their connection with 
the system. ‘The series of particles forming the axis of oscilla- 
tion are neither accelerated nor retarded. 

In a general way, so far as it concerns the time of a complete 
oscillation, this is all true, but it is not true in any compound 
pendulum ‘that the particles near the bottom continually exert 
a retarding effect upon the system. At any given instant, cer- 
tain particles in the system tend to diminish the actual accelera- 

* Read before the St. Louis Academy of Science, Oct. i9th, 1885. 
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tion, while others tend to increase it. These two tendencies 
always balance, although the value of each continually varies. 
These two groups of particles are separated by a surface, each 
particle of which has uo tendency to change the acceleration of 
the system, at that instant. The axis of oscillation always lies in 
this surface. On either side of this neutral surface there must be 
surfaces of equal tendency, those on one side having a plus, 
and those on the other side a minus sign. It is required to 
find the loci of these isodynamic surfaces at any given instant. 
This can be done by means of well known equations for the 
pendulum, which are first given. 

In fig. 1, let O represent the axis of 
oscillation, G the center of gravity, and 
S the axis of suspension. CallS G=K; 
S O=/, and let 7 be the distance of any 
element of mass dm from the axis 8. 
Let 6=the angle V SO, and a the angle 
between the lines 7 and 7, V S being the 
vertical plane containing the axis S. 

The entire mass of the pendulum may 
be supposed condensed on the vertical 
plane passing through G, and at right 
angles to the axes O and 8, each element 
of mass being supposed to be projected 
along a line parallel to those axes. The 
pendulum then becomes a thin plate 
of varying density, lying in the plane 
oi the paper as in fig. 1. 

This supposed condensation is really unnecessary in a rigid 
system, as the center of gravity G, and the element dm, may 
he in different planes, at right angles to the axis S without in 
any way changing the result. 

At any instant the linear acceleration of O is gsin @ and its 

angular acceleration is “ sin 6. This is also the angular accel- 

eration of every other particle in the system. ‘The linear accel- 
r 
at 

produce this acceleration on d m is 

eration of dm is therefore — g sin 6. The force required to 

Lr 6 
H’=dm 7g sin 6. 

The moment of this force about S§ is 

Bd - g sin 6 (1) 

If the element dm were disconnected from the system, its 
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linear acceleration in falling as a simple pendulum would be g 
sin (+a) and the moment of the force required to produce this 
acceleration would be 

EB’; = dm rg sin (6+ a) (2) 
Subtracting (1) from (2), : 

2 

r(E"—F') = dmgr sin (6+) — dm gsin@ (3) 
The factor F’’—F’=d F is a force which must be impressed 

upon dm in excess of its tangential weight-component, in order 
to impart to the element its real acceleration at the given in- 
stant. ‘This force may be either positive or negative, the sign 
depending upon the position of d m, and the direction of swing. 

The integral of (8) for the entire system is necessarily zero, or, 

ne dmgr sin (+a) — a sin 0 J dm 7°=0. (4) 
& 

The first term is the moment of the weight of the system, 
referred to the plane VS.. The second integral is the moment 
of inertia I, referred to the axis 8. Hence, 

MgK sin 6 — 4 sin 01 —0, 

Where M represents the entire mass of the pendulum. ‘This 
gives the well known value of J. 

(fre z 
M.K 

The loci of the isodynamic lines in the dise pendulum are 
determined from (8), which may be put into the following 
form : 

rd ¥ 

g dm 
This expression represents the moment of the impressed force 

d F per unit of weight at any point determined by the values 
r,@ anda. Making this value constant.=a, it gives the condi- 
tion for an isodynamic line, which is therefore— 

2 

a=rsin 6+a) — = sin 6 (6) 

Let S be the origin of a system of rectangular codrdinates, « 
being the horizontal and y the vertical codrdinate of dm. Then 

=r sin (9+ a) — — sin 0 (5) 

as P=a2'+y’ and sin (O+a)=—, equation (6) becomes, 

l L 2 Vig ca aL ee = (1), b 

eas Sin 6 ENO e (“) 

For a fixed value of @ and a varying value of a, this is the 
equation of a series of concentric circles, the common center 

being on the horizontal through S at a distance — — from 
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S. The radius of any circle is 

if l 
Ae Rs (2 ecg 8 
V 5 Ae sin 6 a) ©) 

If a=o, we have the condition that the motion of a particle is 
unaffected by its connection with the system. The radius of 
of this neutral circle is therefore 

R’=3.- (9) 

Equation (7) then becomes the equation of a circle containing 
the two points O and §, and tangent to VS at the point S. 
When 8 O is horizontal, R’ becomes 4/ and when it is ver- 

tical R’= om. The position of the neutral circle for various 
values of @ is shown in fig. 2. For a pendulum of 39 
inches, vibrating 2° on each side of the vertical, the radius of 
the neutral circle, or the distance of the common center varies 
between + 46 feet and to. 

S71 QV 2 

Within the pendulum, the circle never departs materially 
from the tangent SV, particles on the one side tending always 
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to increase, while those on the other side tend to diminish the 
actual acceleration of the pendulum. 

In (8) the condition a= —.—— or a=$R’=d’, reduces the ra- 
4 sin a 

dius to zero. This gives the value of a at the center of the 
wade L 

concentric circles. If the value of ano °8 deduced from (9) be 

substituted in (8) it becomes 
1 

a—+tR'— 
oT! 

This is the equation of a parabola, the position of whose 
vertex is given by the conditions 

Yiral 
ae = R’ 
B= Oy = gle 

the distance z being, of course, laid off at right angles to the 
plane of x, y. Revolving this parabola about its transverse 
axis, which is parallel to the axes O and S, the paraboloid of 
revolution obtained will represent the relation between @ and 
R for every point in the field. The changes which this surface 
undergoes during an oscillation of the pendulum, are very 
curious and interesting, but it is unnecessary to enlarge upon 
them here, further than to remark that the focus of the parab- 
oloid is always in the axis a, and its vertex is always in one 
of two right lines lying in a horizontal plane and making an 
angle of 80° with the axis a, and intersecting at S. 

These considerations are wholly independent of the maxi- 
mum amplitude of swing, and also of the geometry of the pen- 
dulum, excepting so far as it is involved in the distance J. 

The concentric circles which represent the isodynamic lines 
of the disc pendulum, are of course the right sections of coaxial 
cylinders, which represent the isodynamic surfaces of any com- 
pound pendulum. 

When @=0, these consecutive surfaces become a series of 
vertical and equidistant planes, as is shown by equation (6). 

R? (10) 

Art. 1V.—The Peridotites of the ‘‘ Cortiandt Series” on the 
Aludson River near Peekskill, N. Y. ; by Geo. H. WILLIAMS. 

IT is proposed in this paper to give a petrographical descrip- 
tion of the most basic members of that interesting group of 
massive rocks which occurs on the southern flank of the 
ocean Highlands about forty miles north of the city of New 

ork. 
The writer is under great obligations to Professor James D. 
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Dana of New Haven, who called his attention to these rocks 
as affording promising material for petrographical study, and 
kindly volunteered to guide him in an excursion over them in 
the fall of 1883. A large number of specimens was subse- 
quently collected; but many other pressing duties have since 
retarded the progress of the work. 

This group of rocks, covering an area of not over twenty- 
five square miles, is composed of many and varied members. 
It is separated quite sharply from the gneisses, mica-schists and 
limestones which surround it, showing none of the gradual 
transitions into these rocks which Hermann Credner, in his 
description of this district written in 1865,* supposed to exist. 
Professor Dana, who encountered these rocks in the course of 
his studies of the limestone -belts of Westchester Co., N. Y., 
designated them as the “ Cortlandt Series,’{ from their being 
principally confined to the township of Cortlandt, and pub- 
lished a quite detailed account of their mode of occurrence 
and macroscopic characters. He at first thought that they 
might have resulted from the metamorphism of very ancient 
voleanic ashes stratified by water while the surrounding sedi- 
ments were being deposited.{ He has, however, since ex- 
pressed the opinion, based on several new and excellent eX po- 
sures, that at least the most basic members of the series are 
truly exotic, intrusive masses.$ 

Professor Dana has divided all the massive Cortlandt rocks 
into five classes according to the nature of their most import- 
ant non-feldspathic ingredient, viz: (A) Hornblendic (diorite), 
(B) Hypersthenic (norite), (C) Augitic (diabase and gabbro), 
(D) Biotitic (diorite) and (HK) Chrysolitic (peridotite): This 
classification may perhaps be advantageously followed, pro- 
vided it be remembered that no sharp line can be drawn be- 
tween the different groups; but that, on the contrary, every 
possible transition from each group ‘into every other occurs. 
Indeed I know of no other region of massive rocks so well 
calculated to show the transitions, both sudden and gradual, 
of one rock-type into another. 

The writer now proposes to describe petrographically the 
different types of the Cortlandt Series in succession, commenc- 
ing with the most basic; this may be followed by an account 
of the highly contorted and metamorphosed schists which 
occur around their edge, while any general conclusions regard- 
ing the origin and material of these rocks will be reserved to 
the last, 

Such a study will serve as a contribution to our knowledge 

* Zeitschrift der deutschen geologischen Gesellschaft, xvii, 1865, p. 390. 
+ This Journal, ITI, xx, p. 194, Sept., 1880. 
+ Ibid., II], xxii, p. 111, Aug., 1881. § Ibid., III, xxviii, p. 384, Nov., 1884. 
i Ibid., I, XX, p. 196, Sept., 1880. 



28 G. HL. Williams—Peridotites near Peekskill, N. Y. 

of the little altered, ancient eruptive rocks of the United 
States; a knowledge necessary for any intelligent work on the 
very interesting question regarding the metamorphism of erup- 
tive masses which is now beginning to attract the attention of 
geologists. 

In the present paper only such of the Cortlandt rocks will 
be described as contain the mineral olivine. These are, for the 
most part, destitute of any considerable quantity of feldspar 
and belong therefore to the family of Peridotites; in some 
cases, however, by an increase in the amount of this constit- 
uent, they pass gradually into olivine-norites, olivine-gabbros 
and olivine-diorites. 

Curysouiric Rocks. 

Class I—Peridotite (Rosenbusch.) 

This class includes all massive, holocrystalline rocks of a 
granular structure, which are free from feldspar and contain, as 
their most characteristic constituent, the mineral olivine. The 
peridotites have been variously subdivided according to the 
other minerals which they contain, but for the present purpose 
it will be necessary to distinguish only two groups, in one of 
which hornblende, in the other pyroxene, is the most important 
ingredient. Itis not to be understood that the presence of one 
of these minerals in the least excludes the other; both are al- 
ways present, but in such varying proportions that it will be 
advantageous to designate which of the two, in a given case, 
plays the principal rdle. Both of these groups of peridotite 
occurring in the Cortlandt Series, are, in some respects, quite 
different from any which have been heretofore described. 
They everywhere grade into one another, and into their corre- 
sponding feldspathic equivalents. 

Of all the rocks occurring in the earth’s crust none are so 
subject to alteration as those composed largely of olivine. 
Nothing, therefore, can be better calculated to give an idea of 
the wonderful freshness of all the rocks near Peekskill than 
the fact that this very mineral is here frequently in an almost 
unchanged condition. The peridotites weather superficially 
into a reddish brown soil, but specimens taken from a short dis- 
tance below the surface show hardly more than the beginnings 
of alteration. The frequent polished and striated rock surfaces 
met with indicate that the great glacier was probably instru- 
mental in ploughing off and removing the more decomposed 
material, thus exposing the fresher rock below.* 

The distribution of the peridotites within the Cortlandt area 
is not a very extensive one. They are principally confined to 

*The freshness of these rocks is doubtless largely due to the relatively small 
amount of olivine which they contain. This, as will be shown in the sequel, is 
much less than that usually found in typical peridotites. 

pt ila 
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the northern half of Stony Point on the west side of the Hud- 
son River, and to the southern portion of Montrose Point on 
the east side of the river opposite Stony Point. LHven here, 
however, these rocks show a decided tendency to become feld- 
spathic. 

1, HORNBLENDE PERIDOTITE. 

Hornblende Picrite (Bonney);* Hudsonite (Cohen).t 

The best locality for specimens of this type of peridotite 
is ut King’s Ferry, in the extreme northwest corner of Stony 

<= ,____1 Point, a small prominence on 
the west side of the Hudson, 
somewhat 8. W. of Verplanck. 
Across the western portion of 
this point the New York, West 
Shore and Buffalo Railroad have 
recently made some long and 
deep excavations which admira- 
bly expose the chrysolite rocks, 
together with their line of con- 
tact with the mica-diorite on the 
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north and with the mica-schist on the south. The road fol- 
lows the shore across the northern area of soda-granite (mica- 

* Qt. Jour. Geol. Soc., xxxvii, 1881, p. 137. Bonney’s name for this group of 
rocks is not a good one, inasmuch as pierile, by the sanction of long usage, indi- 
cates an aggregate of olivine and augite. Moreover Bonney considers the com- 
pact brown hornblende to have originated from the paramorphism of augite, a 
supposition which for the brown hornblende of the Cortlandt peridotites at least 
is wholly untenable. 

+ This rock resembles very much the well known “ Schillerfels,”’ occurring near 
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diorite), as shown in the accompanying map; and exposes its 
eastern side in a high wall which is intersected by several fine 
erained dykes. It continues southward through the chrysolitic 
area and crosses the point in a deep cutting where the contorted 
mica-schists, their intersecting dykes and their contact with the 
peridotite, are all distinctly to be seen. In a small railroad filling 
near King’s Ferry on the north side of Stony Point, large 
quantities of the peridotite have been thrown out of tke adjoin- 
ing cutting and here many varieties may be collected. 

The most remarkable among these varieties is a dark green, 
at first sight apparently fine-grained rock, which, however, 
when held in the proper light, exhibits glistening, bronze-col- 
ored cleavage surfaces often measuring 8X4 inches. The re- 
flection from these surfaces is, however, not altogether con- 
tinuous, being interrupted by small rounded grains of a dull 
green mineral whose nature cannot be determined with the 
unaided eye but which the microscope shows to be olivine or 
serpentine. 

This is precisely the structure possessed by the ‘Schillers- 
path’’ or ‘‘ Bastit” of the Harz Mountains, which Professor 
Aug. Streng described as long ago as 1862.* It does not differ 
essentially from that of a feldspar crystal in graphic-granite 
whose cleavage surface is seen in reflected light to be inter- 
rupted by particles of uneven quartz. In fact this structure is 
so common in many massive rocks, especially in the more basic 
kinds, that I would venture to suggest the use of the term 
‘« noicilitic ” (derived from the Greek zoextAog, mottled) for it. 

Professor Pumpelly has described the same phenomenon in 
the melaphyres of the Lake Superior region under the name of 
‘“luster-moltlings,’ + a term adopted by Professor Irving for a 
similar structure which he found developed on a much larger 
the village of Schriesheim, a short distance north of Heidelberg in Baden, which 
has been elaborately described by Prof. E. Cohen (Benecke and Cohen: Geog- 
nostische Beschreibung der Umgegend von Heidelberg, 1881, pp. 141-148). This 
investigator regarded the large bronzy-looking crystals, enclosing smaller grains 
of the other constituents, as diallage. The same mineral is called ‘‘Schiller- 
spath ” by Fuchs and Bastite by Groth. Very recently however Cohen has re- 
vised his former determination and finds this mineral—as is the case in the 
Cortlandt rocks—to be hornblende. He therefore proposes to call this type of 
hornblende-olivine rocks *‘ Hudsonite,” on account of their extensive development 
on the Hudson River. (Neues Jahrbuch fiir Min., etc., 1885, II, p. 242.) This 
name has already been used by Beck (Mineralogy of New York, 1842) for a vari- 
ety of diallage occurring near Cornwall, N. Y., so that it would seem to the 
writer preferable, if a new name is necessary. to adopt the term ‘‘ Cortlandtite” 
for this class of rocks which play such an important réle in the “ Cortlandt 
Series.” 
*He says: ‘Charakteristish fiir den Schillerspath ist es, dass er tiberall yon 

Grundmasse durchsetzt wird, so dass sein deutlichster Blatter-Durchgang mit 
dunkeln, matten Fleckchen gesprenkelt ist.” (Neues Jahrbuch fir Min., Geol 
und Pal., 1862, p. 533). 
+ Metasomatic development of the copper-bearing rocks of Lake Superior. 

Proce. Amer. Acad., vol. xiii, p. 260, 1878. 
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scale in the coarse grained olivine-gabbros of the same district.* 
Professor M. EH. Wadsworth in a recent description of the 
Lherzolite from Presque Isle, Michigan, alludes to the same 
appearance and suggests that the reflecting mineral plays the 
same role in the peridotite that the iron does in the pallasites.+ 

In all cases heretofore described, the reflecting, bronzy min- 
eral appears to have been some variety of pyroxene—either 
augite, diallage or enstatite; in the peridotite from King’s 
Ferry, however, the glistening surfaces, as the microscope 
shows, are those of a brown hornblende.{ The individuals of 
this mineral are very large, being often four inches in diameter ; 
but, notwithstanding that they are so abundant as to be every- 
where in contact with each other, so full are they of inclusions 

_of the other constituents that they do not together make up 
one-half of the entire mass of the rock. (No. 90.)§ 

Another variety of this rock from the same locality, in which 
the reflecting surfaces of hornblende are considerably smaller, 
is much fresher than the one just described. (No. 95.) 

A macroscopical examination of these rocks is able to dis- 
close, in addition to the ingredients already mentioned, only 
frequent particles of magnetic pyrites (pyrrhotite) and glisten- 
ing flakes of a light green mica; a miéroscopical study of them, 
however, reveals much that is interesting. 

The fHornblende is undoubtedly the most important and 
characteristic constituent of this group of olivine rocks, for it 
is to this mineral that their peculiar habit is almost wholly 
due. That it is really hornblende which is present and not, as 
might be supposed by analogy with similar occurrences, some 
variety of pyroxene, is proven by the cleavage angle. Several 
measurements on a large Fuess reflection - goniometer gave 
values varying between 124° 15’ and 124° 50’ (calculated angle 
betweeen the prism (# P) faces for hornblende, 124° 30’). 
When examined under the microscope by transmitted light 

this mineral appears of a rich brown color, belonging to the 

* The Copper bearing Rocks of Lake Superior. Monographs of the U. S. Geol. 
Survey, vol. v, 1883, p. 42. 
+ Lithological Studies. Part I. Mem. Mus. Comp. Zool. of Harvard College, 

vol. ix, p. 136, 1884. 
t Professor Bonney has recently described a peridotite from Swift’s Creek, 

Gipps’ Land, Australia, which very strongly resembles both the Schriesheim and 
the Stony Point rock. The large cleavage surfaces with an interrupted luster 
Bonney determined to be those of hornblende. This mineral had a green color 
and only a weak pleochroism, It is considered by the author to be possibly of 
secondary origin having been produced by the paramorphism of the pyroxene. 
(See Mineralogical Magazine, vol. vi, p. 54, July, 1884.) 
§ The numbers given in connection with the different specimens are those of 

the collection of Cortlandt rocks belonging to the Johns Hopkins University. In 
case a letter is attached to a number, W. indicates that the specimen or section in 
question belongs to the writer’s private collection, while D. refers to sections 
loaned by Professor James D. Dana, for whose kindness in this respect the writer 
would express his deep obligation. 
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variety known as basaltic hornblende. The difference in ab- 
sorption between the ray vibrating parallel to the axis of great- 
est elasticity, a, and either of the others is very marked; but 
between the rays vibrating parallel to c and b a difference is 
hardly observable.* The color of the c ray is a dark chest- 
nut; that of the b ray the shghtest tinge lighter, while q is a 
light yellow. The absorption may be expressed by the formula 
c=b>>a.t In sections therefore which he in the zone # P #: OP 
a very strong change of color is observed when the stage is 
revolved over the polarizer. On the other hand sections nearly 
parallel to «Po or oP remain dark brown by a complete 
revolution. This accounts for the fact that apparently non- 
pleochroic hornblende often occurs in the same section with 
such as is strongly pleochroic. The difference depends only 
upon the direction in which the mineral is cut. The extinction 
angle in a section cut parallel to the clinopinacoid, measured 
against the cleavage lines (vertical axis), gave values varying 
between 9° and 10°. 

The inclusions in this hornblende are both numerous and 
characteristic. The most common are opaque black needles, 
ranging in size from the finest dust to about (08 mm. in length. 

The majority of these are arranged 
either parallel to the vertical axis 
or else so as to make an angle of 
about 45° with this. Others appear 
quite irregular in their position. 
More rarely small transparent crys- 
tals, the largest of which are 05 mm. 
long and ‘02 mm. broad, occur with 
the opaque needles. The nature of 
these could not be determined. 
They seemed, however, to possess 
a sharp crystal form, a high index 

of refraction and a parallel extinction. These are most frequently 
arranged with their longest axes inclined approximately 45° to 
the c. axis of the hornblende, or perpendicular to it. Still more 
rarely than these transparent crystals, the hornblende contains 
inclusions of thin brown plates similar to those which are so char- 
acteristic of hypersthene. All of these interpositions, of which 
the opaque black needles as a rule occur alone, show a tendency 
to concentration toward the center of the hornblende, leaving a 
border near the edge comparatively free from foreign substances. 

*In the mineral hornblende, } (axis of middle elasticity) coincides with the 

crystallographic axis b (orthodiagonal); ¢ (axis of least elasticity) agrees nearly 
. | . . . . . . . . . . 

with c (vertical axis), while a (axis of greatest elasticity and principal bisectrix) 
is situated in the plane of symmetry at right angles to c. 

+ Vid F. Becke, Tschermak’s Min. und Petrog. Mitth., 1882, p. 235. 
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Often however they form irregular patches scattered like little 
clouds over the brown background.* ; 

The hornblende itself never shows any trace of crystalline 
form. It fills the irregular spaces between the other constitu- 
ents, a single individual often covering a space some inches — 
square. From its relations to the other minerals in the rock it 
is evident that it was the last to solidify, while the great size 
of the crystals would seem to indicate that the process of their 
formation went on very slowly. If, as seems probable, the 
portion of this rock now exposed cooled at a very considerable 
depth below the surface, the minerals like olivine, hypersthene 
and augite, which are commonly formed at comparatively high 
temperatures, might have separated out of the magma, leaving 
the remaining portion, which must have had almost exactly 
the composition of the brown hornblende, in a more or less 
pasty condition until the succession of a lower temperature, 
more in accordance with the amphibole than with the pyroxene 
arrangements of the molecules, finally allowed it to solidify in 
its present form. The well-known fact that the same molecule 
may crystallize at high temperatures as augite and at lower 
ones as hornblende, renders this a possible explanation of the 
curious structure of this rock. Itis equally applicable to such 
as contain no hornblende where bastite or diallage present the 
same appearance. Here also it is the youngest mineral (i.e 
the one formed at the lowest temperature) which encloses the 
others. In this case, however, complete solidification of the 
rock may have taken place before the temperature was suffi- 
ciently lowered to make hornblende a more stable form than 
pyroxene. 

The hornblende seems particularly subject to alteration, 
which is often far advanced before the olivine or the pyroxene 

_ are materially affected. The first change which the hornblende 
undergoes is a bleaching, accompanying which is the almost 

* The inclusions here described in hornblende, as well as those mentioned beyond 
as occurring in the olivine, are identical with those which Professor J. W. Judd, 
of London, has recently treated with considerable detail in his paper on the 
Tertiary Peridotites of the Western Islands of Scotland.. (Quarterly Journal of 
the Geological Society, vol. xli, p. 354, August, 1885.) This author considers all 
of the minute, indeterminable bodies which are so common in the feldspar, hypers- 
thene, diallage, hornblende and olivine of the more basic ancient eruptive rocks 
as secondary in their origin. He thinks that at the great depths at which these 
rocks were probably formed, the pressure imparted to the circulating waters such 
an increased solvent action that cavities having the form of negative crystals 
were produced in certain crystallographic planes, similar to the well-known 
‘‘eetzfiguren.” Into these cavities he supposes certain ingredients, which had 
been leached out of the mineral or out of other minerals surrounding it, to have 
been deposited. To such a secondary process, which is almost always accom- 

panied by the development of a glistening, bronzy luster on the planes in which 
the negative crystal cavities have been formed, Professor Judd applies the name 
“ Schillerization.” (1. c., p. 383.) 

To the conclusion regarding the secondary formation of these well-known in- 

Am, Jour. Sci.—Tuirp Series, VoL. XXXI, No. 181.—Jan., 1886. 
3 ~ 
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total disappearance of the characteristic inclusions. The min- 
eral becomes nearly colorless and consequently nonpleochroic 
while retaining the compact structure and optical behavior of 
the unaltered portion. later there is developed, particularly 
around the edge of the hornblende, a bright, emerald green 
substance which on account of its lack of dichroism and very 
feeble action on polarized light may be regarded as chlorite. 

Next to the hornblende the most important constituent of 
this rock is the olivine, which is remarkable both for its fresh- 
ness and for its beautiful inclusions. It is present in rounded 
grains or in well defined crystals upon which the usual combin- 
ation of domes, prism and pinacoids may.be seen. These crys- 
tals vary from $ to 2 mm. in diameter. The mineral is quite 
colorless, with a high index of refraction, and is traversed by 
irregular cracks along which serpentinization may frequently 
be seen to have commenced, although in many sections there is 
hardly a trace of this alteration. The inclusions in this olivine 
are quite similar to those which have been described in the 
olivine-gabbro from the island of Mull on the west coast of 
Scotland by Prof. Zirkel* and by Prof. Cohen in the so-called 
Hypersthenite from Palma.t They are black and opaque, having 
generally the form of minute, rounded grains or long rods ar- 

clusions in the manner above described, the present writer would take exception 
on the following grounds :— 

Ist. It is by no means true that all crystals of the same mineral from the same 
locality, or even in the same specimen, always contain these inclusions in equal 
quantity. In the hypersthene of the Baltimore gabbros, for example, they are 
sometimes abundant, sometimes wholly wanting, and this is true even of indi- 
viduals occurring side by side in the same thin section. 

2d. Professor Judd’s explanation is inconsistent with the frequent zonal ar- 
rangement of these inclusions. If they were formed subsequent to the solidifi- 
cation of their host, we should expect to find them uniformly distributed; on the 
contrary in the hornblende above described and in many feldspars they are con- 
centrated toward the center or grouped in regular zones. 5, 

3d. It does not appear to be a fact that, as Professor Judd suggests, the minerals 
in which these inclusions are most abundant, are lighter in color or less strongly 
pleochroic than those without them. In sections of the Baltimore gabbros no 
difference could be observed by the writer between either the color or pleochroism 
of hypersthene crystals destitute of inclusions and such as were completely filled 
with them. 

4th. The minerals in which the inclusions are most abundant are always ex- 
tremely fresh in their appearance. At the commencement of anything like alter- 
ation they are the first things to disappear. 

5th. Many inelusions of this class do act upon polarized light, indicating that 
they belong to definitely crystallized species. 

To the writer there seems every reason to regard the indications which produce 
‘“ schillerization’’ as original in their nature. They appear to be composed of 
substances extruded from the rest during the process of its crystallization as in- 
capable of forming a part of its chemical composition, not unlike the crystalliza- 
tion of certain impurities in limestone as various silicates, when the limestone 
undergoes metamorphism to marble. 

* Zeitschrift der deutschen geologischen Gesellschaft, xxiii, 1871, p. 59, Pl. IV, 
Fig. Il. Mikrosk. Beschaffenheit, p. 214. 

+ Neues Jahrbuch fiir Min,, etc., 1876, p. 750. 
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ranged parallel to one or more of the crystallographic axes of the 
olivine, although they are sometimes more irregular in their. 
distribution. Frequently these rods, instead of being straight, 
are variously bent and twisted, exhibiting the forms of trichites 
in obsidians. In such cases ‘they show a tendency to form 
elliptical groups resembling a fine arabesque, as figured by 
Zirkel. The same author has observed that while these incla- 
sions are very characteristic of the olivine of the older rocks, 
they are never found in that of the younger basalts. i 
could not see that those occurring in the Cortlandt peridotite 
were ever translucent as stated by Zirkel and Rosenbusch for 
other localities. There seems little doubt that they are com- 
posed of magnetite, since they are readily decomposed by acid, 
and since such grains of olivine as contain them in abundance 
are attracted by the magnet. 

Aside from the ordinary alteration of olivine to serpentine, 
which may be most instructively studied at every stage in the 
Cortlandt rocks, the most interesting phenomenon exhibited 
by this mineral is the beautiful development of reactionary 
rims or zones, wherever the olivine comes in contact with 
feldspar. This latter mineral is indeed no essential ingredient 
of the peridotites, but as already mentioned, they constantly 
show a tendency by its assumption to grade into olivine-gab- 
bros and olivine-norites. Wherever olivine comes in contact 
with feldspar, no matter how fresh both of the minerals may be, 
there is always present between 
them a double zone, the inner por- 
tion,nearest the olivine, being com- 
posed of square grains of nearly 
colorless pyroxene and the outer 
one of tufts of radiating actinolite 
needles of a beautiful bluish-green 
color and strongly pleochroic. Cer- 
tain slides in Professor Dana’s col- 
lection from Stony Point show this 
structure in great perfection, (see fig- 
ure). ‘The interior band of pyroxene 
is here 0:07 mm. wide; the exterior one 0:15 mm. The same phe- 
nomenon has been described by Tornebohm in the olivine-hyper- 
ites from Olme in Sweden* and is even more wonderfully devel- 
oped in a coarse grained olivine-norite from the south shore of 
Lake St. John, Prov. Quebec, Canada.t So constant is the de- 
pendence of this zone upon the contact of the olivine and the 
feldspar, that it must be in some way due to a reaction between 
the substance of these two minerals, the resultant amphibole and 

* Neues Jahrbuch fiir Min., ete., 1877, p. 383. 
+ Vid. F. D. Adams, Am. Naturalist, Nov., 1885, p. 1087, 
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pyroxene having an intermediate composition. So sharply de- 
fined, however, are the crystals of this zone against the per- 
fectly fresh feldspar and olivine substance that it is difficult to 
conceive of them as produced after the rock had entirely solidi- 
fied. They may have been formed by a reaction between these- 
substances while at least one of them—the feldspar—was crys- 
tallizing, although in some cases the formation of the actinolite 
seems to have continued after this time. In any event, all 
traces of this border around the olivine disappears the instant 
this mineral comes in contact with any other constituent than 
the feldspar. 

The pyroxene constituent of the peridotite from King’s Ferry 
appears to be for most part hypersthene. It sometimes forms 
small irregular grains not larger than those of the olivine, but 
in other specimens it is present in individuals which are over a 
centimeter in length, enclosing the smaller grains of both oli- 
vine and hypersthene like the hornblende. In all forms it 
possesses all the ordinary characteristics of hypersthene, ex- 
cept that it is singularly free from the usual inclusions. Its 

pleochroism is very strong: @=a ray, red; b=b5 ray, yellow; 
{ 

c=c ray, green. Its cleavage is well developed parallel to 
the prism (« P) and also still better parallel to the brachypina- 
coid (oP @). Its orthorhombic character is proven by its 
parallel extinction and the appearance of a bisectrix when such 
sections as are cut nearly perpendicular to the vertical axis are 
examined in converging polarized ight. A common, non-pleo- 
chroic augite, in which a diallage habit is frequently developed 
by the presence of a parting parallel to the orthopinacoid, is 
also often to be observed in this rock, although in many speci- 
mens it is altogether lacking. As this constituent increases in 
importance the rocks grade into those of the next group. 

The only remaining silicate which enters into the composi- 
tion of the hornblendic peridotites is the biotite. This mineral 
rarely retains its brown color. It is generally so completely 
bleached as strongly to resemble muscovite in thin sections. 
It is much bent and twisted, often having small lenses of cal- 
cite interposed between its lamella, like those figured by Dr. 
Hussak.* Aside from mere bleaching, the formation of the 
bright green, chloritic mineral, noticed as an alteration product 
of the hornblende, is also frequent. ‘he true character of this’ - 
mica is revealed by its very small axial angle—the hyperbolas 

- being hardly seen to open at all when cleavage pieces are ex- 
amined in polarized light—as well as by the fact that rarely 
sections may be found which have escaped the bleaching. 

* Anleitung zum Bestimmen der gesteinbildenden Mineralien, 1885, Taf. II, 
fig. 81. 
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These have the characteristic color and dichroism of biotite and 
sometimes contain acicular inclusions resembling the needles of 
rutile described by the writer in biotite from the Black Forest.* 

Feidspar though frequently accessory, is never an important 
constituent of these rocks. 

Magnetite, aside from composing the tnelconet in the olivine 
above referred to, forms small grains which line the cracks in 
this mineral, and are especially abundant about its edge, where 
it is in contact with the brown hornblende. The large opaque 
grains scattered through the rock are almost all pyrrhotite, 
{magnetic pyrites (Fe,S,)); chromite or picotite were not ob- 
served ; another form of spinel however, pleonast, recognized 
by its dark green color and isotropic character, is not uncom- 
mon. This mineral is filled with thin opaque plates almost 
exactly like the inclusions in the well-known hercynite from 
Ronsperg in Bohemia. Apatite was hardly ever observed. 

2. AUGITE PERIDOTITE. 

Picrite (Tschermak).t 

The true picrites of the Cortlandt Series are very closely 
related to the hornblende-peridotites just described. They are 
connected by a complete series of transitional stages in which 
the amount of hornblende becomes less and less, while a non- 
pleochroic augite, which under the microscope appears nearly 
colorless, is developed i in proportion. 

The best locality for the most typical picrite is near the east- 
ern bank of the river on the south side of Montrose Point. 
(No. 62). In this rock the brown hornblende, although still 
present in the form above described, is reduced both in amount 
and in the size of the individuals, while the augite reaches its 
maximum development. Montrose Point rises on the western 
side of the basin in which most of the Crugers brick-yards are 
situated, as a rather abrupt rocky wall. This is generally 
covered with a reddish, earthy deposit, due to the oxidation of 
the iron in the basic an nerielle of which it is composed. The 
rock, of which very fresh and unaltered specimens may be ob- 
tained near the river bank, is of a dark green color and of an 
even grain of medium coarseness. When examined with the 
unaided eye its most prominent feature is the glistening, black 
cleavage surfaces of hornblende. Small grains of magnetic 
pyrites and reddish spots indicating the former presence ‘of an 
olivine crystal are abundant. 

In a thin section under the microscope the hornblende, in 
spite of its prominence in the hand-specimen, is seen to be sub- 

* Neues Jahrbuch fiir Min., Geol. und Pal., II. Beilage—Bd., p. 617. 
+ Sitzungsber. d. k. Akad. in Wien., 1866. Bd, xl, p. 113. 
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ordinate to the pyroxene. This mineral is chiefly represented 
by a nearly colorless augite, which frequently assumes the 
habit of diallage by the development of a pronounced part- 
ing parallel to the orthopinacoid. In spite of this, however, 
the inclusions so characteristic of diallage are, in all of this 
monoclinic pyroxene, almost wholly absent. This mineral can 
of course show no pleochroism when it is so nearly colorless. 
Twinning lamelle parallel to the orthopinacoid are frequent, 
their boundary being often visible in ordinary light as a sharp 
line. The extinction angle in prismatic sections is in some 
instances as great as 40°. Cleavage fragments parallel to the 
orthopinacoid show in converged polarized light a single opti- 
cal axis which remains nearly stationary in the field when the 
stage of the microscope is revolved. 

Hypersthene, in all respects identical with that described as 
occurring in the hornblende peridotites, is common, but in no 
instance is it as abundant as the diallage. Very interesting in- 
stances of the parallel growth of these two minerals were ob- 
served where the orthopinacoids of both lie in the same plane. 
In some cases no line of demarcation could be seen between 
them, although the pleochroism of the hypersthene easily dis- 
tinguished it from the diallage. A crystal of the latter mineral 
looks as though it had become red and pleochroic at one extrem- 
ity or the other; but between crossed nicols the orthorhombic 
character of this pleochroic portion is very apparent and in 
great contrast with the high extinction angle of the diallage. 

The hornblende is likewise quite identical with that already 
described. It is, however, much reduced in amount and in the 
size of the individuals. In the abundance of its inclusions it 
forms a contrast to both of the pyroxenic constituents. 

The olivine shows no peculiarities which have not been 
already noted. It is not present in large amount but forms 
comparatively sharply defined crystals, scattered at intervals 
among the other constituents. It is often extremely fresh but 
in other cases completely changed to a yellow, isotropic ser- 
pentine. 

Considerable magnetite is readily extracted from the powder 
of this rock with a magnet. Neither apatite nor feldspar were 
observed in the sections of the Montrose Point rock. 

Another rock almost identical with the one just described 
from Montrose Point was collected about 135 yards west of 
Munger’s near Montrose station on the N. Y.C. R. R. (No. 46.)* 

Still another specimen (No. 54), which belongs to this type © 
was obtained near the house of Mr. Butler, on the road leading 
from Montrose Point to Montrose Station. It represents a 

* Mentioned by Prof, Dana in this Journal, Sept., 1880, at the foot of page 217. 
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member of the extremely interesting section exposed here for 
350 feet and described by Professor Dana in his paper on the 
Limestone belts of Westchester County.* The rocks here vary 
considerably in their mineralogical composition at different 
points. They are for the most part quite massive but not in- 
frequently they exhibit signs of a schistose structure. ‘This 
Professor Dana was inclined to attribute to only partially ob- 
literated stratification planes; but a microscopic study of the 
rocks in question shows most conclusively that the structure is 
one which was secondarily developed in massive rocks by the 
action of great pressure. Scarcely any specimen is better cal- 
culated to show the effects of such action on the minute inter- 
nal structure than the above mentioned No. 54. The minerals 
present are diallage, hypersthene, brown hornblende and a little 
olivine. The principal constituent is diallage in large rounded 
individuals which are frequently twinned and always possessed 
of that peculiar, finely striated (almost fibrous) appearance, 
which is well known to be the result of pressure.t These 
diallage crystals are often bent and, no matter what may be 
their crystallographic orientation, it can be seen- that for all 
the pressure acted from one constant direction. Around these 
diallage individuals, and occasional hypersthene crystals which 
have been subjected to like influences, extend finely granular, 
curving bands of secondary pyroxene and brown hornblende. 
This granular aggregate encloses the large, rounded and bent 
pyroxene crystals like a groundmass and produces a structure 
similar to that seen on a larger scale in the “‘augen-gneiss.”{ 
Such fine-grained aggregates of secondary minerals enclosing 
the remains of larger original crystals have been admirably 
described and illustrated by Professor J. Lehmann§ in the 
‘“ Augen-gneisses, granulites and ‘“ Flaser-gabbros” of Saxony 
and by Professor K. A. Lossen|| in the metamorphosed diabases 
of the Harz Mountains. ; 

It is a fact not without significance in the case before us that 
brown hornblende is a very abundant constituent of the second- 
ary groundmass while it appears to be lacking among the origi- 
nal constituents, although the larger individuals of diallage 
appear in some cases to be passing into it by paramorphism. 

Two sections of Professor Dana’s collection marked St. 8 (D) 

* This Journal, Sept., 1880, p. 218. 
+ Vid. O. Miigge, Neues Jahrbuch fiir Min., Geol. u. Pal., 1883, i, p. 84, and 

van Werveke, ib., ii, p. 99. ; 
t For the German term for this structure: ‘“flaserige or mikroflaserige Struktur” 

there seems to be no exact English equivalent. It is common in the gneisses and 
is sometimes called lenticular structure. The term “ flaser-structure” might be 
adopted for it from the German. 

= Untersuchungen tiber die Entstehung der altkrystallinischen Schiefergesteine. 
Bonn, 1884. 

|| Jahrbuch der kon. preuss. geologischen Landesanstalt fiir 1883, p. 619. 
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and St. 6 (D) belong to this class of picrites. A chemical analy- 
sis of the rock (No. 62) from the south side of Montrose Point 
was made by Mr. W. H. Emerson in the laboratory of the Johns 
Hopkins University with the following result :— 

DiOi ys 2s) Cake Sees eS eae 47°41 
AYO hee eee eee 6°39 
Fe: 23a eee aa eee 7°06 
BeOS 20 RR Te eee 4°80 
CaO Sees Wee Soe yy een 14°32 
Mo Oise coats fie reiee 15°34 
INEIOK ce Sie als ee ‘69 (determined by difference) 
REQ EE AGO Lad OR LENT 1:40 
EDOM EEDA ieee 2°10 
ee yee ENR CR ERD inte “49 

100°00 
Specific gravity = 3-30 at 15° C. 

f The sulphur may be referred to pyrrhotite. The high specific 
gravity and the percentage of ferric iron present indicate a con- 
siderable amount of magnetite. The almost equal quantities of 
lime and magnesia prove that neither hypersthene nor olivine 
can be largely represented among the constituents. The silica 
will be seen at once to be too high for a typical peridotite. In 
fact all the most basic rocks of the Cortlandt Series which have 
come under the writer’s notice are too acid to be classed as 
representative olivine-rocks. This manifests itself, as in the 
rocks here described, in the relatively small amount of olivine 
associated with the pyroxenic constituents or in their tendency 
to develop feldspar and so form transitions to olivine-gabbros 
and norites. 

A rock, which is quite common on the northern side of Stony 
Point and also to be met with at several localities in the town- 
ship of Cortlandt, possesses a composition intermediate between 

the hornblende-peridotite and the 
picrite. The groundmass of this 
rock is a moderately fine-grained, 
gray colored aggregate composed 

; principally of diallage with some 
= Z40\ hypersthene and olivine. It corre- 
2 Ee & S54 sponds quite closely to the picrite. 
et. 6 +5] Imbedded in thisare sharply formed 

eras hs S7jIV Wa crystals of black hornblende from 
one to two centimeters in diameter. 

ay es These are short prismatic in shape, 
<a being terminated at both ends by low 

dome faces so as to give cross-sections as shown in the figure. 
They are porphyritically scattered through the gray groundmass, 
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sometimes very abundantly, and produce a curiously mottled 
rock which is striking in appearance. These hornblende 
erystals are themselves filled with inclusions of the other con- 
stituents, just as are the irregularly shaped hornblendes of the 
hornblende-peridotite. (Specimens No. 94 from Stony Point 
and No. 121 from the center of Cortlandt township.) 

The rocks treated of in this paper, though all non-feldspathic 
and olivinitic and hence properly coming under the defini- 
tion of peridotite, are very closely allied to a large and impor- 
tant group in the Cortlandt Series from which both feldspar 
and olivine are absent. Hspecially on the northern side of 
Montrose Point curious and unusual massive rocks occur, com- 
posed only of augite, diallage, hypersthene, brown hornblende 
and a little biotite. These constituents. are present in every 
conceivable size and proportion. Professor Dana has designa- 
ted these rocks as hornblendytes and pyroxenytes.* The 
writer hopes to communicate the results of a microscopic study 
of them, together with the gabbros and norites of the Cortlandt 
Series, in a later paper. 

Petrographical Laboratory of the Johns Hopkins Wnivorsiie Oct. 15, 1885. 

Art. V.—Description of a Meteorite from Green County, Ten- 
nessee; by \WWM. P. BLAKE. 

THE meteoric iron, of which the following is a description, 
was found by a farmer ploughing his field, in Green County, 
Tennessee. It was completely buried in the earth and there is 
no knowledge of the time of its fall. In the year 1876 it was 
sent by General J. T. Wilder with the minerals of Tennessee 
to the International Exhibition at Philadelphia, and has since 
been in the writer’s collection at New Haven. The weight of 
the mass is 290 pounds, equivalent to 639:36 kilograms. The 
original weight is said to have been 300 pounds. It has been 
lessened by ‘small porticns cut from the ends of the iron and 
by exfoliation. 

The form of this iron is its most striking visible peculiarity, 
being an extremely regular long ellipsoid, tapering at each end 
to a flattened point, but having throughout its length an ellip- 
soidal section. It has been compared in shape to a flattened 
cigar. ‘Phe form and general appearance of the mass are, how- 
ever, shown by the accompanying illustrations. Figure 1, a 
top view of the broadest surface, from a photograph, and figure 
2.an outline of the side view. 

The dimensions of this meteorite are: 

*This Journal, Sept., 1880, pp. 197, 198. 
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Inches. Meter. 

Leneth =. oe eG "9144 
ie, See pa Be 10 "2540 

aise a tate: 6 "1524 

ee are As ne 24 "5991 

The cutting off of small fragments from each end before it 
came into my possession has, apparently, reduced the original 

length three, or possibly as much 
as) Six, inches, assuming that the 
mass was prolonged in the direc- 
tion of the remaining surfaces. 

The surface is scaly and rusty, 
but is in general smooth and evenly 
curved, with the exception of sey- 
eral cup-shaped indentations or 
depressions, one of which, near 
one edge, gives the inward curva- 
ture in the elliptical outline seen 
in fig. 1. One of the depressions 
is nearly three inches broad and 
an inch in depth. So far as the 
examination of the mass has ex- 
tended, the interior not having yet 
been laid open to view, these de- 
pressions do not appear to be due 
to the weathering out of more or 
less globular inclusions, such as 
troilite or schreibersite, but rather 
to the unequal exfohation. The 
mass when struck by a hammer 
is remarkably sonorous and seems 
to be very compact and sound 
throughout. 

This meteorite clearly belongs 
to the class of exfoliating deliques- 
cent irons, several examples of 
which have been found in T’ennes- 
see and the adjacent States of 
Georgia and North Carolina. The 
oxidized crust is in some places 
very thin and a few strokes of a 
file develops the unchanged bright 
iron below, but in other parts of 
the mass the crust has been found 
to be much thicker, especially 
after the meteorite has stood un- 
moved for several years. Flakes 

as broad as the hand, and nearly one-quarter of an inch in 

wR TA 
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thickness, have then been sealed off from the lower side. 
This scaling is the result of the gradual oxidation of 
the surface of the iron by the deliquescence of included 

iron protochloride—lawrencite of Daubrée—as shown by the 
abundant reactions for chlorine and the constant accumula- 
tion of moisture, especially upon the under surface of the 
iron. ‘This deliquescence has for years been sufficient to cause 
drops of perchloride of iron to form and fall off at times upon 
the support below. The heavier of the oxidized crusts exhibit 
thin successive layers with smooth mammillated surfaces like 
the surface of limonite. They consist of a mixture of hydrous 
sesquioxide of iron and magnetic oxide. They affect the mag- 
netic needle and exhibit feeble polarity as some fragments of 
the bright iron also do, but this may be in consequence of the 
invisible presence of a scale of the magnetic oxide. The 
exudation of moisture appears to be greatest from small seams, 
which on cutting into the iron are found to extend for half an 
inch or more below the surface and are filled up with dark and 
hard magnetic oxide. Freshly cut surfaces of the iron, when 
laid upon a sheet of white paper, soon cause rusty spots, and 
moisture accumulates upon the surface, particularly in damp 
weather. We have perhaps in this constant exfoliation of the 
mass an explanation of its peculiar symmetrical form. It may 
be regarded as the kernel or residuary nodule of a much larger 
and probably a much more irregularly shaped mass, the gradual 
exfoliation having thrown off the irregular projections leaving, 
finally, the symmetrical core. 

For the examination of the internal structure and chemical 
composition a slice a few ounces in weight was cut from one 
end. The iron is readily cut by a saw with oil and it works 
well under a file, giving a uniform dense surface without any 
signs of inclusions or of crystalline structure. If a fragment 
is sawn partly across and is then struck a strong sharp blow a 
fracture is obtained and exhibits a fine granular surface like 
some fine grades of cast steel, but no crystalline facets are vis- 
ible. It is perfectly malleable. Thin, fin shaped projections 
may be bent back and forth repeatedly without cracking. A 
fragment heated to redness and quenched in cold water is not 
perceptibly hardened, and may be, as before, spread into thin 
sheets under the hammer. Its malleability is not impaired. 
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The metal takes a high mirror-like polish. The only imper- 
fections seen are the occasional seams of magnetic oxide which 
probably will not be found in portions taken from the interior 
of the mass. The polished surface treated with nitric acid 
fails to show any structural markings, and the etching of a 
cuboidal mass with polished plane surfaces at various angles 
gives a like negative result. The iron dissolves equally on all 
sides leaving a delicate velvety or frosted surface indicating a 
very even and fine granular structure. In polishing, the use of 
a burnisher must be avoided for the lines of unequal condensa- 
tion will appear in the etched surface. The dull soft surface 
left by etching has a silvery gray color and yields quickly to 
the burnisher and becomes mirror-like. The specific gravity of 
the iron at 60° F. taken upon a cuboidal mass dressed with a 
file to remove all sca:e was found to be 7°858, but subsequent 
solution showed that there was a very small amount of included 
scale. 

A qualitative examination showed the presence of iron, nickel 
and chlorine. A special examination for phosphorus was not 
undertaken, No satisfactory reaction for cobalt could be ob- 
tained. Hydrogen is probably occluded, but no test for it was 
made. A more complete chemical examination is intended 
upon a portion taken from the midst of the mass. A quantita- 
tive determination of the iron and the nickel by the method 
recommended by Baumhauer gave me in per cents: 

ATO Tay eae eee Rule i ale ae pads coe evan shea EN | 91°421 
UNG he eis ak uate nic naur el Bk ais pe RSENS UNV ein Rat NS AAS ea 7°955 

99°376 

The solution of the iron in pure cold nitric acid developed 
some hidden peculiarities. A gray heavy metallic powder is 
thrown off as the solution progresses and accumulates at the 
bottom of the beaker. This powder when separated by decan- 
tation and washing is found to be in distinct grains and resem- 
bles finely divided metallic nickel, which is its dominating 
constituent. It remains apparently unacted on by the nitric 
acid, while the solution of the parent source is progressing 
rapidly. Exposed to the air, even while moist, it does not ap- 
pear to oxidize. It is very malleable, and when pressed in a 
smooth agate mortar with the polished end of the pestle it flattens 
and covers the surface as if with a sheet of silver. It dissolves 
quickly in hot nitric acid, and gives a green solution and the 
reactions for nickel and for iron also. The quantity varies 
with the temperature and strength of the nitric acid used. In 
one trial about five per cent. was obtained. In another the 
grains were in the form of spicule, the length being greater 
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than the breadth. In composition it is an alloy or mixture of 
nickel and iron with the nickel in larger quantity relatively to 
the iren than in the mass. 

This deportment in acid indicates the diffusion of granules 
of a nickel alloy less soluble than the bulk of the iron. . It is 
possible however that the separation of these grains may be 
the result of mechanical action attending rapid solution, and 
the evolution of gas disintegrating the iron, producing small 
grains, from the surface of which the iron is dissolved faster 
than the nickel. Hither view of the origin of the granules sus- 
tains the conclusion that this meteoric iron has a granular 
structure, which is but another phase of the still unexplained 
phenomena of the aggregation, or structure, of meteoric irons, 
whether they are distinctly crystalline or are made up of layers 
differing in composition. The granular condition is more like 
that of electrolytic iron than the crystalline or banded forms 
and it may be regarded as lending additional support to the 
theory of electrical deposition. 

Compared with some other meteoric irons with oxidized sur- 
faces it is found to resemble the iron from Dalton, Whitfield 
County, Georgia, now in the collection of Professor Shepard. 
This meteorite has a brown and scaly coating but the iron has 
traces of geometrical structure. Itis stated that when this Dal- 
ton meteorite was found, one mass of iron was sent off to Cleve- 
land, Tennessee, and has since been lost sight of. Another 
meteorite from Green County, Tennessee, is described as hay- 
ing an oval flattened form with a coating of specular iron pene- 
trating for half an inch or more the mass of iron. Specific 
gravity 7:43. No crystalline structure and no nickel was 
found, but three per cent of carbon, chromium, and tin.* Ex- 
cept in composition and gravity this iron compares closely with 
the subject of this paper. 

According to Prof. Shepard, a meteorite from Green Co., 
Tenn., contains 14°7 per cent of nickel.t The Tazewell County, 
Tennessee, meteorite, in which the late Prof. J. Lawrence Smith 
found solid protochlorid of iron was oxidized in some places 
one quarter of an inch deep. It exhibits crystalline structure 
and contains 15 per cent of nickel. Gr. 7°88. 

The iron of Campbell Co., Tennessee, also attracts moisture 
and exhibits regular crystalline figures. According to Willett$ 
an iron from Putnam Co., Georgia, was covered with a brown 
sealy crust, and freshly cut surfaces soon became moist with 
drops of a liquid supposed to be chlorid of iron. Structure be- 
came visible by etching. 

* This Journal, xvii, 329. + Ibid, vol. xvii, p. 327. 
t Ibid, xvii, p. 137. § Ibid, xvii, 331. 
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Being unable at present to give further attention to the in- 
vestigation of the internal structure and peculiarities of this 
meteorite, it has been transferred to Mr. Geo. F. Kunz, who 
will probably have it cut up for investigation and distribution. 

Mill Rock. New Haven, Oct. 1, 1885. 

Art. VI.—Tendril Movements in Cucurbita maxima and C. Pepo ; 
by D. P. PENHALLOW. With Plate V. 

In the summer of 1874, certain experiments were made with 
reference to the mechanical energy with which the organization 
of tissues is effected, as illustrated in the lifting power of the 
mammoth squash.* During the same and following years, as 
suggested not only by these experiments, but more particularly 
by Darwin’s paper on Climbing Plants in the Journal of the 
Linnean Society for 1865, I undertook to study the movements 
of the squash tendrils and terminal bud, and trace the relation 
of these phenomena to meteorological and other conditions of 
growth, in order to determine if possible, a rational solution of 
a question at that time not at all well understood, except in its 
more external aspects, as studied by Sachs, De Vries and Dar- 
win. At that time it was recognized that plants possess no 
nervous system, yet phenomena were continually observed 
which were wholly inexplicable upon any other ground than 
that the plant must possess something akin to nerves. At 
that time also, it was regarded as fully demonstrated that each 
protoplasmic mass of a cell is a unit within itself, its limita- 
tions being determined by the surrounding cell wall. 

The observations which I then made upon tendril movement 
have never been published, though the results were fully 
worked out five years since. Publication was withheld in the 
hopes that at no distant day, the correct solution of certain 
phenomena, which could not then be satisfactorily accounted 
for, might be reached. 

The very important discoveries of the past few years, touch- 
ing the continuity of protoplasm, served to give a clue which has 
been followed up during the past summer with the results 
that the true explanation of the tendril movement in Cucurbita 
and possibly also in the whole family Cucurbitacee, appears 
to have been reached from histological research, and we now 
feel justified in presenting the facts obtained, more especially 
as they will doubtless tend to enlarge an already rapidly 
widening field for observation. 

* Phenomena of Plant Life: Clark. 
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Darwin has shown in his several works, in a very careful and 
painstaking manner, how the movements of plants are produced 
or modified in certain organs by various mechanical influences, 
as well as by natural conditions to which plants are ordinarily 
subjected. He has also shown us what direction these move- 
ments take and the figures they describe, and to his first paper 
on Climbing Plants, in the Journal of the Linnean Society for 
1865, was due the suggestion that, if these movements are but 
normal manifestations of growth, dependent upon the perfect 
maintenance of the vital condition of the plant, they must 
necessarily be affected by whatever operates in any manner— 
whether to augment or diminish—the physiological changes 
in, and conditions of the plant as a whole; and, therefore, that 
they must afford a ready means of determining the effect of 
varying meteorological conditions upon growth, and those 
which are best adapted to its promotion. It was, therefore, 
with this idea in mind, that the experiments here recorded 
were undertaken. It was recognized as of prime importance 
that, to secure results which should be of the greatest value, the 
plants must be grown in the open air and under the varying 
conditions to which they would be naturally subjected. It was 
also thought desirable to select a plant of vigorous growth, in 
which movements were sufficiently pronounced and rapid to per- 
mit of frequent and accurate observation. The mammoth squash 
(Cucurbita maxima) was found to answer the requirements bet- 
ter than any other plant obtainable. With this, all the original 
experiments were obtained, but during the past summer, C. 
pepo was used for the purpose of confirmation and to gain in- 
formation upon one or two additional points of minor impor- 
tance. This was possible, since the structure of the tendrils 
and also their movements are the same in each case, so that 
our remarks may apply equally well to both species, and 
doubtless to a very large extent, to the entire family. 

Seeds of the mammoth squash were planted in a carefully 
prepared lot, sufficieotly removed from trees and buildings to 
prevent the plant being subject to any but the normal condi- 
tions of leht, air, temperature and moisture. As soon as 
the vines were long enough, they were carefully trained 
from west to east, their branches being allowed to run in what- 
ever direction they might choose. The tendrils, upon which 
observations were made, were in some cases selected as soon 
as they became straight and active, in other cases not until they 
had been moving for some hours or perhaps a day. The aim, 
however, was to record the movements for as many consecu- 
tive hours of night and day, during the entire period of growth, 
as possible. Through variation in movement of the tendrils 
and terminal bud, rate of growth in the vine and weight of the 



oo 

48 D. P. Penhallow—Tendril Movements in 

squash, a knowledge of the conditions favorable and adverse to 
growth was sought. To accomplish this satisfactorily, observa- 
tions were made through day and night for one week, at least 
once each hour, generally at much more frequent intervals, and 
every observation recorded was accompanied by record of local* 
temperature, humidity, cloud, condition of the plant, ete., ete. 

The method of recording the tendril movements was as fol- 
lows :— 
A board made two feet square, was provided with two pointed 

legs by means of which—thrusting them into the ground—it 
could be securely fixed in a vertical position. Upon the board 
there were fastened several sheets of heavy white paper, so ar- 
ranged that each could be removed in turn, without disturbing 
the position of the board, (fig. 1). The recording board thus 
prepared was then firmly fixed in a position at right angles to 
the horizontal tendril. To prevent any accidental movement 
of the latter from its proper position, a stake was driven by the 
side of the vine at the node from which the tendril arose, and 
the plant was then secured firmly to it. With the tip of the 
tendril only one-fourth of an inch from the surface of the paper, 
if was an easy matter to mark the position at any time with a 
pencil. The position was noted whenever, from the rate of 
movement and distance traveled, it was thought a change of 
direction was about to occur. In this way the observations 
were made at varying intervals, sometimes of one hour, some- 
times of only one-half a minute, and many, originally taken, 
were finally eliminated from the results whenever they fell in 
the same straight line. The time was always carefully noted, 
as also all conditions of atmosphere and of the plant which 
might have a possible bearing upon the movement. 

Tendrils. 

The tendrils of the squash are modified leaves, and are 
placed alternately opposite, an arrangement well adapted to 
bring the plant between secure but elastic supports on either 
side. They are composed of four or five long and slender fila- 
ments—wholly devoid of external appendages by means of 
which they can become attached to objects—borne upon a 
stout stalk or petiole of from 6 to 10° in length. The arms 
are of very unequal length. In vigorous vines the longest arm, 
which is the first to develop, often exceeds 30™ in length. 
The extreme lengths of vigorously moving tendrils may gener- 

*The temperatures were taken from a thermometer hung by the side of the 
plant, two feet above the ground. 
+ The exact morphological nature of the tendril in Cucurbitacee is still a matter 

of some donbt. It is variously regarded as a modified leaf, stipule or branch. 
Evidence favorable to each of these views may be adduced. 
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ally be taken at from 8™ when they first emerge from the bud 
condition, to 835™ when activity ceases. 

At first rolled up compactly as they come from the bud, 
with the coils turned inward, the arms gradually extend to 
their full length, and, within two days, activity begins in the 
central arm while those which are lateral may yet be loosely 
coiled. After motion once commences, the order of activity is 
from the center outward, until all are involved. In this we sec 
one of those curiously interesting provisions of nature for the 
accomplishment of her plans. Ifall the tendril arms were of 
the same length, or, more important, became equally active at 
the same time, the express purpose for which they were pro- 
vided, would fail of accomplishment in nine cases out of ten. 
As it ‘is, their activity extends over a considerable period, and 
the first one in motion may have grasped an object, or, failing, 
have become hard and inactive, long before the last gets fairly 
in motion. It is the function of the tendril to draw the vine to 
asecure and elastic support. By the succession of activity 
here exhibited, one arm after another is enabled to grasp the 
object of support and gradually draw the vine up to a secure 
position ; whereas, by a simultaneous activity of all, a few only 
might gain hold, or, if ail, only the last one or two would 
‘bear all the strain, and the vine would remain at a greater dis- 
tance from the point of support. 

Histology of the Tendrit. 

In its histological aspects, the tendril of the squash vine pre- 
sents a most interesting study, and throws much light upon 
the cause of the movement; indeed, it is to evidence of this 
character that we must chiefly look for a true solution of this 
question. We shall consider this part of our discussion under 
two heads: (a.) Structure and peculiarity of component tissues 
in their mutual relations, and (6.) Continuity of protoplasm. 

(a) Transverse sections of the tendril display the form and 
general structure which is shown in fig. 38. From this it will 
be seen that within the fundamental structure there are seven 
fibro-vascular bundles, the largest of which are along the lower 
side of the section and therefore traverse the lower region of 
the tendril arm through its entire length. A more detailed 
examination discloses several important facts. Directly be- 
neath the continuous epidermis of one row of cells, there isa 
somewhat thick layer of collenchyma tissue (fig. 8a), extend- 
ing completely round the tendril with the exception of three 
regions where its continuity is fully interrupted by paren- 
chyma tissue (fig. 80). These areas of interruption are found 
to occupy the same relative positions in all squash tendrils; 

Am. Jour. Scl.—Tuirp Series, VOL, XX XI, No. 181.—Jan., 1886. 
4 
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one lies in the concavity of the upper surface, while the other 
two occupy lateral positions, being situated at the extremities 
of the major axis of the section. “Within these areas (fig. 36, 
b’, b’’), the tissue is found to be composed of rather large and 
rounded, somewhat thin-walled, parenchyma cells (fig. 5) con- 
taining protoplasm and a large amount of chlorophyll, while 
there are also inter-cellular spaces and corresponding stomata 
in the epidermis. Externally this tissue may easily be seen 
to extend the entire length of the tendril, forming three darker 
green bands alternating with the more whitish green bands 
of collenchyma tissue. The color distinction between them 
is most obvious, both externally and in transverse section. 
Frem the very prominent part which this tissue takes in the 
ordinary circummutations of the tendril and the frequency 
with which pointed reference must be made to it, we have 
deemed a descriptive term essential. We have therefore 
given it the name of wibrogen, or as signifying , that the 
origin of the movement is to be found there. Immediately 
within the collenchyma layer is a zone of rather large and 
rounded parenchyma cells (¢, fig. 3) consisting of three or four 
rows, the innermost cells being smaller. This tissue connects 
the three vibrogen bands through their inner portions. The 
cells are filled with protoplasm, chlorophyll and other granular 
matter, though the chlorophyll is conspicuously less than in 
the three bands of vibrogen which it unites with. It is 
this layer of cells, however, which imparts the green color to 
the tendril as a whole, modified as it is by the external layer of 
collenchyma. Directly interior to this zone is a narrow belt, 
within which the fundamental tissue becomes meristomatic at 
a very early period, and ultimately—usnually very early in the 
erowth of the tendril—gives rise to numerous rather small and 
thin-walled wood cells (fig. 8 d, d’, d’”). In the earlier periods 
of growth, this wood tissue will be found forming a crescent. 
aldng the lower side of the transverse section, as at d, but later, 
toward the left of the tendril, it arises opposite the two masses 
of collenchyma tissue near the upper side da’, d’’, its interrup- 
tion or want of continuity coinciding exactly with the want of 
continuity in the collenchyma, or with the position of the 
vibrogen tissues. Ultimately, however, these breaks may 
close up, and the woody zone then becomes more or less con- 
tinuous around the entire tendril. So long as the tendril arm 
remains active, these wood cells are thin-walled (fig. 4 A), but 
as age advances and activity diminishes, the wood cells are 
found to become thicker and more resisting and finally assume 
the appearance of all highly lignified cells (fig. 4 B), thus ulti- 
mately defining the hard and woody nature so characteristic 
of these tendrils after they have been for some time coiled 
about a support. 
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Interior to the wood zone is the remaining portion of the 
fundamental tissue. In the outer portion of this, the vascular 
bundles already referred to arise, while the inner portion re- 
mains as a pith region and often shrinks away from the center, 
developing a lysigenetic air cavity, thus leaving the basal por- 
tion.,of the tendril arm like the petiole from which it arises, 
hollow. 

That these various tissues bear an important relation to the 
movement of the tendril and its power to grasp an object or 
coil up without contact, is most certain, and what these reia- 
tions are will be scen after we have considered the motions 
themselves. : 
We should also remark, in passing, that this structure is not 

peculiar to the tendril arm, since in all its essential features, 
1. e., collenchyma, vibrogen and woody tissue, the same struct- 
ure is to be observed in the petioles of both tendrils and normal 
leaves, with this difference, however, that in these latter, the 
vibrogen is found in more than three bands, and these are 
arranged at tolerably regular intervals about the circumference 
of the petiole. 5 

(6.) The recent developments concerning the continuity of 
protoplasm in vegetable tissues, at once served as a suggestion 
that in active tendrils this continuity should be found, if any- 
where, and that it must doubtless furnish an important clue 
to the proper explanation of many phenomena connected with 
movement of the tendril itself. 

Thin transverse sections of the tendril were treated upon a 
glass slide while yet quite fresh, with concentrated sulphuric 
acid for a period of two or three seconds, at the end of which 
time they were quickly immersed in water and thoroughly 
washed to remove all acid. Care must be taken not to allow 
the action of the acid to proceed too far, or both structure and 
protoplasm will be destroyed. If successful, the cell walls 
should be strongly swollen, but not broken. 

After washing in water, the sections were stained in picric 
aniline blue,* being allowed to lie in the stain for ten min- 
utes. At the end of this time they were thoroughly washed to 
remove all the picric acid, as is indicated by the failure to dis- 
charge any more yellow, and a change of color in the sections 
to a well-defined blue. The results are best when the alcohol 
washing succeeds in removing all the picric aniline from the 
cell walls, but leaves a maximum of aniline blue in the proto- 
plasm. At the end of this treatment the sections were mounted 
in 25 per cent glycerine for examination. 

* This is essentially the stain recommended by Gardiner (Phil. Trans., 1883, 
p- 817), and was prepared by saturating a 50 per cent solution of alcohol with 
picric acid. To this add BB blue uutil a dark greenish blue solution is produced. 
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For permanent preservation, the sections may be mounted 
directly in glycerine jelly, or they may be washed out in 
water, cleared up for a few seconds in concentrated carbolic 
acid* and then mounted in chloroform balsam. Hither method 
gives very satisfactory preparations, though the former is pre-’ 
ferable. 

The results obtained by this process are most satisfactory, 
particularly in the collenchyma tissue (fig. 6). There the walls 
become strongly swollen, and the protoplasmic connections are 
sharply defined as blue threads running through the colorless 
walls (fig. 7). Salt solution does not give so satisfactory re- 
sults, through its failure to properly swell the cell wall, which 
is essential, while on the other hand, the cellulose reaction 
developed in the collenchyma.under the action of chlor-iodide 
of zine, renders this process of little value in this particular 
case, as there is then too little distinction between the blue fila-' 
ments and the blue cellulose of the cell wall. 

It is thus clearly demonstrated that there is a distinct con- 
tinuity of protoplasm through the living tissues of the tendril, 
particularly in the collenchyma (fig. 7), and this must have 
an important bearing upon the transmission of impulses, e. g., 
those produced by irritation, from one portion to another. 

Externally, the form of the tendril arm is that of a long fila- 
ment, well-rounded on the lower side, but flattened and even 
slightly channeled above. The extremity, for a distance of half 
or three-quarters of an inch, takes a more perfectly rounded 
form and turns slightly downward, the concave side of the 
curve being that which is always the more sensitive. The lower 
surface, which is almost entirely free from epidermal hairs, is 
always the most sensitive to contact, curvature being readily 
produced by contact of the finger with it, though the same 
effect is not produced upon irritating the upper side. A curve 
in one direction as the result of irritation, is removed only 
after the lapse of some little time, when, by continued growth, 
the opposite sides become equal in length. The lower side is 
the one which, in the majority of cases, first comes in contact 
with an object of support, and in any case, it is finally the side 
toward which the bending most strongly tends. 

In one ease, a tendril irritated on the lower side by the finger, 
coiled upon itself completely in one minute. The cause of irri- 
tation removed, the tendril straightens out again, provided it is 
not already too far advanced in age, or the irritation is not too 
long continued. Slight pressure such as would be caused by 
small loops of thread, also often exert a definite influence. 

** Phenol used in this way gives most satisfactory results as a clearing reagent, 
and for a long time has with us, replaced turpentine entirely. Jour. Royal Mic. 
Soc., vol. iii, pp. 693 and 858. 

LS 
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Irritation on the upper side, near the tip, produces a curvature 
through the central region of the arm, with the concavity 
uppermost, showing in this, a distinct transmission of the im- 
pulse to somewhat remote parts. A sharp blow on the upper 
surface, as with a pencil, throws the arm into a series of long 
undulations. Whenever the irritation is quite local, the result- 
ing flexure is abrupt, but the curve becomes longer in propor- 
tion as the irritating body is moved over a greater length, thus 
showing that the impulses of this character are not readily 
transmitted. 

During the entire movement of the tendril, distinct torsions 
are developed, as may readily be seen by following one of the 
lines of vibrogen tissue. Oftentimes the torsion is developed 
to such a degree as to turn the tip fully one-half revolution, 
thus making it apparently bend upward instead of down- 
ward. This fact is one which has all the more significance 
from the statement of Sachs* that in Cucurbitacee ‘‘ no torsion 
takes place.” Repeated observations, however, have fully con- 
firmed its correctness. ‘That this torsion bears an important 
relation to the circumnutation cannot be doubted, and what its 
connection is, will be seen later. 

When in its circumnutating, the tendril arm comes in con- 
tact with an object, it immediately twines about it and grasps 
it firmly, the basal portion at length forming a double, reversed 
spiral, which draws more and more closely, and thus secures 
the plant more firmly to its support. It then rapidly becomes 
more and more hard and woody. Frequently the tendrils coil 
about themselves or other tendrils, or catching upon the edge of 
a leaf, they bend it under into close rolls, which increase in size 
as the coiling of the tendril progresses. Failing to secure an 
object of support, the tendril at length coils up in an irregular, 
knotted spiral, drops downward and either decays or gradually 
dries up and becomes hard and woody. 

The woody character, which the tendrils assume in the end, 
is by no means to be regarded as the result of contact or other 
mechanical influence, but it isa natural change which neces- 
sarily follows from the structural elements of the tendril, as 
will be seen later; therefore, this serves to supplement, and give 
additional force to, other changes relating more especially to 
the former. 

The figure described by the nutating tip is approximately 
ellipsoidal, the major axis being horizontal, (fig. 2). This axis 
not infrequently reaches a length of 24 to 27™; that of the 
minor axis being from 18 to 22™. In Echinocystis lobata, 
the diameter of the figure, according to Darwin, is even larger 
than this, measuring from 88 to 41™.+ While the tendril 

* Text Book, p. 866. + Climbing Piants, pp. 128-129. 
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describes a figure, the vertical plane of which is parallel with 
the axis of the plant, the space through which the tip moves is 
greatly augmented by a supplementary movement in the grow- 
ing end of the vine, on which the tendril is found. This see- 
ondary movement causes the tendril tip to describe a double 
movement which increases the possibility of contact with sur- 
rounding objects.* It is of short duration, however, since the 
movement of the vine is confined to the few internodes at the 
end, and at any one node, continues for about two days only, 
after the tendrils are in motion; so that by the time the first arm 
of the latter has grasped a support, the movement of the vine 
at that particular node may have ceased entirely. So long as 
there is no contact with a suitable support, which must be of a 
size easily grasped by the coils, the tendril continues to revolve 
until a gradual increase of woody tissue arrests its activity. 
Toward the close of its movements, the tendril often falls to 
the ground and remains there for some time, or commences to 
coil upon itself, only to straighten out once more and resume 
its nutations. This may happen several times at decreasing 
intervals as the tendril grows older, until finally, the whole 
arm coils upon itself in a simple spiral with the coils turning 
outward, becomes hard and woody and its functions then cease 
entirely.t 
When brought in contact with an object near the tip, the 

latter, at once affected by the irritation, coils about the support 
with a firm grasp. The effect of irritation does not imme- 
diately extend along the remainder of the tendril, as is shown 
by the fact that when the tip is brought into contact, the basal 
portion of the tendril continues its movement and passes by as 
a curve, the sensitive surface, thereby becoming convex instead 
of concave, as would occur if it felt the influence of contact. 
After a time, however, the effect of contact extends to all the 
cells of the basal portion, which then draws itself into a closer 
and closer spiral. When a tendril comes in contact with an 
object, it does not immediately lose its power of nutation, but 
retains it for a very considerable period, and this is largely de- 
pendent upon and influenced by the age of the organ, retention 
being longer in the young and vigorous than in the more aged. 
It becomes apparent, therefore, that when the tip is arrested, 

* The fact that there is this double motion as a resultant of tendril vine action, 
shows that the true figure is to be obtained only when the teudril revolves about 
the inner surface of a glass globe and the changes of direction are recorded from 
the outside. This, however, was not practicable in our case, nor was it essential 
to the accuracy of the conclusions to be obtained, as will be seen later. For our 
purpose, the plane recording surface was amply sufficient. 

+ My observations upon this point confirm those of Darwin with regard to other 
members of Cucurbitacee, that when a spiral is developed freely, it is always 
simple; that it only reverses when the tip is attached to a support. 
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the bands of growth still continue to act in the basal portion, 
and still tend to bow the tendril alternately in all directions. 
Their power to do so is necessarily modified by fixation of the 
tip, and the natural result would be for the base to pass by the 
support as a curve, with the sensitive side outermost, and then 
develop torsion, ‘hese changes we find to occur from the be- 
ginning. If the coiling were primarily due to irritation, then 
we should expect to find the coil first developed as the result 
of simple contraction on one side, and this would not immedi- 
ately give rise to torsion. ‘The spiral formed in one direction 
after a time reverses itself as a natural result of excessive 
torsion in one direction, as Darwin has already proved,* and 
there is thus completed a double spiral spring, which draws 
more and more closely, becomes hard and woody after a time, 
and holds the plant to a strong but elastic support. How use- 
ful this arrangement is, may be readily seen during a strong 
wind when, under its influence, the plant is forced this way 
and that, in danger of being torn and broken. The springs 
then yield just enough to relieve the strain and avoid the possi- 
bility of danger. It was frequently noticed that, while corn 
and other plants offering much resistance to strong winds, were 
torn badly, the squash always came out whole. 

During its active period, the tendril arm elongates rapidly, 
and the cessation of movement and of erowth in length are 
simultaneous. From a series of measurements made, the fol- 
lowing data were obtained. Anarm just uncoiled from the bud 
measured 12°" in length. One day later it had increased to 
14-8, and on the following day to 18:3, thus giving a total 
increase in length of 63°, or one-half its original length. 
August 8th, five tendrils but a short time in action, were care- 
fully measured and marked. The Monday following, 10th, all 
except one were found to have coiled about themselves or other 
objects. The coils were drawn out as fully as possible and 
measurements taken, but even then, the full length could not be 
obtained. The measurements were as follows: 

No. 1. No. 2. No. 3. No. 4. No. 5. 

PAMOUISt Stl. sy oo. a We ee 1274: ey 10°4 igs 
AMeustaNOthY: a2 222 24°5 190+ 25°0+ 205+ 33:0+ 

Grampge ees teed ies 1235 6°6 7:3 101 15°5 
Add for coils fio. 6 a 1:0 3°0 5:0 1-0 

otal joann alee 12° 6 10°3 15°1 16°5 

Thus we find the extreme range in elongation to be from 
one-half of to the same length as the tendril when it first 

* Climbing Plants, p. 163. 
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emerges from the bud condition, and the mean ratio of increase 
(to original length) would be as 1: 1:14, showing that the ten- 
dril practically doubles its length during the period of cireum- 
nutation. This, taken in connection with previous facts, has a 
striking significance. 

The movement of the arm is not the only motion to be ob- 
served in the tendril asa whole. It does not require a very 
critical inspection to show that the same torsion which is de- 
veloped in the arm, is also produced as conspicuously in the 
petiole from which it springs, and, as Miss G. HE. Cooley* has 
demonstrated, the torsion is associated with a well-defined cir- 
cumnutation of the petiole, independently of the movements of 
its arms.t ~By inserting a fine glass filament, with a blackened 
bead at its end, into the extremity of the petiole between the 
arms, she clearly showed that the resulting figure corresponds 
closely with that of an arm, when the two were in the same 
line of extension, but differed when the tendril arm turned off 
at right angles to its petiole. 

From structural considerations, we felt also justified in con- 
cluding that the leaf tip must perform a circumnutation similar 
to that of the tendril itself. This Miss Cooley also demon- 
strated to be a fact. By placing a board, similar to that used for 
taking the motion of the tendrils, against a leaf having a diam- 
eter of 12™ and a petiole 22° long, a figure of twenty-six 
changes of direction was obtained within the space of three 
hours. The movement was found to be much slower and the 
figure much smaller than in the ease of the tendrils. This, how- 
ever, would appear to be the case from theoretical considera- 
tions alone, when. we compare the structural features of the 
two and also take into account the great difference in diameter. 
The figure described by the nutating tip of the leaf was quite 
regularly ellipsoidal, though the curve was retraced before 
the ellipse was fully completed, thus showing another point 
of similarity to the movement of the tendril. The figure ob- 
tained was 8™ long by 5:5™ wide, and the movement of 
the leaf appeared to be through the two ends and one side 
of the ellipse. Whether this would hold true in all cases or 
not, could only be determined from a greater number of obser- 
vations. The important fact is demonstrated, however, that 
the leaves have a definite cireumnutation, and that this depends 
upon the same causes which determine the movement of other 
organs in the same plant. 

While experimenting with the tendrils, it was also deemed 
advisable to determine the movements of the growing extrem- 

* Assistant Professor of Botany, Wellesly College. The facts collected by her 
were obtained during a course of Physiological Botany under my direction. 
+ This is in harmony with the observations of Sachs. Text-book, p. 870. 
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ity of the vine itself, since it was noticed that, usually directed 
upward, the tip described a movement which had a marked 
vertical and somewhat conspicuous lateral range. The method 
of securing the record was the same as for the tendrils, though 
owing to the constant advance of the terminal bud, the record 
paper was placed about six inches in advance, and the point of 
contact was then obtained by means of a rightangled triangle. 

[To be continued. ] 

SCIENTIFIC INTELLIGENCE. 

I. CHEMISTRY AND PHYSICS. 

1. On a new Magnesium Carbonate.-—By the action of heat 
upon the double carbonate of magnesium and potassium, MeCO, . 
HKCO, . (H,0),, Enexn has produced a magnesium carbonate 
having exceptional properties. The heat should be raised gradu- 
ally so as not to exceed 200°. The mass does not melt, but loses 
water and carbon dioxide; the crystals retain their form and are 
still transparent. But on adding water the potassium carbonate 
dissolves, leaving the magnesium carbonate anhydrous and nearly 
pure. This carbonate is distinguished chiefly by the facility with 
which it is transformed into hydrate. Mixed with water it 
evolves heat and in the course of two hours forms the hydrate 
containing five molecules of water, if the temperature is below 
16° and three molecules if above 16°. It even attracts moisture 
from the air. Mixed with water to a magma, it solidifies so that 
the vessel may be inverted without its falling. It is much more 
soluble in water than the hydrated carbonates, the solution after 
a while depositing the hydrate in crystals, and the alkalinity of 
the liquid diminishing. The hydrates which it forms, however, 
lose easily their carbon dioxide under the influence of water and 
heat, like the ordinary hydrates.—C. F., ci, 814, Oct., 1885. 

Gir 
2. On chlorine monoxide. — GAaRZAROLLI-THURNLACKH and 

ScHACHERL have subjected chlorine monoxide to a more thorough 
investigation than appears to have been before attempted. The 
gas was prepared by passing a current of well dried chlorine over 
precipitated mercuric oxide, previously heated to 250° for several 
hours. The oxide was contained in a glass tube 1:2 meters long 
and 1°5 cm. in diameter, drawn out to a narrow delivery tube at 
one end and at the other closed by a paraffined rubber stopper, 
through which passed the tube for the entrance of the chlorine. 
The tube was placed in a tin trough surrounded withice. Witha 
moderately rapid current of chlorine, there was collected in the 
receiver (immersed in a freezing mixture of calcium chloride and 
ice) 15 to 20 c. ¢. liquid chlorine monoxide in three hours. The 
liquid was dark brown in color; its vapor yellowish-brown, its 
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solution in water a gold yellow. The gas was analyzed by de- 
composing a known volume by the electric spark and noting the 
increase of volume as well the quantity of chlorine and of oxygen 
set free. To lessen the force of the explosion, the gas was mixed 
with dry carbon dioxide. If the gas be pure and have the form- 
ula Cl,O, the chlorine set free should occupy the same volume as 
the monoxide and the oxygen half this volume. In one experi- 
ment 37°10 c. ec. expanded to 55°33 ¢.c.; or 2 volumes to 27982. 
The ratio of the chlorine to the oxygen was 37°12 to 18°54, or 2: 
0°999; and that of the oxygen to the expansion 18°54: 18°23, or 
1:0°984; thus confirming the formula Cl,O. Passed over calcium 
chloride, chlorine was evolved and calcium hypochlorite produced. 
The density of the monoxide was found to be in two determina- 
tions 3:0258 at 22°30° and 3:0072 at 10°6°; or 43°69 and 43°42, 
referred to hydrogen, theory requiring 43°35. Its boiling. point 
under a pressure of 737°9 mm. was found to be 5:0° to 5'1°.— Liebig’s 
Annalen, ecxxx, 278, Oct., 1885. G. F. B. 

3. On Lupanine, the alkaloid of Lupine-—HaceEn has discoy- 
ered in the seeds of Lupinus angustifolius a new liquid alkaloid 
which he calls lupanine, which has the composition C,,H,.N,O. 
It is a monacid tertiary base——Liebig’s Annalen, cexxx, 367, 
Oct., 1885. 5°) Gs aR Bs 

4. On the Relation between Molecular Structure and Light- 
absorption.—In 1882, HartLey explained the absorption bands 
of the spectra of various carbon compounds as due, the general 
absorption bands to the fundamental vibrations of the molecule, 
the selective absorption bands to vibrations- within the molecule. 
Since only those rays which are synchronous with the vibrations of 
a molecule are absorbed by it, the connection between these mole- 
cule-vibrations and the oscillation-frequencies of the absorbed 
rays is obvious. Since, however, it is not possible to associate 
any of the absorption bands of the aromatic hydrocarbons with 
any particular carbon atoms within the molecule; and since the 
vibrations of the molecule as a whole determine the rate of the 
vibrations which take place within it, it follows that the evidence 
thus given of the constitution of matter is inconsistent with the 
present hypothesis of the individual existence of the atoms within 
the molecule. In the present paper, the results of the examina- 
tion of the ultra violet absorption-spectra, obtained by photog- 
raphy, are given for certain aromatic hydrocarbons, tertiary bases 
and their salts, their addition products, primary and secondary 
aromatic bases and the three isoxylenes. The molecular weight 
of the substance in milligrams was dissolved in 20 ¢.c. of absolute 
alcohol or other suitable menstruum, so that a unit of volume of 
the liquid always contained the same number of molecules. The 
solutions so prepared were placed in cells varying in thickness 
from 25™™ to 1™™; and if in the latter, absorption bands were 
still visible the liquid was diluted five times and another series of 
photographs taken in cells from 5™™ in width downward. In the 
case of the bases, the spark-rays passed first through their solu- 

ie Mey 
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tion and then through the acid, placed behind it. The two 
liquids were then mixed, returned to the same cells and another 
photograph taken. The difference in the mode of vibration of 
the base, the acid and the salt is very striking, the amplitude of 
the vibrations within the molecule of the salt being much less 
than in that of the base. Using then the oscillation-frequencies 
(i. e., the reciprocals of the wave lengths), of the absorbed rays 
as abscissas and the proportional thicknesses of the weakest solu- 
tion, in millimeters, as ordinates, a curve may be drawn indicat- 
ing both the general and the selective absorption. From the 
results thus obtained the author draws the following deductions : 
(1.) When the condensation of the carbon and nitrogen in the 
molecule of a benzenoid compound or tertiary base is modified by 
the addition thereto of an atom of hydrogen to each atom of car- 
bon and nitrogen, the power of selective absorption is destroyed ; 
(2.) When the condensation of the carbon atoms in quinoline is 
modified by the combination therewith of four atoms of hydro- 
gen, the intensity of the selective absorption is reduced, but is 
not destroyed ; (3.) Molecules of compounds, that is to say, com- 
posed of dissimilar atoms, vibrate as wholes or units, and the 
fundamental vibrations give rise to secondary vibrations which 
stand in no visible relation to the chemical constituents of the 
molecule whether these be atoms or smaller molecules. Hence 
it appears that a molecule is a distinct and individual particle 
which cannot be represented by our usual chemical formulas, 
since these only symbolize certain chemical reactions and fail to 
express any relation between physical and chemical properties.— 
J. Chem. Soc., x|vii, 685, Oct., 1885. Gu Fae 

5. On the Variation of Refractive Indices with Temperature. 
—DvFet has continued his researches on the change produced by 
temperature in the refractive index of solid and liquid bodies, and 
has now published the results obtained with water, fluorite, beryl, 
carbon-disulphide, monobrom-naphthalene, turpentine and alco- 
hol. The mean index of water was first determined by the usual 
method, a large prism of 90° being used and a Gambey theodolite 
reading to 5”. ‘The value obtained, for the line D and at a tem- 
perature of 20°, was 1:33292. The index was then determined 
for thirteen other lines of the spectrum at the same temperature. 
The variation of the index was determined for the line D only. 
Two methods were employed, in each of which two series of 
experiments were made. In the first or prism method, hollow 
prisms of 90° and of 45° were used in the two series. The 
former was adjusted to minimum deviation for parallel rays and 
the deviation noted. The cold water contained in it being re- 
placed by hot, successive readings of the theodolite and ther- 
mometer gave the deviation and the corresponding temperature. 
The 45° prism received the incident light normally on one of its 
faces; otherwise it was similarly used. In the second method, 
Talbot’s bands were observed, using a transparent plate with 
parallel faces immersed in water. From the displacement of 
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these bands as the temperature changes, the derivative of the 
difference of the indices of the plate and the liquid with respect 
to the temperature may be deduced. In the first series of experi- 
ments a quartz plate, in the second a crown glass plate, was used. 
The results of the four sets of measurements are given in a table, 
the temperatures varying from 9° to 50°. With these are collated 
the values previously observed by others. These results of obser- 
vation agree well with those given by a curve of the third degree 
calculated by the method of Cauchy, the equation of which is 

= = — 107 (125-46 + 41°285¢ — 0-01304¢? — 0:00460¢*). Inte- 

grating this expression, we have n = 7, — 107" (125°5¢ + 20°6427° 
—(00435¢° — 0°00115¢*) by which the index may be calculated 
for any temperature. ‘This equation gives 1°33397 as the value 
of the refractive index at 0° and 1°32896 at 50°. Plates of fluorite 
and beryl immersed. in water, at temperatures varying from 17° 
to 37°, gave for the mean value of the derivative — 00000134, 
whence 2 = 2, — 0°0000134¢, in the case of fluorite; and in the 

case of beryl, = = 107" (189-4 — 10°34¢ + 0°2735¢*) for the ordi- 

ad f 

nary and —, = 107 (180-3 — 10°814¢ + 0'2785¢+) for the extra- 
i 

ordinary index. .The rate of variation of the indices of carbon- 
disulphide, monobrom-naphthalene, turpentine and alcohol were 

determined by means of Talbot’s bands. The first gave die 
a dt 

= — 0:0006320 — 0°00000870¢; the second a = — 0:00045748 

a SiGe 
(group 1), — 0°00046404 (group 2); the third 7 = — 0:0005113; 

dn 
and the fourth _- = — 0:0004179. In the case of the last three, 

dt 
it will be observed that the variation of the index is proportional 
to the temperature.—J. Phys., I, iv, 389, Sept., 1885.  G. F. B. 

6. On a Spectroscopic Optometer.—Vhe difficulty of determin- 
ing rigorously, by means of the existing optometers, the distance 
of distinct vision in abnormal eyes, has led ZeENcGER to the con- 
struction of a spectroscopic optometer. Since with the ordinary 
instruments, the recognition with any precision, of the exact posi- 
tion of the tube at which the slit ceases to appear double, is well 
nigh impossible, the author first sought to determine the accuracy 
of the observation by using a lens made of Iceland spar, cut per- 
pendicularly to the optic axis. With this lens the two positions 
were observed in which the slit appeared single; corresponding 
to the ordinary and extraordinary foci respectively. From the 
data thus obtained calculation gives two values of the distance of 
distinct vision; by the amount of disagreement of which, the 
error of the method can be ascertained. In this way it was shown 
that errors of one or two centimeters even, may be committed 
in measuring the eyes of aged persons. While using this appara- 

Peete 
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tus, Zenger was struck with the great increase in accuracy ob- 
tained by illuminating the slit with monochromatic light; and 
this led to the employment of a direct-vision pocket spectroscope, 
the collimating lens of which was removed and the slit replaced 
by a silvered cylindrical mirror, 16mm. in diameter. The whole 
was mounted upon a board, the mirror sliding in a groove so that 
its distance from the spectroscope could be readily adjusted. 
The edge of this groove was divided into millimeters. Standing 
with one’s back to a window and looking through the spectroscope 
at the narrow line of light reflected from the mirror, a brilliant 
spectrum is seen, the Fraunhofer lines appearing at the eye end 
of the instrument. But in order that the different lines should be 
in focus, it-is necessary to adjust for each by moving the mirror 
to or from the prism, the distance of a single millimeter causing 
these lines to appear or disappear. Hence the distance of distinct 
vision, for normal eyes and for a given line may be readily deter- 
mined ; these distances showing a difference of one to one and a half 
centimeters in passing from the lines D or E to the lines F or G. 
For abnormal eyes, the finer lines may be used and the degree of 
sensitiveness for different colors determined with great sharpness, 
agreeing to within a millimeter. In practice the method is found 
satisfactory.— C. F., ci, 1003, Nov. 1885. G. F. B. 

7. On Magnetization by the Electric Discharge-—Many years 
ago Savary showed that when a steel needle was magnetized by 
means of an electric discharge in its vicinity, the amount of the 
effect produced was variable and the direction not uniform. 
CLavVERIE has confirmed these results and has given a satisfac- 
tory explanation of them. His experiments were made with a 
battery of 12 jars each of the capacity of 0°01 microfarad, 
charged to a potential determined by the length of spark as 
measured with a micrometer. The needles, previously hardened, 
were placed in a magnetizing spiral 300 mm. long and 13 mm. in 
diameter, made of a copper wire 0°5 mm. in diameter, the turns 
being 1° of a millimeter apart. In this spiral, the magnetic field 
produced by a unit current was practically uniform for a needle 
15 mm. long, varying only irom 97 X1:998 in the center, to 
9”z%X1:9975 at a distance of 5 centimeters in either direction. 
The author finds that such a needle 0°5 mm. diameter, magnetized 
in this spiral by an electric discharge whose striking distance is 
10 mm., develops on immersion in hydrochloric acid, alternate 
polarities as the layers are successively dissolved. On examining 
the needle at intervals of ten minutes its magnetic moment, in 
arbitrary units, was found to vary as follows: +20°5, +14°5, 
Eee 15 18-5,)-- 18, \ 19-50 16s, 1s ng. oe 
3 es ees 1075, + 19) iies) 4 ewe au Geb. 
+6, +3, +2, +1, —0°5, —05, +0.5. The plus sign here in- 
dicates polarity according to Ampére’s law. Now, Feddersen 
has shown that the discharge of a condenser, through a circuit of 
low resistance, consists of oscillations between the armatures, 
with a gradually decreasing intensity; and that as the external 
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resistance is progressively increased by the insertion of a column 
of liquid, a point is reached where the discharge becomes con- 
tinuous. Interposing in the circuit above described a column of 
copper sulphate solution 112 mm. long and 3 mm, in diameter, 
and magnetizing a needle by a discharge of 8 mm. tension, which 
sufficed to magnetize it to its center, the author finds that now 
the direction of polarity conforms to the law of Ampére, and is 
the same at different depths. Stronger discharges, under tensions 
of 10 or 12 mm., give the same magnetic moment. Weaker ones 
magnetize the needle to a less depth. Since now the depth of 
the magnetization is a function of the quantity of electricity dis- 
charged, it is evident that two discharges in opposite directions, 
of which the second is the stronger, should leave the needle in 
the same condition as if it alone had acted. But if the second is 
so feeble as not to magnetize the needle to the center, it will pre- 
duce a shell of polarity opposite to that induced by the first dis- 
charge. So that when the needle is acted on by hydrochloric 
acid, the magnetism produced by the second discharge would be 
found in the superficial layers, while that of the first would be 
observed at a greater depth. This result experiment confirms. 
A needle magnetized by an oscillatory discharge alternating in 
direction and decreasing in intensity, the first of which magne- 
tizes it to the axis, will be found to develop successively on 
immersion in hydrochloric acid, the different polarities due to the 
different discharges. The resulting polarity of a needle mag- 
netized in this way is of course uncertain, depending upon the 
direction and intensity of the discharge, and especially of the 
latter portions which magnetize the superficial layers.—C. £&., 
ci, 947, Nov., 1885. Gane: 

8. Astronomical Papers prepared for the use of the American 
Ephemeris and Nautical Almanac. Vol. Il, parts 3 and 4. Velo- 
city of Light in Air and Refracting Media. Washington, 1885.— 
Professor Newcoms obtains as the final result of his experiments 
at Washington 299,86V-+-30 kilometers per second for the velocity 
of light in vacuo. Professor MicuErson’s entirely independent 
experiments at Cleveland give substantially the same result 
(299,8534-60). His former experiments at the Naval Academy, 
after correction of two small errors which he now reports, give 
299,910+-50. All these experiments were made with the revolv- 
ing mirror, but the arrangements of the two experimenters were 
in other respects radically different. The first of these values of 
the velocity of light with Nyrén’s value of the constant of aberra- 
tion (207:492) gives 149-60 for the distance of the sun in millions 
of kilometers. On account of the recent announcement by Messrs. 
Young and Forbes of a difference of about two per cent in the 
velocities of red and blue light, especial attention was paid to this 
point by both experimenters, without finding the least indication 
of any difference. In Professor Newcomb’s experiments, a dif- 
ference of only one thousandth in these velocities would have pro- 
duced a well-marked iridescence on the edges of the return image 

¥ mst 
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of the slit formed by reflection from the revolving mirror. No 
trace of such iridescence could ever be seen. Professor Michelson 
made an experiment, in which a red glass covered one-half the 
slit. ‘The two halves of the image—the upper white, the lower 
red—were exactly in line. 

Since Maxwell’s electromagnetic theory of light makes the 
velocity of light in air equal to the ratio of the electromagnetic 
and electrostatic units of electricity, it will be interesting to com- 
pare some recent determinations of this ratio. These we give in 
the following table. Since the determinations are affected by any 
error in the standard of resistance, we have corrected the results, 
first, on the supposition that the B.A. ohm=-987 true ohms (Lord 
Rayleigh’s result), and secondly, on the supposition that the B.A. 
ohm="989 true ohms, which is essentially assuming that the legal 
ohm represents the true value. 

Ratio of Electromagnetic and Electrostatic units of Electricity in millions of meters 
and seconds. 

Date. As published. B.A. ohm=987. B.A. ohm="989. 

Ayrton & Perry,* 1878 298-0 29671 296°4 
Hockin, +} 1879 2988 296:9 297-2 
Shida, t 1880 299°5 295°6 296°2 
Exner,§ 1882 30171 (?) 291°7 (2) 292°3 (?) 
J. J. Thomson,|| 1883 296°3 296°3 2969 
Klemencie, J 1884 301°88 (?) 301-88 (?) 302°48 (?) 

These numbers are to be compared with the velocity of light in 
air, in millions of meters per second, for which Professor Newcomb 
gives 299-778. Of the electrical determinations, that of J. J. 
Thomson appears by far the most worthy of confidence. That of 
Klemencic—the only one as great as the velocity of light—was 
obtained by the use of a condenser with glass,—a method which 
would presumably give too great a ratio. Exner’s value is ob- 
tained from the mean of three determinations, one of which dif- 
fered from the others by about three per cent. If we reject this 
discordant determination, the mean of the other two would give 
when corrected for resistance 294'4 and 295:0. If we set aside 
the determinations of Exner and Klemencic, the remaining four, 
which represent three different methods, are very accordant, the 
mean being nearly identical with the result of J. J. Thomson, 
and about one per cent less than the velocity of light. 

Professor Michelson’s experiments on the velocity of light in 
carbon disulphide afford an interesting illustration of the differ- 
ence between the velocity of waves and the velocity of groups 
of waves—a subject which is treated at length in an appendix to 
the second volume of Lord Rayleigh’s Theory of Sound. If we 
write V for the velocity of waves, U for that of a group of waves, 
L for the wave-length, and T for the period of vibration, 

Vie Ee We a (Tay) 

1 d(L-1) 
* Phil. Mag., 5, vii, p. 277. + Report Brit. Assoc., 1879, p. 285. 
¢ Phil. Mag., 5, x, p. 431. § Sitzungsberichte Wien. Acad., Ixxxvi, p. 106. 
|| Phil. Trans., clxxiv, p. 707. [ Sitzungsberichte Wien. Acad., Ixxxix, p. 298. 
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For purposes of numerical calculation, it will be convenient to 
transform these formule by the use of A for the wave-length in 
vacuo, n for the index of refraction of the medium considered, 
and & for the velocity of light 7 vacuo, which we shall regard as 
constant, in accordance with general usage. By substitution of 
these letters we easily obtain 

Boh kK d(nd-?) 

Wear? Una 1) 
The data for the calculation of these quantities for carbon disul- 
phide are given by Verdet (Annales de Chimie et de Physique, 
3, lxix, p. 470). They give 

for the line D, &/ V= 1,624, £/U= 1,722, 
for the line HE, &/ V= 1,637, k/U= 1,767. 

The quotient of the velocity im vacuo divided by the velocity 
in carbon disulphide, according to Professor Michelson’s experi- 
ments with the light of an arc lamp, is 1°76-+:02, which agrees 
very well with &/U. Another theory, which would make the 
velocity observed in such experiments V*/U (Nature, xxv, p. 52), 
receives no countenance from these experiments. The value of 
kU /V* would be about 1°53. Some may think that the experi- 
ments on water point in a different direction. Taking our data 
from Beer’s Hinleitung in die hihere Optik, 1853, p. 411, we get 

for D) 4 Vi= 15334," £7 W= 1,352, 4 W/ Ves siee 

for Hs (kh / Vi== "19336, 0 hi 15359, e/a lease 

The number obtained by experiment was 1,330, which agrees 
better with £/V, or even with k-U/V’, than with 4&/U, but the 
differences are here too small to have much significance. 

Jo WeuGe 
9. Theoretische Optik, gegriindet auf das Bessel-Sellmeier’- 

sche Princip, zugleich mit den experimentellen Belegen. Von 
Dr. E. Kerreer, Professor an der Universitit in Bonn. 8°, pp. 
652. Braunschweig, 1885. Viewig und Sohn.—The principle of 
Sellmeier, here referred to, relates to vibrations of ponderable par- 
ticles excited by the etherial vibrations of light, and to the reac- 
tion of the former upon the latter. The name of Bessel is added 
on account of his previous solution of a somewhat analogous prob- 
lem relating to the pendulum. The object of this work is “‘to 
treat theoretical optics in a complete and uniform manner on the 
new foundation of the simultaneous vibration of etherial and pon- 
derable particles, and to substitute a consistent and systematic ~ 
new structure for the present conglomerate of more or less dis- 
connected principles.” Such a work demands a critical examina- 
tion, which should not be undertaken from any narrow point of 
view. Any faults of detail will be readily forgiven, if the author 
shall give the theory of optics the zo0v ot@ which it has sought 
so long in vain. We may add that if this effort shall not be 
judged successful by the scientific world, the author will at least 
have the satisfaction of being associated in his failure with many 
of the most distinguished names in mathematical physics. 
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We have sought to test the proposed theory with respect to 
that law of optics which seems most conspicuous in its definite 
mathematical form, and in the rigor of the experimental verifica- 
tions to which it has been subjected, as well as in the magnificent 
developments to which it has given rise: the law of double refrac- 
tion due to Huyghens and Fresnel, and geometrically illustrated 
by the wave surface of the latter. We cannot find that the law 
of Fresnel is proved at all in this treatise. We find on the con- 
trary, that a law is deduced which is different from Fresnel’s, and 
inconsistent with it. We do not refer to anything relating to the 
direction of vibration of the rays in a crystal, which is a point 
not touched by the experimental verifications to which we have 
alluded. We shall confine our comparison to those equations 
from which the direction of vibration has been eliminated, and 
which therefore represent relations subject to experimental con- 
trol. For this purpose equation (13) on page 299 is suitable. It 
reads 

ue v w 

n—n* 1 en) ene u 

Ney 2, n, being the principal indices of refraction. This the au- 
thor calls the equation of the wave-surface or surface of ray- 
velocities. It has the form of the equation of Fresnel’s wave-sur- 
face, expressed in terms of the direction-cosines and reciprocal of 
the radius vector, and if w, v, w are the direction-cosines of the 
ray, and n the velocity of light in vacuo divided by the so-called. 
ray-velocity in the crystal, the equation will express Fresnel’s law. 
But it is impossible to give these meanings to w, v, wand n. 
They are introduced into the discussion in the expression for the 
vibrations (p. 295), viz: 

t n(ux+ vy + we) 
== 15 2 = . p = A cos 27 (5 + ) 

The form of this equation shows that w, v, w are proportional 
to the direction-cosines of the wave-normal, and asthe relation 
u+tv'+w'=1 is afterwards used, they must be the direction- 
cosines of the wave-normal. They cannot possibly denote the direc- 
tion-cosines of the ray, except in the particular case in which the 
ray and wave-normal coincide. Again, from the form of this 
equation, A/n must be the wave-length in the crystal, and if A here 
as elsewhere in the book (see p. 25) denotes the wave-length in 
vacuo of light of the period considered, which we doubt not is the 
intention of the author, n must be the wave-length im vacuo di- 
vided by the wave-length in the crystal, i..e., the velocity of light 
im vacuo divided by the wave-velocity in the crystal. With these 
definitions of vu, v, w, and n, equation (13) expresses a law 
which is different from Fresnel’s. Applied to the simple case of 
a uniaxial crystal, it makes the relation between the wave-veloci- 
ty of the extraordinary ray and the angle of the wave-normal 

Am. Jour. Sc1.—Tuirp SERIES, Vou. XXXI, No. 181, JAn., 1886. 
5 
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with the principal axis the same as that of the radius vector and 
the angle in an ellipse. The law of Huyghens and Fresnel makes 
the reciprocal of the wave-velocity stand in this relation. 

The law which our author has deduced has come up again and 
again in the history of theoretical optics. Professor Stokes (Re- 
port of the British Assoc., 1862, Part I, p. 269) and Lord Ray- 
leigh (Phil. Mag., IV, xli, p. 525) have both raised the question, 
whether Huyghens and Fresnel might not have been wrong,.and 
it might not be the wave-velocity and not its reciprocal which is 
represented by the radius vector in an ellipse. The difference is 
not very great, for if we lay off on the radii vectores of an ellipse 
distances inversely proportional to their lengths, the resultant 
figure will have an oval form approaching that of an ellipse 
when the eccentricity of the original ellipse is small. Rankine 
appears to have thought that the difference might be neglected 
(see Phil. Mag., IV, i, pp. 444, 445), at least he claims that his 
theory leads to Fresnel’s law, while really it would give the same 
law which our author has found. (Concerning Rankine’s “ splen- 
did failure,” and the whole history of the subject, see Sir Wm. 
Thomson’s Lectures on Molecular Dynamics at the Johns Hop- 
kins University, Chap. xx.) Professor Stokes undertook experi- 
ments to decide the question. His result, corroborated by Glaze- 
brook, (P. R. S., xx, p. 443; Phil. Trans., clxxi, p. 421,) was that 
Huyghens and Fresnel were right and that the other law was 
wrong. 

To return to our author, we have no doubt from the context 
that he regards wu, v,w, and 2 as relating to the ray and not to the 
wave-normal. We suppose that that is the meaning of his re- 
mark that the expression for the vibrations (quoted above) is to 
be referred to the direction of the ray. It seems rather hard not 
to allow a writer the privilege of defining his own terms. Yet 
the reader will admit that when the vibrations have been expressed 
in the above form an inexorable necessity fixes the significance of 
the direction determined by w, v, w, and leaves nothing in that 
respect to the choice of the author. 

The historical sketches of the development of ideas in the theory 
of optics, enriched by very numerous references, will be useful to 
the student. An exception, however, must be made with respect 
to the statements concerning the electro-magnetic theory of light. 
We are told (p. 450) that the English theory founded by Maxwell 
and represented by Glazebrook and Fitzgerald, makes the plane of 
polarization coincide with the plane of vibration, while Lorentz, 
on the basis of Helmholtz’s equations comes to the conclusion that 
these planes are at right angles. Since all these writers make the 
electrical displacement perpendicular to the plane of polarization, 
we can only attribute this statement to some confusion between the 
electrical displacement and the magnetic force or ‘displacement ” 
at right angles to it. We are also told that Glazebrook’s ‘sur- 
face-conditions’ which determine the intensity of reflected and 
refracted light are different from those of Lorentz,—a singular 
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error in view of the fact that Mr. Glazebrook (Proc. Cambr. Phil. 
Soc., iv, p. 166) expressly states that his results are the same as 
those of Lorentz, Fitzgerald, and J. J. Thomson. We have spent 
much fruitless labor in trying to discover where and how the ex- 
pressions were obtained which are attributed to Glazebrook, but 
in which the notation has been altered. They ought to come 
from Glazebrook’s equations (24)—(27) (doc. cit.), but these appear 
identical with Lorentz’s equations (58)—(61) (Zeitschrift f. Math. 
u. Phys., xxii, p. 27). They might be obtained by interchanging 
the expressions for vibrations in the plane of incidence and at 
right angles to it, with two changes of sign. 

The reader must be especially cautioned concerning the state- 
ments and implications of what has not been done in the electro- 
magnetic theory. These are such as to suggest the question 
whether the author has taken the trouble to read the titles of the 
papers which have been published. We refer especially to what 
is said on pages 248, 249 concerning absorption, dispersion, and 
the magnetic rotation of the plane of polarization. 

In the Experimental Part, with which the treatise closes, we 
have a comparison of formule with the results of experiments 
by the author and others. The author has been particularly suc- 
cessful in the formula for dispersion. In the case of quartz (p. - 
545), the formula (with four constants) represents the results of 
experiment in a manner entirely satisfactory through the entire 
range of wave-length from 2714 to 0:214. Those who may not 
agree with the author’s theoretical views will nevertheless be glad 
to see the results of experiment brought together, and, so far as 
may be, represented by formule. J. W. G. 

10. The magnetic and electrical properties of the iron carburets, 
by C. Barus and V. Srrovwat. Bull. 14, U. 8. Geological Sur- 
vey, Washington, 1885.—The authors give in complete form the 
results of about five years of research on the properties of the 
iron-carburets. Proposing to investigate the relation between 
intensity of magnetism, hardness, figure and carburation of steel, 
they find during the course of the investigation that the end in 
view must remain unattainable as long as the physics of the ope- 
ration of tempering have not been rigidly discussed. The results 
of these auxiliary experiments are contained in the first three 
chapters of the book. The general deduction is this, that if one 

_ and the same steel rod pass from an initial hard to a final soft state, 
any intermediate degree of hardness can be defined with extreme 
accuracy, by using as a means of discrimination either the ther- 
mo-electric power or the electrical resistance of the rod. Chap- 
ter I, therefore, treats of the relation between temperature and 
resistance in case of any given carburet and leads to chapter IT, 
in which the electrical behavior of tempered steel is minutely an- 
alyzed. 'This chapter is fundamental. Such facts as essentially 
sustain the argument underlying the whole of the subsequent 
work, are therefore emphasized by many experimental data. The 
annealing effect of any temperature acting on glass-hard steel is 
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found to increase, gradually at a rate diminishing continuously 
through infinite time—diminishing very slowly in case of low 
temper atures (<(100°), very rapidly at first and then again slowly 
in case of high temperature (> 200°); so that the highest and 
hardest of the inferior states of hardness possible at any temper- 
ature is approached asymptotically. The observed law that 
thermo-electric power and specific resistance are linear functions of 
each other, suggests the introduction of the new variable thermo- 
electric hardness, which is used as the measure of hardness 
throughout the work. In chapter III, finally, the attempt is 
made to throw new light on the laws set forth in chapter II, by 
following them into their ulterior consequences. With the aid of 
certain allied electrical properties observed in alloys of silver and 
in malleabie cast iron, the nature of the phenomenon of hardness 
as presented by steel is discussed from every physical and chem- 
ical point of view, within the scope of the memoir. 

With these results in hand the authors commence the study of 
the subject proper of the research, the magnetic behavior of tem- 
pered steel. An introductory chapter, IV, determines the value 
and relations of the thermo-electric effect of magnetization. Chap- 
ter V then exhibits with some detail, the effect. of hardness on 

_the maximum of magnetization which ‘thin cylindrical steel rods 
of different dimensions permanently retain. The method for the 
accurate definition of hardness and the scheme of operations for 
tempering developed in chapter II, are here rigidly adhered to; 
the magnetic results reached are therefore sharp and consistent. 
Chapter VI investigates the bearing of temper on the condition of 
magnetic stability of steel. Whenever great retentiveness, both 
as regards the hurtful effects of temperature and time and shocks 
is to be conveniently attained with the least sacrifice of magneti- 
zation, magnets should be treated thus: 

1. Having tempered the steel rod uniformly, expose it for a’ 
long time (20 to 50 hours) to the annealing effect of steam. The 
operation may be interrupted as often as desirable. The magnet 
will then exhibit the maximum of permanent hardness for 100°. 

2. Magnetize the rod and again expose it for some time (5 to 
10 hours) to the annealing effect of steam. The operation may 
be often interrupted. The magnet will then exhibit both the 
maximum of permanent magnetization as well as the maximum 
of permanent hardness for 100°. It will show exceptional reten- 
tiveness at ordinary temperature. 

Finally in‘chapter VII, the authors endeavour to generalize 
on the foregoing results as a whole; to re-state the principal facts 
with oreater accuracy and breadth of scope than was possible in 
the earlier chapters, to deduce from all a method for the physical 
definition of iron-carburets. They find, in particular, that the dif- 
ference between the logarithms of the extreme values of thermo- 
electric hardness for the same carburation, passes through a 
pronounced maximum, defining a carbide the mechanical proper- 
ties of which are those of a type steel. 
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11. Joseph Henry and the Magnetic Telegraph: An address deliv- 
ered at Princeton College, June 16, 1885, by Epwarp N. DickEr- 
son, LL.D. 66 pp. 8vo. New York, 1885. (C. Scribner’s Sons.)— 
A just tribute to the late Professor Henry, reviewing his scientific 
labors and discoveries, and giving them their right place in the 
progress of physical science. The historian of the world’s 
science should consult it for the review of the facts which it 
presents. 

12. “The Force Function in Crystals 7’ by ALFRED EINHORN, 
Ph.D. Communicated to the Royal Society, Nov. 27, 1884. 
(Proceedings of the Royal Society, vol. xxxviii, No. 235.)—The 
first part ot the paper, which appears at present, restricts itself to 
the consideration of the Tesseral, Tetragonal and Rhombic sys- 
tems. By means of a well founded assumption in regard to the 
stress distribution in crystals of the above systems, the equilib- 
rium conditions are deduced which further involve that the 
boundary of the configuration must either be plane or spherical. 
It also appears that the statical conditions of the agency which 
causes crystallization are the same as those so well investigated 
for gravitation and electricity. 

The paper is divided into three chapters. The first chapter 
treats of the “ Foundation of the Assumption.” The assumption 
is, that the stress upon'any particle can only be transmitted in 
six directions-lines, respectively at right angles in pairs to the 
three crystallographic axes—it is a consequence of the internal 
structure which is shown to be analogous to that of an ordinary 
cannon-ball pile by means of the cleavage properties, the external 
form and inertia relations of crystals. 

The second chapter, ‘ Derivation of the Force Function,” ap- 
plies the three general differential equilibrium equations of an 
elastic solid subject to internal forces to the stated stress distri- 
bution. In order to effect this it was necessary to deduce some 
peculiarities of the force function in a system of uniform density 
in equilibrium and subject to internal forces when referred to the 
three principal axes of inertia through the mass center. The 
character of the attracting agency here becomes evident. 

The third heading is “‘ Determination of the Boundary.” Under 
this heading the nature of the boundary is determined and is 
shown to be either plane or spherical. And by the application of 
Green’s theorem it also becomes clear that inasmuch as the stati- 
cal conditions of the crystallizing agent are now understood; the 
force functions derived in the preceding chapter can be inde- 
pendently deduced without aid of the assumption from any one 
of the primitive forms of the systems under consideration. 0. N. R. 

If. GroLogy AnD MINERALOGY. 

1. The Missouri Coteau and its Moraines.—Professor J. E. 
Topp gives an account, inthe Proc. Amer. Assoc., xxxiii, 381, 1884, 
of the features and drift deposits of the Coteau and illustrates | 
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the subject with a map. The eastern margin is near the contour- 
line of 1500 feet. He mentions as one singular fact bearing on 
the Quaternary history: that the Missouri River flows for 500 
to 600 miles from north to south along the western side of the 
region of drift, while only 40 to 70 miles east, with nothing but 
clay, sand and gravel between, there is parallel to it, the small 
James River, 200 to 250 feet lower in level, and occupying the 
bottom of a valley 25 to 60 miles wide, while that of the Missouri 
above Yankton is comparatively insignificant. He concludes that 
the deposition of the drift determined this westward confinement 
of the greater river; for evidence is afforded that the Missouri 
has recently run 300 to 400 feet above its present level. 

The Coteau is made mostly of clays of the “St. Pierre” (Cre- 
taceous) group—nearly horizontally bedded, capped with the 
“ Fox Hills” sandstone to the northward and the “ Lone River” 
sandstone to the southward. Its western side is intersected by 
channels of erosion in “ bad-land” style; its eastern once had 
such channels, but they are now occupied largely with drift — 
brought from the northeastward, making a region of morainic 
hills and basins. There are two prominent lines of moraines, con- 
sisting of loops convex to the westward, determined in outline 
probably by the configuration of the surface. ‘The outer or west- 
ern iS most pronounced; it is crossed by the Pacific railroad 
diagonally a little west of Sterling about 20 miles east of Bis- 
marck, and has indications of four great lobes in the ice. The 
limit of the drift is marked on the map as following a line 10 to 
30 miles west of the Missouri. The inner or eastern moraine 
crosses the railroad a little west of Crystal Springs. 

2. Geological Survey of Pennsylvania, J. P. Lustuy, State 
Geologist.—The publication of the Grand Atlas of the Survey 
of Pennsylvania has been carried forward by the recent issue of 
three more parts in the same thorough and beautiful style char- 
acterizing the two parts previously published. These include 
Part II of Division II, On the Anthracite Coal Fields, by Charles 
A. Ashburner, contain 22 sheets (the size, as in the others, 26 x 32 
inches) relating to’portions of the Northern and Hastern Middle 
Anthracite Fields in Luzerne County; Part I of Division V, 
illustrating the geology and topography of Central and South- 
eastern Pennsylvania, and including 35 sheets, 29 of them relat- 
ing to the Paleozoic formations, five containing a map and geo- 
logical cross-sections along the east bank of the Susquehanna 
River, Lancaster Co., and one containing cross-sections of the 
Philadelphia belt of Azoic Rocks ; and Part I of Division IV, . 
illustrating the topography, by contour lines, on 43 sheets, of the 
South Mountain and Great Valley, 30 of the sheets pertaining to 
the Durham and Reading Hills and bordering valleys in North- 
ampton, Lehigh, Bucks and Berks Counties, and i3 to the South 
Mountains in Adams, Franklin, Cumberland and York Counties. 
The maps surpass in style and size those of other State publica- 
tions of the country. 
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3. Atlas von China: Orographische und Geologische Karten, 
von FrerpinaNpD FREIHERR VON RicHTHOFEN ; zu des Verfasser’s 
Werk, China. Erste Abtheilung; das Nordliche China.—This 
large atlas to the second volume of Baron Richthofen’s great 
work on China contains a duplicate series of colored charts rep- 
resenting, in different colors and on a scale of 1: 750,000, the 
orographic features and geological structure of Northern China. 
Twelve regions, each about 130 by 170 geographical miles in 
area, are thus illustrated—five of them about the Yellow Sea; 
one, that of Pekin, just west; and six to the west, south, and 
southwest of Pekin. The coloring of the charts is in the best 
style of Vienna artists; 15 to 20 shades are used on the several 
charts. By the different colors are exhibited the areas of the 
immense alluvial plains of the Hoang-ho about the Yellow Sea; 
of the marine less; of the less of the interior regions; of the 
gneiss ; of other metamorphic rocks; eruptive granite; Lower 
and Upper Cambrian (Sinian); Silurian with Devoniar ; Carbon- 
iferous limestone; Productive Carboniferous; Trias; Jurassic ; 
porphyry ; trachyte and basic eruptives. Cambrian schists have 
a wide distribution, covering over a thousand of square miles 
(geographical), and near Pekin they are strongly metamorphic. 
Silurian and Devonian beds, and also Carboniferous and Permian 
occur to the southwest of Pekin in Tsing-ling-shan and the dis- 
trict next east. The Carboniferous beds, which are the highest 
formation over much of the interior, also exist in the hilly parts 
of the districts near the Yellow Sea. The work is a large contri- 
bution to the Systematic Geology of Northern China. 

4. Swedish Geological Survey.— The Geological maps of the 
Swedish Geological Survey now issued number 96, and extend 
over about half the surface of the country. They are models of 
beautiful coloring, and careful details. The larger part are on a 
scale of 1:50,000; a few on that-of 1:200,000. The price 
charged for the sheets is 1:50 kr. each. Besides these there are 
four general charts (one of these glacial) and three special. The 
publications of the survey thus far issued include also 77 memoirs 
in 8vo, and 4to, by the geologists of the survey, A. Erdmann, E. 
Erdmann, A. Bértzell, A. E. Térnebohm, O. Gumelius, D. Hum- 
mel, J. G. O. Linnarsson, H. Santesson, O. Torell, A. G. Nathorst, 
EK. Svedmark, A. Blomberg, 8. L. Torquist, 8. A. Tulleberg, F. 
Svenonius, B. Lundgren, F. Eichstidt, G. DeGeer, M. Stolpe, J. 
C. Moberg. 

5. The earliest (Devonian) winged Insects of America. (8 pp., 
with one plate. Cambridge, Mass.)—Mr. 8. H. Scupprr, in this 
paper, reviews the facts with regard to the five earliest of Ameri- 
can winged Insects, and concludes that the genus Gerephemera 
belongs to the group of Protophasmide, one, Platephemera, to 
the Ephemeride, and three, Homothetus, Lithentomum, and Xeno- 
neura, to as many distinct families of ancient Neuroptera. He 
repeats a former conclusion that in the historic developement of 
the broader group of insects, so far as we now are acquainted 
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with them, no important changes have transpired since Paleozoic 
time ; while at the same time, our perplexity regarding the proper 
relation of Paleozoic insects to modern types is often very great. 

6. Lootprints on the Triassic Sandstone (Jura-Trias) of New 
Jersey.—Mr. Joun EKyerman reports to the Editors (Sept. 10), 
by the gift of a fine photograph, the discovery of foot-prints, re- 
lated to Anomoepus major of Hitchcock in size and characters— 
from near Milford, Hunterdon County, New Jersey. On the 
larger slab the fore-foot is 4-toed and 6 inches long and broad ; 
the hind-foot is 3-toed and 12 inches long. On a smaller slab 
on which there is one track only, that of the fore-foot, there are 
five toes, and the length is 74 inches. The specimens are now in 
the Geological Museum of Lafayette College. 

7. Cervus Americanus Harlan, from shell-marl beneath a bog 
in Warren Co., New Jersey.—This species was founded on a few 
bones from Big-Bone Lick, Kentucky (Proc. Philad. Amer, Phil. 
Soc., 1818, 376). The Fourth Annual Report (June 1885) of the 
E. M. Museum of Geology and Archeology of Princeton, con- 
tains a plate representing a fine skeleton from the above-men- 
tioned locality now in the museum. Professor Scott institutes for 
it the new genus Cervalces. The skeleton fails only in five caudal 
vertebre, 1 scapula, 1 humerus, 1 caleaneum, 2 ribs, 3 carpals, 
1 phalanx, and some of the sesamoids. 

8. Pteropod of the St. John Group. (From a letter by Mr. G. 
F. MattHew, dated St. John, New Brunswick, Dec. 8.)—I have 
received a letter from Mr. Ottomar Novak, of Prague, in answer 
to one giving him a description and figures of the new genus of 
Hyolithoid Pteropod of the St. John group (Cambrian), described 
in this Journal, October, 1885, page 205, under the name of Diplo- 
theca. 

He informs me that Phragmotheca of Barrande, to which I had 
compared it, may be described as “a Hyolithes having a triang- 
ular section, and on each side a great dilation of the testa;” and 
that Barrande’s figure “represents only the apical end of the 
whole sheath, the opposite end bearing the opening being un- 
known.” This being the case, the known portion of Phrag- 
motheca corresponds to the septate portion of the sheath of 
Diplotheca, and not to the whole sheath (including the lateral 
phragmated portion). It follows, as Mr. Novak has remarked, 
that there is no special relation between the two genera. 

I may add that the upper dotted line of the fig. 36, page 294, 
giving the section of Phragmotheca, is erroneous as regards the 
dotted line connecting the wings, there being no enclosed space 
at the side of the sheath. The lateral partition and diaphragms 
of Diplotheca are therefore features which distinguish it from 
other Hyolithoid shells. 

9. Annuaire Géologique Universel et Guide du Géologique, 
by Dr. Dactncourt, Sec. Soc. Geol. de France. 438 pp. 12mo. 
Paris, 1885.—This volume contains brief geological sketches of 
the different countries of the world, and notices or mention of 

rvs 



Geology and Mineralogy. 73 

some recent geological publications; and, following, the names 
and addresses of the geologists and mineralogists of the world. 
It is a very convenient office companion for all workers in geology 
and mineralogy. The American part is evidently made up from 
Cassino’s excellent “ International Scientist’s Directory,” but with 
omissions often of initials and an occasional oversight, that may 
easily be corrected in another year’s issue of the work. 

10. Chlamydoselachus anguineus Garm., a‘ living species of 
Cladodont Shark ; by 8. GARMAN. Bull. Mus. Comp. Geol. 
Cambridge, vol. xii, No. 1, July, 1885.—This fine memoir of 
special geological as well as zoological interest is illustrated by 
20 plates. 

11. South Carolina: Resources and population, institutions and 
industries. Published by the State Board of Agriculture; A. P. 
Butier, Commissioner. Charleston, 1885. (8vo, pp. vill + 
726+20 unnumbered, 1 plate, 2 folding tables, map 27x34 
inches. )—The eae is divided into seven ‘agricultural and phys- 
ical regions,” viz: I, the Coast region, II, the Lower Pine belt or 
Savannah region, III, the Upper Pine belt or Central Colton belt, 
IV, the Red ‘Hills, ve the Sand Hills, VI, the Piedmont region, 
and VII, the Alpine region; and the topography, geology, and 
agricultural capabilities of each are briefly described. The geo- 
logic matter is maiuly a compilation of well-known facts and prin- 
ciples from the publication of Tuomey, Bieber, Ruffin and others, 
but some observations and applications are apparently original. 
Thus not only is Kerr’s generalization of the southward deflection 
of the North Carolina rivers extended to South Carolina, but it 
is stated that the coastal islands are triangular, with the apex 
“directed southwest, often terminating in marshes, while the 
higher and drier base faces northeast,” and that in the coastal 
inlets the “ship channels are always found to ‘the south of-the 
harbors.” - The map (10 miles: ] inch) exhibits, by means of colors 
and black boundary lines, the fresh water swamps and salt 
marshes, the two pine belts, the Red Hill and Sand Hill regions, 
the northern limits of Pliocene, Ashley and Cooper (Eocene), 
Santee (Hoceney, and Cretaceous marls, the Buhrstone (Hocene), 
formation, and the different lithologic phases of the ‘* Huronian,” 
“Laurentian,” and “ Teneous” rocks. It is embellished by a crude 
section from Charleston to Ridgeway. The volume contains lists 
of vertebrate animals by F. W. True, of the invertebrate fauna 
by L. O. Howard, and of the more common native and naturalized 
plants by H. W. Ravenel, together with abstracts of meteoro- 
logical observations, ete. W. J. MC G. 

12. Kobellite from Colorado.—Messrs. H. F. and H. A. Krtiar 
have recently given a description of a variety of Kobellite from 
the mines of the Lilian Mining Co., in Printerboy Hill, near Lead- 
ville, Colorado. It occurs in nodules of various sizes up to sev- 
eral feet in diameter ; ; they are usually more or less oxidized. 
The fresh mineral has a fine- grained crystalline structure, a steel- 
gray color and dark gray to black streak. Three analyses were 
made with the following results : 
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S Bi Pb Ag Cu Gangue. 
1. 15°21 32°62 43°94 5°78 tr. 0°15=97°70 

aoe 15°27 33°31 44:28 5°49 0°03 0°14=98°52 
3. 15°19 33°89 44°03 5°72 tr. 0°17=99-00 

The bismuth determinations are regarded as somewhat low, and 
in (2) and (3) there was probably also a loss of lead. The general 
formula derived 3PbS + Bi,S, is that of Kobellite, but the variety 
is interesting in containing a considerable amount of silver, while 
the antimony is absent.—Journ. Amer. Chem. Soc., vol. vii, "No. 7. 

13. Crystallographic Notes; by OxiveR W. Huntreroy.— 
Mr. Huntington has made a study of the beautiful crystals of 
azurite from Clifton, Arizona. ‘They resemble the crystals from 
Chessy in habit, and agree closely in angles also, although not 
often admitting of the most exact measurement. They are quite 
highly modified although not adding to the already long list of . 
known planes. The planes present were fifteen in number with 
001, 101 prominent. 

The same writer gives the results of some measurements of the 
compound quartz crystals from Albemarle County, Virginia, de- 
scribed by Prof. W. G. Brown in this Journal (Sept., 1884). He 
finds that out of a very large number of apparent twins there - 
were only three cases in which the faces of two individuals fell abso- 
lutely in the same zone, and in which an assumed twinning-plane 
could be referred to probable axial ratios. The possible twin- 
ning-planes in these cases were —,,h, —-?;, —y4 A. The con- 
clusion seems to be, therefore, that the grouping is rather acci- 
dental, as in many other cases that have been described, than 
according to a definite law.—Proceedings of the American Acad- 
emy of Arts and Sciences, June 10, 1885. 

14. Mineralogical Notes; by Gro. F. Kunz.—In a paper read 
before the Ann Arbor Meeting of the American Association for 
the Advancement of Science, Mr. Kunz presented several points 
of interest in regard to American minerals. A description was 
given of a pseudomorph from Magnet Cove, Arkansas, having 
the form of trapezohedral crystals varying in size from 10 to 
45mm. They resemble the melanite of the same locality, but 
so far as examined do not show the dodecahedral faces. The 
color varies from yellowish-brown to grayish-white, and the 
specific gravity of the more compact specimens was 2°44 (near 
that of leucite). Upon fracture an external shell separates from 
a core of trapezohedral form. A microscopic examination by 
Mr. G. P. Merrill showed that the structure was homogeneous, 
but for the most part spherulitic, though beyond the center there 
was a zone made up of radiating columnar bodies with indefinite 
outline; except in shape there was no distinguishing feature 
between the outer crust and the more compact interior. The 
microscopic examination did not lead to any definite conclusion 
as to the original mineral. An analysis by Dr. F. A. Genth 
afforded (mean of two) : 

Sid. Al,03 Fe.0; MgO Na.O K,0 H.0 
(%) 60°77 22°13 0°44 0°05 0°36 13°91 2°95 = 100°61 
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This is not very far from common orthoclase feldspar, and also 
approximates to the composition of leucite. The author suggests 
that it may be a case of feldspar pseudomorph after leucite, and 
calls attention to its similarity to the pseudomorphs of potash 
feldspar (and muscovite) after leucite from the Oberwiesenthal 
in Saxony. The case is by no means proved, however, and it 
is not improbable that the original mineral was the common 
garnet of the locality already alluded to. 

The same author describes the Rumford tourmaline locality in 
Oxford county, Maine, at which rubellite, indicolite and green 
tourmaline have been obtained associated with fine scaly lepidolite, 
amblygonite, cassiterite and albite. From Raymond, Maine, fine 
specimens of essonite garnet have been obtained, some of tliem 
showing a dozen alternate layers of garnet and calcite; the break- 
ing off at a layer of calcite leaves a fine dodecahedral crystal 
within. A beryl from Auburn, Maine, is mentioned, which is 50 
em. high and 22 wide and has 50 different layers, 25 of beryl, the 
others of albite, quartz and muscovite. The occurrence is noted 
of fine blue beryls near Mt. Anteros, in the Arkansas Valley, 
Chaffee County, Colorado, resembling those from Mourne Mt. in 
Ireland. From Salides, Colorado, large quantities of dodecahe- 
dral garnets have been obtained, which are coated with chlorite 
somewhat similar to these from the Lake Superior region. 

The same author, in a recent paper before the New York 
Academy of Sciences, gives a number of notes in regard to the 
occurrence of minerals in the West. Some of them are as follows: 
The occurrence of fine malachite in large masses at the Copper 
Queen mine at Bisbee, Arizona, is mentioned; also specimens 
with erystals of calcite and malachite in large geodes, the latter 
mineral in fine acicular crystals 2 to-4 mm. long, giving a rich 
velvety surface; aurichalcite in beautiful tubes lining cavities 
comes from the same locality. The fine crystals of azurite from 
the Clifton mines, Graham County, Arizona, and also from the 
Longfellow mine are mentioned, as also the occurrence of chryso- 
colla at several localities, conspicuously at the old Globe mine in 
Gila County. Cuprite and dioptase from the Clifton mines, and 
cerussite for the Flux mine in Pima County and the Belle mine, 
Yavapai County, are alluded to. 

15. A Mt. Blane Fulgurite—Mr. F. Rutley describes (Quar- 
terly Journ. Geol. Soc., May, 1885) some specimens of hornblende 
gneiss having a fused surface, from the summit of the Dom du 
Gouté, “a small peak rising out of the snow at a height of 
14,000 feet above the sea-level,” belonging to the Mt. Blanc 
chain. The author speaks of the absence of crystallites in fulgu- 
rites (consequent on sudden cooling), and of their being, hence, 
the purest natural glasses ever formed. 

Mr. Rutley examined also a specimen of the bouteillenstein or 
pseudo-chrysolite, of Moldauthein, in Bohemia, constituting nod- 
ules in sand, and in his conclusion says: that its glass enclosures 
and numerous gas-bubbles and its almost perfect freedom from 
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any products of crystallization render its comparison with fulgu- 
rite not merely admissible but possibly instructive.” 

The other localities of the material are tuffs in the neighbor- 
hood of Mt. Dore les Bains, Pessy in the Auvergne and one or 
two other localities. 

16. Fifth Annual Report of the State Mineralogist of Cali- 
Sornia ; by H. G. Hanks. 285 pp. 8vo. Sacramento, 1885.— 
The mineralogical reports of California follow each other with 
admirable regularity and promptness. The present volume is 
largely filled with an account of the mineral exhibits from the 
different parts of the country at the New Orleans Exposition of 
last year. 

Ill. Borany. 

1. Manual of the Botany (Phenogamia and Pteridophyta) 
of the Rocky Mountain Region, from New Mexico to the British 
Boundary. By Joan M. Covurtrsrr, Ph.D., Professor of Botany 

‘in Wabash College and Editor of the Botanical Gazette. Ivison, 
Taylor, Blakeman & Co. New York and Chicago, 1885. pp. 
452.—The country lying west of the States which border the © 
Mississippi and east of the great interior basin is becoming popu- 
lous and full of schools. The Rocky Mountains, from the Yellow- 
stone Park at the north to Colorado and the cooler parts of New 
Mexico, abound with intelligent summer visitors. The floral 
vegetation is copious and varied, and mostly with a character of 
its own. ‘This manual is intended to do for its own range what 
has been for a long time so admirably done for the Northeastern 
States by Gray’s Manual.” It is modeled upon that handy 
volume, with certain features caught from the Synoptical Flora. 
As was proper, it is the work of Professor Coulter, whose earlier 
essay in this field was the Synopsis of the Flora of Colorado, 
the most interesting and now best-known portion of Rocky 
Mountain Botany; and, as was natural, he has had some help 
from specialists, such as Mr. Bebb for the Willows (which amount 
to only 16 species), and Professor L. H. Bailey for the Carices, 
which mount up to 87 species, requiring very particular treatment. 

This manual appears to be very well done; and we may con- 
gratulate the author upon the good presentation he has made in 
thus opening up a new field. The book was greatly needed, both 
for schools and for resident botanists and tourists. Tio accommo- 
date the latter a tourist’s edition is announced, on thin paper, 
with narrow margins and flexible leather covers. For educational 
purposes, it is to be bound up with Gray’s Lessons, by the same ~ 
publishers, so as to make one school-book serve. So we may now 
look for a rapid development of botanical study in this region of 
great floral attraction. Apropos to this use of Professor Coulter’s 
work, we regret that he has not accentuated the names of received 
genera and species. It would not have cost great trouble, so much 
of the work being done to his hand in the eastern Manual and in the 
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Syuoptical Flora; and it would be very useful, especially to begin- 
ners, who ought to have as little as possible to unlearn. If sci- 
entific education is to be creditable as well as popular, it is 
desirable that those who use botanical names should learn how to 
pronounce them, at least so far as to place the principal accent on 
the right syllable;—and this, indeed, is all that can be demanded. 

In accordance with a prevalent mode, the Gymnosperme are 
placed after Monocotyledones, thus separating them widely from 
other Dicotyledones. It is agreed that they should form a dis- 
tinct class, and in the present collocation, Professor Coulter 
follows the weight of authority. But we do not allow that this 
collocation “better expresses relationships which have long been 
‘recognized.” The only right series is that in which the Gymno- 
sperms intervene between the Dicotyledons and the Pteridophytes; 
and the only way to preserve this series in a system is to begin 
or end) with the Monocotyledones. But so long as we begin 
or end) with Angiospermous Dicotyledons, and somewhere inter- 

pose the Monocotyledons, it is evidently more natural to keep the 
Gymnosperms next to the former, with which, through the Gne- 
taceze, they are very closely connected, rather than to place them 
next the highest Cryptogams, with which (granting their descent) 
they are very distantly connected. 

It was a good thought of the author to relegate all the intro- 
duced plants to foot-notes. Would it were practicable to do so 
in the Flora of the whole country, so that we could represent the 
vegetation of the land in its natural condition, before civilized 
man wrought change and confusion in geographical botany. The 
flora of the Great Plains and of the Rocky Mountains is, up to 
the present time, so little disturbed that the course here followed 
secures this advantage, and has no serious practical inconven- 
iences. A. G. 

2. Sir Jos—EpH Hooxzr on the last day of November retired 
from the directorship of the Royal Gardens at Kew, which he 
has held for twenty years, in continuation of the ten previous 
years in which he was Assistant Director under his father, Sir 
William Hooker. This is not a case of superannuation; for Sir 
Joseph is still a few years within the three score and ten, with 
mental vigor unbroken and the corporeal little diminished; but 
he finds it impossible to make satisfactory progress with the 
botanical works in hand while under the pressure of a load of 
official cares. He has fully borne his part of administrative 
duties, for which indeed he has remarkable aptitude; and working 
botanists—especially those of the tried old school and of needful 
experience—are rare and much to be treasured. One who knew 
Kew before Sir William Hooker took it in hand in 1839, and who 
has known it under his successor, and therefore through its whole 
development into the unexampled scientific and practical estab- 
lishment it has been made under their hands, finds it difficult to 
conceive of Kew without a Hooker at its head. But we do 
not anticipate any falling off under the new Director, Mr. This- 
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selton Dyer, who has for a good number of years been Assistant 
Director, and for not a few of them the son-in-law of the botanist 
who now retires,—not from labor, indeed, but to the more steady 
prosecution of the work which the science expects from him. In 
this his colleagues throughout the world take a higher interest 
even than in the administration of the great institution which is 
known by the inadequate appellation of The Royal Gardens, Kew. 

A. G. 

TV. ASTRONOMY. 

1. Meteors of November 27, 1885.—-On the evening of Noy. 
27th, there was a remarkable shower of meteors radiating from 
Andromeda, and presumably connected with Bicla’s comet. In 
brilliancy it compares favorably with the magnificent display on 
the same day in 1872. In Europe and Asia the star shower was 
very remarkable wherever the clouds did not prevent its being 
seen. In this country it was nearly over before sunset, yet in the 
early evening the meteors were numerous enough to attract very 
general attention. 

Mr. Robert Brown, of the Yale College Observatory, shortly _ 
after six o’clock, counted 44 in 24 minutes. About half of them 
left momentary trains. At half-past nine about a dozen were 
seen by three persons, Mr. Brown, Mr. Lyman Baird and myself. 
We estimated the hourly number for three observers, looking at 
the same part of the heavens, to be about 100. The radiation 
was in general from near y Andromede with, however, some 
striking exceptions. ‘Two or three left trains which were much 
less brilliant than those seen by Mr. Brown early in the evening. 
From 10" 15™ to 10" 30™ I counted 13, watching alone. Though 
several flights went sharply from near vy Andromede yet the 
radiation was not from any single point. One short flight had a 
broken appearance, much like the jagged line of an electric spark. 

At Princeton, N. J—Professor Young, in Sctence, reports 36 
counted in a ten-minutes walk beginning at 7" 15™, and about a 
hundred before 7" 45™. From 7" 45™ to 8", only three or four 
were seen. “The radiant was very well marked—an oval region 
about 4° long N. and S., and about 2° wide. Its center, accord- 
ing to the best estimate I could form, was about 2° N.W. from 
y Andromede.” 

At Georgetown, D. C.—In Science are reported observations by 
two of Professor Hall’s sons (and Mrs. Hall, who watched a short 
time), who counted 213 meteors between 6" 30™ and 7° 50™; also 
the count of a party of four under charge of Mr. Horigan, viz: 
100 between 7° 0™ and 75 30™, 100 between 75 30™ and 7 55®, 
100 between 75 55™ and 82 35™, 28 between 8" 38™ and 98 07. 

In England.—At Greenwich the rate of fall between 6" and 7° 
was reckoned at 30 to 40 per minute with remarkable average 
brilliancy. At 112 only 3 to 5 per minute appeared. The radi- 
ant was located at R. A. 20°, Decl. 49° N. At Dundee, Mr. 
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James Lewiston reported 25 per minute for one observer at 54”; 
at 6" 100 in a minute were counted; at 6" 20" a decrease was 
noted; at 6" 38™ they had risen to 70 per minute; thereafter the 
numbers gradually diminished. The radiant was fixed at R. A. 
21°, Decl. 44°. Professor Pritchard at Oxford, counted 251 mete- 
ors between 62 34™ and 62 39", and 305 between 72 14™ and 7" 
19™. Mr. G. J. Symons says that the meteors in 1866 were both 
more numerous and larger than in this shower. He computed 
the whole number falling at 8" 5™ as over 3,000 per hour. 

An adequate discussion of the shower can be made only when 
all the reports are received. Es ANE 

BOOKS RECEIVED. 

Hlements of Inorganic Chemistry, by James H. Shepard. 377 pp. 8vo. Boston, 
1885, (D. C. Heath & Co.) 

Chemical Problems, by Dr. Karl Stammer, translated by W. S. Hoskinson. 
111 pp. 8vo. Philadelphia, 1885. (P. Blakiston, Son & Co.) 
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Williams; Jr. 1016 pp. 8vo. Washington, 1885. 
' Gravity Research: 1. Use of the Noddy for measuring the swaying of a pen- 
dulum support. 2. Effect of the flexure of a pendulum upon its period of oscilla- 
tion, by C. S. Peirce, (Appendices Nos. 15 and 16 of the Report of U. 8. Coast 
and Geodetic Survey for 1884.) Washington, 1885. 

Index to Literature of Uranium, 1789-1885, by H. Carrington Bolton, 36 pp. 
8vo. Washington, 1885, (Smithsonian Report for 1885.) 

Recueil de Monographies Stratigraphique sur le Systéme Crétacique du Portu- 
gal, par Paul Choffat. Contrée de Conte, de Bellas et de Lisbonne. 68 pp. 4to, 
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10 plates Lisbon, 1885. 
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with 5 plates. Washington, 1885, (Bulletin of the U. 8. Geological Survey, 
No. 22.) 

Results of Ornithological Explorations in the Commander Islands and Kamt- 
schatka, by Leonhard Stejneger. 382 pp. 8vo. with 8 colored plates. Washing- 
ton, 1885, (Bulletin of the U. S. National Museum, No. 29.) 

A Revision of the Astacide, by Walter Faxon, Part I. The Genera Cambarus 
and Astacus. 186 pp. 4to, with ten plates. Cambridge, 1885, (Memoirs of the 
Museum of Comparative Zoology, at Harvard College, vol. x, No. 4.) 

The Development of Osseous Fishes. I. The Pelagic stages of young fishes, by 
A. Agassiz and C. O. Whitman. 56 pp. with 19 plates, (Studies from the New- 
port Marine Laboratory: Memoirs of the Museum of Comparative Zoology at 
Harvard College, yol. xiv, No. I, Part 1.) 

Larval Theory of the Origin of Cellular Tissue, by Alpheus Hyatt. pp. 45- 
163 of vol. xxiii of the Proceedings of the Boston Society of Natural History, 
March 5, 1885. 

Bulletin of the Washburn College Laboratory of Natural History. Vol. I, No. 
4; pp. 113-148. il 

Bulletin of the American Museum of Natural History. Vol. I, No. 6. pp. 18l= 
195, with plates xix to xxii. 
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Bulletin of the Illinois State Laboratory of Natural History. Volume II, pp. 
141-255, 8vo, contains Article III, on the Parasitic Fungi of Mlinois, Part 7, by 
we Burrill: 

Second Annual Report of the Agricultural Experiment Station of the University 
of Wisconsin, for the year of 1884. 112 pp. 8yo. Madison, 1885. Bulletin No, — 
7, October, 1885. Experiments in Calt-feeding; The Cooley system of creaming 
mills. 

Annual Report of the Board of Directors of the Chicago Astronomical Society 
together with the Report of the Director of the Dearborn Observatory. 16 pp. 
8vyo. Chicago, 1885. This report contains observations on the planet Jupiter 
from Sept., 1884, to July, 1885; the descriptions are accompanied by two plates. 

Bibliographies of American Naturalists. II. The published writings of Isaac 
Lea, LL.D., by Newton Pratt Scudder, 278 pp. 8vo, with a portrait of Dr. Lea. 
Washington, 1885, (Bulletin of the U. 8. National Museum, No. 23.) 

The Annals of the Cakchiquels: The original text, with a translation, notes 
and introduction by Daniel G. Brinton. 234 pp., 8vo. Philadelphia, 1885, 
(Brinton’s Library of Aboriginal American Literature, No. VI.) 

The Races of Britain: A contribution to the Anthropology of Western Europe, 
by John Beddoe. 271 pp. 8vo, with an appendix. Bristol and London, 1885. 
(Scribner & Co.) 

Report of the Superintendent of the U.S. Coast and Geodetic Survey; showing 
the progress of the work during the fiscal year ending with June, 1884. 621 pp. 
4to, with 23 maps. Washington, 1885. 

Report of the International Polar Expedition to Point Barrow, Alaska. 695 
pp. 4to, with numerous plates. Washington, 1885. } 

Memoirs of the National Academy of Sciences, Vol. III, Part 1, 110 pp. 4to, 
with 5 plates. Washington, 1885. This volume contains eight Memoirs, by | 
the following authors: G. K. Gilbert, S. P. Langley, A. M. Mayer, C. F. Chand- 
ler, C. S. Peirce and J. Jastrow, S. H. Scudder, E. D. Cope, A. 8. Packard. 

Water Meters, by Ross E. Browne, and The Preservation of Timber, by S. B 
Boulton. Nos. 81 and 82 of Van Nostrand’s Science Series, (Reprints from 
Van Nostrand’s Magazine.) 

Anales de la Oficina Meterologica Argentina, por su Director Benjamin A. 
Gould. Tomo IV, 600 pp. 4to. Buenos Aires, 1884. 

Lectures on the Principles of House Drainage, by J. Pickering Putnam, Archi- 
tect. 125 pp. 12mo. Boston, 1886, (Ticknor & Company ) 

OBITUARY. 

Dr. Joun CuristorpHEeR Draper, Professor of Chemistry in the 
Medical Department of the University of the City of New York, 
died in New York, on the twentieth of December, in his seventy- 
first year. Dr. Draper was the oldest son of the eminent Professor 
John W. Draper. His scientific papers, apart from those in the 
Science of Medicine, are devoted to Chemical and Physical sub- 
jects; and among the latter, chiefly to optical phenomena. His 
last two, relating to dark lines in the solar spectrum, are contained 
in volumes of this Journal for 1878 and 1879. He is the author 
also of a Practical Laboratory Course in Chemistry, and a Text- 
book on Medical Physics, the latter work only recently issued. 
He became Professor of Chemistry in the Medical Department of 
the University of the City of New York, in the year 1866, and 
was instrumental in placing it in the front rank among the medical 
institutions of the country. He received the degree of Doctor of 
Laws from Trinity College, Hartford, in 1873. 
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Art. VII.—The Story of Biela’s Comet, a Lecture delivered by 
H. A. Newton, Jdlarch 9, 1874, at the Sheffield Scientific 
School of Yale College.* 

LADIES AND GENTLEMEN: I ask you to listen to-night to 
the story of Biela’s comet. I will weave into the story enough 
of astronomy to justify its place in this course as a lecture. 

The story has none of the interest which human passions 
give to stories of human life, and yet if it shall not be to you 
as interesting as a novel, it will be because I shall spoil the 
story in telling it to you. Itisatrue story. In other words, 

_ I mean to separate sharply what we know from what we gcuess. 
One hundred and two years ago last night (March 8, 1772) a 

Frenchman named Montaigne, in the provincial City of Limoges, 
found a comet. He did what little he could with his small 
telescope to mark its place in the heavens, but it was not much 
that he could do. The comet was a faint one, not to be seen 
by the naked eye, and had a short tail, only one-eighth as long 
as across the disk of the moon. He did not dream that that 
little foggy speck of light was to be one day one of the most 
interesting comets in the solar system ; in fact, that he himself 
was to be known to history only for having first seen it. This 
little comet is the hero of my story—a hero from humble life. 
Montaigne wrote to Paris of his discovery, and they saw it 
three or four times before it disappeared. 

* The renewed interest in Biela’s comet created by the great shower of meteors 
on the 27th of November last, justifies giving space for this lecture.—(Eps. Jour. 
SCIENCE.) 
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Thirty-three years later, November, 1805, another French- 
man named Pons, saw the comet. It passed rapidly from 
the northern heavens, and in a month went below our horizon. 
It came this time very close to the earth, and I shall in a mo- 
ment tell you how it appeared. It was visible to the naked 
eye, even in strong moonlight. ‘Twenty years later, February 
1826, an Austrian officer, Von Biela, again found the comet. 
So soon as an orbit could be computed, it was seen that the 
three comets of 1772, 1805 and 1826 were the same body. 
This has since been known as Biela’s comet. Its exact path 
around the sun could now be told. Let me show it to you. 

Let us look down upon the solar system from a point several 
hundreds of millions of miles north of it. Looking southward 
we should see the sun in the center. The earth, with its moon, 
would travel around the sun in a path or orbit denoted by the 
circle in the figure (fig. 1). 

It goes about the sun once a year, being, on the 10th days of 
January, April, July and October, at the points so marked on 
the diagram. The motion is opposite to that of the hands of 
a watch. Outside, five times as far from the sun as is the 
earth, will be the huge planet Jupiter, a part of whose path 
you see. It goes about the sun once in twelve years. The 
paths of the other planets are not in the figure, as I have noth- 
ing to say about them to-night. In the figures which I show 
you the earth’s orbit is twenty inches in diameter, or one inch 
to nine million miles. An express railway train traveling all 
the time for a fortnight would pass over about the thousandth 
of an inch in this figure. The comet’s path is the ellipse. 
Around this ellipse it traveled three times in twenty years, or 
once each 6% years. When nearest tothe sun, or at perihelion, 
it went within the earth’s orbit, and when most distant it passed 
beyond Jupiter. 

The comet’s motion is very unequal. At D it moves very 
slowly. As it falls toward the sun the sun’s attraction makes 
it move faster and faster, so that it whisks rapidly by P. As 
it then rises from the sun on the other side of the orbit, the 
sun not only turns it ever out of the straight path it would 
move in, but it stops its upward momentum, so that when it 
reaches D again it has only its old velocity with which to re- 
peat its circuit. At P its velocity is twenty-eight miles, at D 
four miles, a second. In fact, to pass over the part lying ap- 
parently outside of Jupiter’s orbit, just half of the whole 63 
years is required. I said apparently outside, for another fact 
must be noticed: while Jupiter and the earth may be said to 
move in the same plane, that of the figure, the comet’s orbit, 
lies at an angle. Suppose the ellipse to be a metal ring, and 
let it turn about the line AB as a hinge, the part ADB ris- 
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ing toward you, and the part APD retreating from you. The 
parts near D must rise about the half-diameter of the earth’s 
orbit to give the true position of the two planes. Notice that 
the comet’s and the earth’s orbits cut each other at the node on 
the line AB. The importance of this fact will by and by ap- 
pear. The two orbits seem to cut each other at another point 
(below P), it is true, but because of the angle of the planes the 
cutting is only apparent. 

Like all other comets, this one was visible only when near 
the earth and near the sun. Through the outer part of its path 
it was never seen, even with a telescope. The comet was seen 
in 1826 for the third time. 

Positions in 1772 and 1805.—In March, 1772, it was first seen 
from A in the direction Aa (fig. 2). It was last seen four 
weeks later from B in the direction Bb. In November, 1805, 
Pons found it when the earth was at A’ and the comet at a’ 
(fig. 2). Both the earth and the comet were going to the node, 

the comet going faster than the earth. The earth passed 
the node just ahead of the comet. I have told you that the 
comet was then visible to the naked eye even in moonlight, 
and well it might be. On the 8th of December, with the scale 
of the figures before you, it was only th of an inch from the 
earth at the node. On the same scale the moon is g; of an 
inch from the earth. The comet passed =4 of an inch outside 
the earth’s orbit, but the earth was already past that point. 

Dr. Schréter describes the comet: T’o the naked eye it was 
(Dec. 8) a large round cloud of light nearly as large as the 
moon. In a 13-foot telescope it had the same appearance, 
though it was much smaller, and it. had a bright, star-like 
nucleus. This nucleus had not sharp edges, not even a defi- 
nitely round form, but was like a light shining through a fog. 
Its diameter was about 112 miles, or, if we take only the cen- 
tral light, 70 miles; speaking roughly, as large as the State of 
Connecticut. The whole cloud, as seen in the telescope, was 
some 6,000 miles in diameter ; to the naked eye perhaps 30,000 
miles. How much smaller than 70 miles was the hard part of 
the nucleus, we cannot say. 

Position in 1826.—In 1826 it was first seen from A in the 
line Aa (fig. 8). Astronomers followed it with care, as they 
had come to know that it was a comet of short period, and not 
many such were then known. Its path then crossed just inside 
the earth’s orbit at the node, but only 34, of an inch in the 
diagram, or 20,000 miles, in fact, from it. 

Position in 1832.—Six and two-thirds years brings us to 1832, 
and you can readily imagine with what interest this first pre- 
dicted return was watched for. Some of you also remember 
the wide-spread, though groundless, fears at that time of a col- 
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lision of the earth and the comet. The comet was first seen by 
Sir John Herschel in September. In his 20-foot reflecting tel- 
escope he saw it pass centrally over a group of small stars of 
the 16th or 17th magnitude. The slightest bit of fog would 
have at once blotted out the stars. Through the comet, how- 
ever, they looked like a nebula, resolvable, or partly resolvable, 
into stars. How thick the cometic matter was we do not know. 
Its extent, laterally, was not less than 50,000 miles. Again M. 
Struve saw it pass centrally over a star of the ninth magni- 
tude. A like star was seen in the telescope at the same time, 
so that he was able to say that the comet did not dim in the 
least the one which it covered. The comet, as the figure (fig. 4) 
shows, was in 1832 always at a great distance from the earth. 

Another six and two-thirds years brings us to 1839. The 
comet came to perihelion, at P, in July. The earth and comet 
were on opposite sides of the sun both before and after July, 
and of course the comet was not seen. 

Position in 1845.—Another circuit was finished in 1845-6. 
The comet was visible then during five months, from a to 6 
(fig. 5), or as viewed from the sun through nearly half its cir- 
cult. At this time it was that the comet became all at once 
famous. 

On the 29th of December Mr. Herrick (then Librarian of Yale 
College) and Mr. Francis Bradley (then in the City Bank) were 
watching the comet through the Clark telescope in the Athe- 
neum tower yonder. They saw a small companion comet 
beside the larger one! What did it mean? Had the comet a 
satellite like the earth’s moon? Or had the comet been split 
by some convulsion? ‘Two weeks later the companion comet 
was seen by Lieut. Maury and Professor Hubbard at Wash- 
ington, and two days after that, it was seen by two or three 
Huropean astronomers. 

Changes were seen in the larger telescopes that increased the 
mystery. The faint companion grew in size and brilliancy. 
Hach comet threw out a tail. Then the smaller one had two 
tails. Then the larger one had a pointed, or diamond-shaped, 
rather than a round head. Two nuclei were seen in the larger 
one, and it also had two tails. An arch of leht was thrown 
over from one to the other. For some days in February the 
companion was the brighter of the two. Presently three tails 
were seen running from the primary, and three cometary frag- 
ments (one observer says five) around its nucleus. What 
could it all mean? Do you wonder that astronomers were ex- 
cited by these wizard changes? 

The companion comet was seen in Washington by Maury 
and Hubbard two weeks after it was seen here by Herrick and 
Bradley. Professor Joseph Hubbard was the son of a resident 
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of New Haven, well-known to many of you from his connec- 
tion with the New Haven Bank. Professor Hubbard was 
graduated two years before (in 1848) at this college, and was 
now Professor in the Naval Observatory at Washington. He 
took up the study of the motions of the two Biela comets as 
special work, outside of his hours on duty. How faithfully he 
worked, four thick manuscript volumes of figures might tell. 
I cannot show you those books. They form, since Professor 
Hubbard’s death, a cherished memento in the possession of a 
friend. But I have brought another of Hubbard’s volumes 
from the College Library, one of three upon the comet of 1848, 
in order to show you by what patient labor some of the results 
of astronomy must be wrought out. In your school days you 
called it a wondrously long sum that covered both sides of the 
slate. On the leaves of this book there are as you see one, 
two, three, and in some cases, I think, even four thousand fig- 
ures upon the page. You will, | am sure, excuse me from telling 
in detail to-night, how we learn about the sizes, distances, and 
motions of the comets. Hight or ten such volumes of figures, 
to be increased in time, we hope, by the four Biela volumes, 
form a monument to a true, devoted, gentle scholar of science. 
You will not wonder when I tell you that he hated shams. 

Positions in 1852.—In 1852 the comet was always at a great 
distance from the earth (fig. 6), and only to be seen through the 
largest telescopes. The changes of size and eee of the two 
comets were remarkable, and as they could but just be seen, 
sometimes one and sometimes the other alone was visible; 
which one it was that a person saw at any time was only told 
by computation afterward. 

The two comets were now eight or ten times as far apart as 
they had been séven years before. They were at the point P, 
1,250,000 miles apart. Professor Hubbard found that he could 
not tell which comet of 1852 was preceding and which follow- 
ing, in 1845. One supposition agreed as well with the obser- 
vations as the other. 

Perhaps the knowing ones among you have noticed that the 
arc from the node to the point marked Jan. 10, in the first 
diagram is too large for one month, for in 1772 the earth passed 
the node Dec. 9. But you will notice that when the comet is 
at D, and the large planet Jupiter is near by, he draws the 
comet toward the plane of the figure. The result is to bring 
the comet down to meet the earth’s orbit farther from P. The 
node thus went back from Dee. 9 to Nov. 27, a distance of 12 
days, or 12 degrees in the circle. The figure represents this 
last orbit. By the same cause the inclination was reduced one- 
fourth, or from 17° to 12°. 

Since September, 1852 (with one doubted exception to be 
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spoken of), neither of the two Biela comets has been seen. 
In 1859 their path was to us behind the sun. In 1866 they 
should have been at the point P on the 26th of January. A 
better chance of seeing them could hardly be. ‘They were at 
all times to be away from the sun’s light, and when nearest to 
the earth not more than one-fifth the sun’s distance. The paths 
were carefully computed, and the action of all the planets, nota- 
bly that of Jupiter, allowed for. A dozen observers for months 
swept the heavens with their telescopes, but not the slightest 
trace of the comets was seen. 

Again, they should have come to perihelion a year ago last 
Autumn (Oct. 6, 1872), but, as I suppose, neither of them was 
seen. With the loss of its hero, our story would seem to come . 
toanend. I must ask your indulgence, however, for another 
chapter. - 

I suppose that each one of you has often seen a shooting star. 
On a clear night you have seen a bright point of light travel 
quickly across the sky, as though a star had been shot from its 
place in the firmament. It may, if it was a large one, have 
broken into sparks as it disappeared, or have left a cloudy train 
along part of its path for an instant; or perhaps it was so faint 
even that you could not be quite sure that you saw anything. 
Some of you have seen those shooting-stars by hundreds in 
star showers. 

Until near the close of the last century, poets dreamed, and 
other men guessed; about these objects, but knew nothing. 
Two German students, Brandes and 
Benzenberg, found out, and told us, 
that these bright flights were in Ded 
the upper parts of the atmosphere. W 
From the two ends of the city a Zi 
track always appeared to be in the Aan 
same part of the heavens. But when Zea 
one went to a village many miles , 
away, a track was seen by the / ! 
two persons (at A and B, figure A? | 
8), in different parts of the sky. === 
Hence they were able to measure the 
height of the shooting stars from the ground. 
We now know that these luminous paths are rarely less than 

40 miles or more than 90 miles from the earth. We also know 
that any shooting-star was a small body, of unknown size, per- 
haps not larger than a pebble or a grain of coarse sand even, 
undoubtedly solid, which has been traveling around the sun in 
its own independent orbit, like any planet or comet. Its path 
came within 4,000 miles of the earth’s center, and so the small 
body struck into the earth’s atmosphere. Its velocity was so 
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great—fifty or a hundred times that of a cannon ball—that even 
in our rare upper atmosphere an intense light and heat was 
developed by the resistance, and the body was scattered in 
powder or smoke. These bodies before they come into the air, 
I call meteoroids. It is only when they have reached our 
atmosphere and begin to burn that we ever see them. They 
are then within 90 miles of the ground. 

Brandes, one of the two German students spoken of, was 
riding in an open post-wagon on the night of Dec. 6, 1798, and 
saw and counted hundreds of these shooting stars or meteors. 
At times they came as fast as six or seven a minute. These 
meteors which Brandes saw that night we know now were bits 
from Biela’s comet. In November, 1833, occurred the famous 
star shower, which some of you saw. ‘T'he facts of that shower 
gave to two New Haven men, Professor T'wining and Professor 
Olmsted, the clue to the true theory of the shooting stars. 
From that date shooting stars have belonged to astronomy. 
The November meteors were admitted a new constituent of the 
solar system. Three years later, M. Quetelet, of Brussels, 

e Loe is 

found that shooting stars are to be seen in unusual numbers ~ 
about the 10th of August of each year. A few months after- 
wards Mr. Herrick made indepeadently the same discovery ; 
but he also told us of star showers in April and January. 
What Brandes had seen in December, 1798, led Mr. Herrick, 
moreover, to expect a like shower in other Decembers, and he 
asked that shooting stars be looked for on the 6th and 7th of 
December, 1838. This shrewd guess was justified, for on the 
evenings of those days hundreds of these meteors were seen 
in America, in Europe, and in Asia by persons thus induced 
to look for them. ‘These shooting stars also had once been 
parts of Biela’s comet, though this fact was not dreamed of at 
that time. 

In the course of time we came to know more about the 
meteoroids; that in general they moved in long orbits like 
comets, rather than round ones like planets; that some of them 
were grouped in long, thin streams, many hundreds of millions 
of miles long, and that it was by the earth’s plunging through 
these that we have star showers; that the space traveled over 
by the earth has in it everywhere some of these small bodies, 
probably the outlying members of hundreds of meteoroid 
streams. 

Also the periodic time and the path of the stream of No- 
vember meteoroids were found out. Then came the interesting 
discovery that in this stream, and in that of the August me- 
teoroids, lay the paths of two comets. Then Dr. Weiss of 
Vienna showed that the meteors seen by Brandes in 1798, and 
by Herrick in 1838, as well as many meteors seen near Decem- 
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ber 1 of other years, and the Biela comets, all belonged to each 
other. 

It is then properly a part of my story to show you the 
behavior of one of the streams of meteoroids. Standing several 
hundreds of miles away, see them enter the upper atmosphere. 
They are entirely unseen until they strike tne air. They then 
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come down like drops of fiery rain a few miles, in parallel lines, 
burning up long before they reach the ground (see fig. 9). 
The air is in fact a shield, protecting the men below from a 
furious bombardment. The region of the luminous tracks is 
many miles above that of the highest mountains. 

Go farther away. Parallel lines may show the paths of the 
meteoroids, though the bodies 10. 
themselves are too small to be S 
seen. They strike a little way 
into the air, to some persons 
coming from the zenith, to 
some coming obliquely, to 
some skimming through the 
upper air—and unseen jy all 
upon one whole hemisphere. 
I need hardly remind you 
that sunlight, and twilight, 
and clouds often come in to 
prevent the seeing of the star- 
flights by persons below. 

Go still farther away. From outside look in toward the sun 
upon the earth and meteoroid: stream. The meteoroids in fact 
are not to be seen. The stream is of unknown depth, perhaps 
millions of miles deep. Its density increases in general toward 
the center. We cross the densest part of the November stream 
in two or three hours, and the whole of it in 10 or 15 hours, 
while the passage of the August stream requires three or four 
days. The Biela stream is crossed obliquely, the meteoroids 
overtaking the earth. The August stream is nearly perpendic- 
ular, and the November stream meets the earth. 

Again go still farther away, out to the point from which we 
first looked down upon the earth and comet. We then see (by 
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the mind’s eye) the meteoroids strewn along the elliptic orbit 
of the comet for hundreds of millions of miles, forming a stream 
of unknown breadth, but in the scale of the first figure shown 
you, about ;'; of an inch in thickness. 

Come back now and stand inside the stream, at its densest 
part. You in fact see nothing; but the meteoroids are all about 
you scattered quite evenly, and distant each from its nearest 
neighbors 20 or 30 miles. They all travel the same way and 
with a common motion. 

Once more change your place and look up from the earth’s 
surface. The meteoroids can now be seen, for when they 
strike the air they burn with intense light, becoming shooting 
stars. As itis from this position only that we ever see them, 
note their behavior with more care. A shooting star coming 
toward you appears only as a bright stationary point in the 
sky. That point isa marked one in every star shower, and is 
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ealled tne radiant. The meteors to the right and left of the sta-_ 
tionary one are, in fact, moving in the common direction, but 
they seem to move in the sky away from the radiant (fig. 11). 

In other words, the tracks produced backward wiil all meet in 
one point in the sky (fig. 12). This radiant point may be 
in the horizon, or in the zenith, or at any place between. It 
will in general rise in the east and set in the west, like the sun 
or a star, keeping always its fixed place among the stars. 

Need I tell you how much we would like to have some of 
these bits from the meteoroid streams to handle, to try with 
the blowpipe and under the microscrope, perhaps thus to learn 
something of their history? We do have something like this. 
At times large meteor masses come crashing into the air. They 
burn with a light bright enough to be seen over several States. 
Coming down usually a little lower than the shooting stars, 
most frequently to a height of 25 or 30 miles, they break up 
with a noise like the firing of heavy artillery, to be heard over 
several counties. Fragments scattered in every direction fall 
to the ground over a region ten or twenty miles in extent. I 
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can show you several such fragments. There are over a hun- 
dred of them in our college cabinet, one of which weighs nearly 
a ton. 

Between these stone-producing meteors and the faintest 
shooting star I cannot find any clear line of division. We 
have meteors that break with a loud detonation, but no frag- 
ments are seen to fall. One such was seen in 1860 from 
Pittsburgh to New Orleans, and from Charleston to St. Louis. 
It exploded over the boundary line of Tennessee and Kentucky. 
We have others which are only seen to break into pieces, no 
noise being heard. Then we have those which quietly burn 
out. Like the larger ones, these may leave smoky trains that 
last for minutes. One such I have seen for 45 minutes as it 
slowly floated away in the currents of the upper air. 

Thus through the whole range, from the meteors that give 
us these stones and irons for our museums, down to the faintest 
shooting star hardly seen by a person watching for it, we pass 
by the smallest’ differences. They differ in size, in color of 
flame, in direction, in train, in velocity. But in astronomical 
character all seem to be alike. ‘T'hey move in long orbits hke | 
comets, and like comets at all angles to the earth’s orbit. In 
fact, a meteoroid is a small comet, not having, however, the 
comet’s tail. 

Let us turn from this long digression again to the story of 
Biela and tell you what we saw of it in November, 1872. We 
of course looked for a few fragments from the comet the last 
week in November, but not quite as early as the 24th. But on 
that evening they came, in small numbers it is true. Before 
midnight we saw in New Haven about 250 shooting stars, 
three-fourths of them from Biela. Very few of them were to 
be seen the next morning and evening. ‘Then fora day or two it 
was cloudy. But in the early part of the evening of the 27th 
they came upon us in crowds. Over 1,000 were counted in an 
hour. By 9 o'clock the display was over. But we saw only 
the last few drops of a heavy shower. Before the sun had set 
with us the shooting stars were seen throughout all Hurope, 
coming too fast to be counted. At least 50,000, perhaps 
100,000, could have been seen then by a single party of 
observers. 

Notice what was really seen. Here is a chart of the paths 
of the shooting stars as actually seen on that evening, and 
drawn with care at the time upon maps of the stars. You see 
a few stray flights cutting wildly across the others. These are 
strangers to the system. 

You see also that the paths do not, as we had reason to 
expect, all meet in one point. This is not due to errors of 
observing, for we see it in every star-shower. It is probably 
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because the small bodies glance as they strike the air, just as - 
a stone skips on the water. In fact, we often see the meteors 
glance in the air—the paths being crooked. ° 

The meteors came from the northern sky. A German 
astronomer, Professor Klinkerfues, at once thought that if this 

Fig. 13.—-METEORS SEEN IN ItaLy, Nov. 27, 1872. 

was the main body of the comet it ought to be visible as it 
went off from us. For this, however, we must see the southern 
sky. He telegraphed to Mr. Pogson at Madras in India: 
“Biela touched earth Nov. 27. Search near Theta Centauri.” 
Mr. Pogson looked for the comet and found it. On two morn- 
ings he saw a round comet with decided nucleus, and having 
on the second morning a tail eight minutes long. But clouds 
and rain returned the next day. This is the last that has 
been seen of Biela’s comet. 

Was this Pogson comet one of the two parts of Biela seen 
in 1845 and 1852? This is yet an open question among 
astronomers. It may have been, but I think it was'not. The 
Biela comets should have been nearly 200,000,000 miles away. 



H, A. Newton—The Story of Biela’s Comet. 93 

Their orbits had been computed with care. The comets, as 
single or double, had been observed for 80 years, that is 12 
revolutions, and we knew well their orbits. All known dis- 
turbing forces had been allowed for. It could hardly be that 
they should have gone so large a distance out of the way. It 
is much more probable that this was a third large fragment, 
thrown off centuries ago. The two observations made by Mr. 
Pogson were not enough to compute an orbit from, but they 
do show that his comet was very near us, and were such as 
one traveling in the Biela stream might give. But they also 
show that the earth did not pass through the Pogson comet 
centrally. 

Orbit of the Biela Meteors.—In 1798, when the earth was at 
N, and Brandes saw the fragments from Biela, the comet was 
at C (fig. 7). In 1838 Mr. Herrick and others: saw such frag- 
ments of the comet at N, 300,000,000 miles ahead of the main 
body at A, and in 1872 we met like fragments at N, 200,000,000 
miles behind the main body, which should have been at B. 
Thus the fragments are strewn along the comet’s orbit, prob- 
ably in clusters, for at least 500,000,000 miles. 
My story of Biela’s comet and of its fragments has covered 

100 years. Do we get any glimpses of its earlier life, and can 
we guess how it grew into its present shape? Yes, we may 
make our hypothesis. But we must not forget that to tell 
others how God must have made the world is bewitching to 
many minds, and that of the thousands of trials at world- 
building almost all have been grievous failures. With this 
caution let me give you a plausible form of this early story of 
Biela. 

Once upon a time, hundreds of thousands of years ago, this 
comet was traveling in outer space, among the fixed stars, too 
far away to be attracted by the sun. What I mean by this 
outer starry space may be told by the help of the pictures I 
have shown you. In them the earth’s distance from the sun 
is 10 inches, and the comet’s longest range about five feet. 
Upon the scale of these figures only a few of the nearest fixed 
stars, perhaps two or three only, would be in the State of 
Connecticut. In this starry space the comet was traveling. 
What had happened before I do not try to guess. How, when, 
by what changes, its matter came together, and had become 
solid, I do not know, nor whether, in fact, it had not always 
been solid. 

In the course of time its path and the sun’s path through 
space lay alongside of each other, and the sun drew the comet 
down toward itself. If the comet iad met no resistance as it 
ran around the sun, whether from the ether that fills space, or 
from the sun’s atmosphere, and if it had not come near any of 
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the planets, it would have gone off again into outer space 
whence it came. Some such cause robbed it of a little of its 
momentum, and it could not quite rise out of the sun’s con- 
trolling force, but it came around again in an elliptic orbit to 
remain thenceforth a member of the solar system. It may or 
it may not then have been a great comet, like Donati’s (in 
1858). It was probably a small one. It may have made its 
circuit of the sun in tens of years or in tens of thousands. 

At some time, probably in the early historic ages, it came 
near the huge planet Jupiter. When it had gone out of his 
reach it had just momentum enough left to go around the sun 
in its present orbit of 6% years. It went away from Jupiter an 
entire and single comet. As it came near the sun, his burning 
heat acting upon the cold rocky body of the comet cracked off 
and scattered in every direction small angular bits. At the 
same time a very thin vapor, shining by its own light, was set 
free. ‘To this vapor both comet and sun had an unaccountable 
repulsion. It was driven off first by the comet every way. 
But soon that which was sent toward the sun was driven back 
again, and it went streaming off into space to form the comet's 
tail, a process ably set forth by Professor Norton. 

This matter which made the tail of the comet never got 
back. It bad, moreover, nothing whatever to do with the 
meteoroid stream. The meteoroids are solid fragments. ‘To 
them the sun, at least, had little repulsion. The comet was so 
small that perhaps the force with which a boy can throw a 
stone would have sent the bits of stone entirely off the comet, 
never to come back. ‘Those which were shot forward from 
the comet near P (first figure) went up along the orbit with 
greater velocity and rose higher from the sun than the comet 
did near D. Having a longer road to travel, they took a 
longer time to come around to P in each circuit. On the 
other hand, those bits which were shot backward followed the 
comet with less velocity and could not quite rise to D, and so 
having a shorter road to go over came sooner back to P, gain- 
ing on the comet at each circuit. Thus the stream grew longer 
slowly, and new fragments being thrown off at each circuit, 
the meteoroid stream grew in length to its hundreds of millions 
of miles. At times, the main comet has broken into two or 
more parts, giving us the double comets of 1845 and 1852, the 
Pogson comet of 1872, and the double meteor stream of No- 
vember, 1872. 
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Art. VIII.—Relaiion between Direct and Counter Hlectromotive 
Forces represented by an Hyperbola; by H. S. CARHART. 

In the usual discussions respecting the relations between the 
electromotive force (H. M. I.) of the generator, the counter EH. 
M. F. resulting from the electromagnetic reactions taking place 
in the motor, and the rate at which energy is absorbed by the 
latter in the electrical transmission of power, it is implicitly 
assumed that H is constant. Thus the equation, representing the 
division of the whole electrical energy spent in the circuit in 
unit time into heat and mechanical work, viz: 

CE=C’R+W, 
is differentiated so as to obtain the first differential coefficient 
of W, with respect to ©, R and E being constants. Hence 

JG. 7 20R=0 for a maximum, the second differential co- 

efficient being negative. C is therefore equal to = or the 

current is reduced to half the value it would have with the 
motor at rest, by the reduction of the effective E. M. F. to 
one-half. : 

Tf, however, we take the equation expressing the electrical 
energy absorbed by the motor per second as the product of the 
counter H. M. F. and the current, we have, as is well known, 

AF J—Ww, or E(E-E)=RW,. . . (1) 

From this it appears that if R and W, are constants, H,(H,—E,) 
is also a constant. But when the product of two factors is a 
constant, their sum is a minimum when they are equal to each 
other. It follows that the sum of H, and H-E, or H, is a 
minimum, when H,=E—H, or when E,=4H. By substitu- 
tion in equation (1) i= VBW.. 

With an assumed amount of work spent upon the motor per sec- 
ond and a given resistance kh, H has a minimum value equal to 
twice H. This corresponds with Jacobi’s law of maximum rate 
of working, or greatest electrical activity and constant H. M. F. 
Hyidently the conditions of greatest activity and constant H. M. 
F’. of the generator are identical with those of constant energy 
absorbed by the motor and minimum HE. M. F’. of the generator. 

Equation (1) gives 

—EE=—RW, . : SRR eaves (2) 

an equation of the second degree and therefore of a conic sec- 
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tion. On applying the proper criterion it readily appears that 
the locus of this equation is an hyperbola. For the purpose of 
a graphical representation of the continuous relation between K 
and H,, let us assume R. W, equal to 225; minimum E will then 
equal 30 units. 

Solving equation (2) for HK, and substituting in the result suc- 
cessive different values of EH as the independent variable, we 
obtain corresponding values of E, which satisfy the equation. 
Kach assumed value of E gives two plus values of EH. The 
hyperbola I is thus plotted, making the assumed values of E 
abscissee and the corresponding ones of H, ordinates. 4, is 
considered essentially positive. 

By a comparison with the most general equation of a conic 
section, the constants of this particular one may be deter- 
mined. 

Thus independently of the assumed value of RW_,, ?=4+ v8 
and e=1:0824, the other value of e making n imaginary. 

1 : : 
Also cos Was and a=22° 30’, the minus value of the cosine 

not being admissible because then m would become negative. — 
But all values of EH are positive, and hence m cannot be neg- 
ative. 

Since the cosine of the angle between the transverse axis of 
an hyperbola and its asymptotes is the reciprocal of ¢, it follows 
that the asymptotes of this curve are the axis of X and the 
diagonal OG, the angle between them being 45°. The charac- 
ter of the curve is thus entirely determined without knowing 
the value of RW,. 

Assuming now RW, equal to 225, the coordinates of the 
focus are m = 32°96 and n = 13°65. 

It is evident also from the properties of the hyperbola that 
m and 7 in this case equal A and B respectively. The perpen- 
dicular distance of the directrix from the origin is 80°45. | 

A number of inferences can be drawn directly from the curve 
by inspection. Itis seen that E is a minimum when it is double 
K,. At this point the hyperbola is tangent to an ordinate ; the 
point of tangency will travel along the line OF, away from the 
origin or toward it according as the assumed value of RW, 
increases or diminishes. Ue is therefore the line of minimum H 
and its equation is H,=% H. 

The electrical efficiency at any point of the curve, being the 
quotient of H, by H, is the tangent of the angle which a line 
drawn from the point to the origin makes with the X-axis. 
The efficiency at Tis the tangent of the angle TOK, or one-. 
half. ‘The electrical efficiency increases from zero, when H, 
is zero and EH is infinite, to unity, when H, equals E and both 
are infinite ; the angle, whose tangent is the measure of the effi- 
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ciency, is then the angle between the asymptotes, or 45°, and 
the tangent of 45° is unity. The limits of the efficiency corres- 
poud to the points where the curve touches the asymptotes. 

It is also evident that near the point where H is a minimum 
H, increases most rapidly. That is, near the point where the 
efficiency is one-half it has its greatest increments. Beyond 
an electrical efficiency of about 75 per cent. the direct and 
counter electromotive forces increase in nearly the same ratio, 
and the efficiency therefore increases very slowly. 
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EK and E, denote direct and counter electromotive forces; C current and R 
resistance in circuit connecting generator and motor; W the total electrical en- 
ergy contributed by the generator, and W, the electrical energy absorbed by the 
motor in unit time; e the eccentricity ; A and B the semi- -axes; m and n the 
codrdinates of the focus of the hyperbola; athe angle between the axis of X and 
the axis of the conic section. 

The diagram shows, further, that E, and C pass through cor- 
responding series of values, but in the inverse order, The 
current is proportional to H—E/, the resistance being constant; 
and since the intercepts of a secant between an hyperbola and 
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its asymptotes are equal, that is, AH equals DR for instance, 
_ when the counter H. M. F. passes through the series of values 
represented by the ordinates DR, CQ, TS, BQ, AR in succes- 
sion, the current will be proportional to AR, BQ, TS, CQ, 
DR in succession. With the condition that the motor absorbs 
a constant amount of energy per second, the current is a maxi- 
mum when the counter HK. M. F. and the electrical efficiency 
are a minimum: and it diminishes continuously as the effi- 
ciency increases. : 

If now the the constant chosen is not the rate at which 
energy is absorbed by the motor, but the electrical energy con- 
tributed by the generator per second, we then have the equa- 
tion 

cpa Eh) _w, or K*’—KE =W : (3) 
vu 

This is again an equation of the second degree and its locus is 
the hyperbola II. Its axis makes an angle of 157° 80’ with the 
axis of X and its asymptotes are OG and the axis of Y. Its 
eccentricity is 2°613, the second value obtained from the equa- 
tion e=4+ ./8, the other value being the eccentricity of hyper- 
bola I. 

In this case the two machines and the conductor joining 
them form a system the only condition laid down being the 
constancy of RW. Hence the relation between EH and H, may 
be found either when the motor is driven by the current and 
furnishes counter HK. M. F., or when it is driven by mechanical 
means so as to contribute to the direct H. M. F. If the motor 
is actuated by the current then EK has its minimum value when 
E,=0, or at the point where the hyperbola crosses the axis of 
X; but if the motor dynamo contributes E. M. F. in the same 
direction as that of the other machine, then EK may diminish 
still further, even to zero in the limit. In this case RW repre- 
sents still the energy furnished by the generator, but not the 
total electrical activity per second. The part of the hyperbola 
lying below the axis of X corresponds to values of HK and H, 
obtained when the motor is driven mechanically so as to fur- 
nish direct H. M. F. 

In the first curve any assumed value of E greater than the 
minimum gives rise to two values of H, both positive. In the 
equation of the second curve the substitution of a positive 
value of EK, gives two values of H, one positive and the other neg- 
ative, indicating another branch to the curve. ‘This other 
branch represents the relation between H and H, when the part 
played by each machine is reversed, the motor becoming the 
generator, and the generator becoming the motor by being 
driven electrically. 
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In curve two the efficiency is measured in the same way as" 
before. Again it is seen to increase as the electromotive forces 
increase. The current, represented by the intercepts of the 
ordinates between the hyperbola and its asymptete OG, de- 
creases as the efficiency increases. The same was true in the 
other case. 

It remains only to point out that Jacobi’s law of maximum 
rate of working applies only under the condition of a constant 
H. M. F. in the electric supply. 

This will be evident upon careful inspection of the diagram. 
The energy spent upon the motor per second is represented by 
H(H—H_,); the electrical energy supplied by the source per 
second, by H (H—E.). 

The first expression is the product of the two parts into which 
the line denoting H is divided at any point by curve L. Since 
OG bisects the angle between the two rectangular axes, the 
ordinate of any point of this line equals the abscissa of the 
points of the hyperbola through which it passes. Thus KQ 
equals OQ or H, the direct EH. M. F. corresponding to the points 
B and C of the curve. Hence BK equals H—H,; and the pro- 
duct of BK and BQ, or the area of the rectangle BMPQ, is the 
constant RW, of the equation of this hyperbola. The area of 
all such rectangles is the same for this curve. Inasimilar way 
the area of KLPQ is the rate at which electrical energy is sup- 
plied to the circuit; and the difference between the two rectan- 
gles, or the square KLMB, is the heat waste per second at this 
point of the curve. 
Now while the area of the first class of rectangles is the same 

for all points of the curve, that of the second and of the squares 
diminishes as HE, and the efficiency increase from point to point 
along the curve in the direction D, C, T, B, A. 

Tf the same analysis is applied to curve II it will be found 
that the area of the rectangle expressing the electrical work 
spent upon the motor per second increases, the rectangles deno- 
ting the rate at which energy is supplied by the generator 
all equal RW, and the area of the square representing the 
waste in heat diminishes from point to point, as H, H, and the 
efficiency increase. 
We may therefore distinguish three cases, R being constant - 

in each case: 

First, When E is constant. 
Then W, is a maximum when E, is half E by Jacobi’s law. 
The electrical efficiency increases with E.. 
The current diminishes as E, increases. 
W diminishes from a maximum.-to zero when the efficiency is 

unity. 
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Second, When W, is a constant. 
Then E is a minimum when E, is half E. 
The electrical efficiency 1 increases with E. 
The current diminishes as E, increases. 
W diminishes from infinity to W, when the efficiency is unity. 

These are the limits. 
Third, When W is a constant. 

Then Wis a maximum only when the efficiency is unity, 
in which case E and EK, are infinite. 

E has a minimum value of / RW when E, is zero. 
(The case of the motor driven mechanically is not included.) 
The electrical efficiency increases with E.. 
The current decreases as E, increases. 

Jacobi's law applies only to the first case. When a battery 
is to be employed to run an electric motor, then EH is the proper 
term to consider constant; but if it is required that the motor 
furnish a definite amount of power, then the graphical illustra- 
tion of hyperbola I shows that E has a minimum value and 
points out some of the conditions of high efficiency. 

ART. 1X.— Tendril Movements in Cucurbita maxima and C. Pepo ; 
by D. P. PENHALLOW. 

(Continued from page 57.) 

OBSERVATIONS upon the movement of both tendril and ier- 
minal bud were made both day and night for an entire week, 
and thus the motion of each arm, for almost its entire period of 
activity, was secured. Temperature and other meteorological 
conditions were noted at each observation, taken during the 
night at intervals of an hour—sometimes less—and during the 
day as often as seemed necessary from the activity displayed, 
thus frequently at intervals of two minutes. 

Tendril No. 1. 

At 9.80 in the morning of August 12th, one of the longest 
arms was selected after it had been sometime uncoiled, and its 
movements were noted until there was no further motion. The 
entire time over which the observations extended was ten 
hours and thirty minutes. During this time, the tendril tip 
traversed a distance of 343°15™, giving an average movement 
of 0°54™ per minute. 

The greatest rate of movement at any one time was 2°06™ 
per minute, and occurred two and one-half hours after the 
wave of maximum temperature had passed. The waves of 
most rapid motion extended from 2.30 to 4.30 P. m., closely 
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following the greatest heat wave. The waves of slowest mo- 
tion covered the time from 10 A. M. to 2.30 P. M., coincident 
‘with a rising temperature. The absolute minimum of motion 
occurred just before the maximum of temperature and was at 
the rate of 0-21°" per minute. At 4 o’clock in the morning, a 
heavy rain ceased. ‘The air was still surcharged with moisture, 
and the sky was entirely overcast with heavy clouds. It was 
while this condition lasted that the waves of slowest motion 
occurred, the minimum being found during the interval from 
12.15 tolp.m. At the latter hour the clouds broke and the 
sup came out brightly and so continued until 6 P. M., when the 
sky again became overcast and rain set in at 7 o’clock. While 
the sun was out, the tendril was most active, absolute maxi- 
mum of movement taking place in the five minutes from 3.25 
to 3.30 Pp. M., the whole distance traveled in that time being 
16:30. 

The first direction of movement was to the right. This, 
however, was obviously purely accidental, since the direction 
first recorded must depend upon the time of first observation, 
dextrorse alternating with sinistrorse action during the whole 
movement of the tendril. The entire motion to the right 
amounted to 190-8"; that to the left reached a total of 152°35™ ; 
the ratio of the one to the other thus being as 1: 0°79. 

Tendril No. 2. 

The second tendril was selected on the 18th of August, at 8 
o'clock sa. M. It was a shorter arm than No. 1, and rather 
nearer the end of its activity. The time of movement was 
six hours and fifteen minutes, and the entire distance traveled 
was 136:00™, thus giving an average rate per minute of 0:36". 

The absolute maximum of movement was 1°76 per minute 
and occurred from 10.15 to 10.20 a..m., forty-five minutes be- 
fore the maximum temperature for the day was reached. The 
waves of most rapid movement covered the time between 8 
and 10.50 A. M., coincident with increasing temperature. ‘The 
waves of least motion occurred between 10.50 a. M. and 2 
P. M. during a slight depression of temperature. The abso- 
lute minimum was reached between 10.50 and 12.15 M., and 
amounted to0179™. It directly succeeded the maximum of 
temperature. During the entire time of observation, the weather 
was very pleasant, though somewhat cloudy. At twelve 
o'clock, the leaves began to droop from the effects of excessive 
transpiration and heat. his continued until after the close of 
observation. It was during this time of depressed activity and 
reduced tension, that the minimum of motion occurred. Dur- 
ing the entire morning, all the leaves and flowers showed great 
vigor, and it was while in this condition that most active move- 
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ment took place. The first motion observed was to the left, 
and was not replaced by dextrorse movement for some time. 
The entire sinistrorse action was 94:20. The dextrorse was 
41:80™, a ratio of the latter to the former of 1: 2°25. 

Tendril No. 3. 

The time of observation was ten hours and thirty minutes, 
commencing at ten o’clock A. M., on August 13th. The total 
length of movement was 32930, and the average rate per 
minute was 052°". The times of greatest movement were 
from 1 to /3.15 P. M., and from 5.15 to 8 P. m.; the former 
occurring at the time of the wave of maximum temperature, the 
latter during a diminishing temperature. The absolute maxi- 
mum of motion was 8°55™ per minute, and occurred during 
the two minutes from 1.50 to 1.52 P. M., succeeding the maxi- 
mum temperature by two hours and fifty minutes, at a time 
when there was a slight temporary depression of temperature. 
The distance traveled in this short interval was 710™. 

The time of least motion was from 12.15 to i Pp. m., during 
the time of greatest heat, and again from 3.15 to 5.15 P. Mw, 
following a diminution of temperature. The absoiute mini- 
mum of motion was 0:013° per minute, and occurred from 
12.15 to 1 P. M. on a decreasing temperature, and following the 
maximum temperature by one hour and fifteen minutes. Dur- 
ing this time, the weather was pleasant but somewhat cloudy. 
From 11 a.m. until 5 Pp. m. all the leaves and flowers were 
drooping, indicating a weak vital action through excessive 
transpiration. 

The first movement recorded was to the right, soon suc- 
ceeded by a reverse to the left. The entire amount of the 
former was 261:50™; of the latter, 67°80; the ratio of 
dextrorse* to sinistrorse being as 1: 0°25. 

Tendril No. 4. 

This tendril was taken August 14th at 8 o'clock A. M., but 
so late in its growth that only twelve movements were ob- 
tained. ‘These covered seven hours and fifty minutes in all. 
The whole length of movement was 66:20, and the average 
rate per minute was 014™. At no time was there any ex- 
hibition of very great activity, the tendril appearing to move 
as if in the last stages of growth, which it really was. The most 
rapid movement appeared at 9.41 to 9.50 A. M., the extremity . 
passing through 7.70™ in nine minutes, an average rate of 
0-85" per minute. This coincided with the highest temper- 

ature and was just prior to a fall of two degrees. The time of 
* Dextrorse and sinistrorse are applied upon the supposition that we stand at 

the base and look to the tip of the tendril. 
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least activity was from 9.50 4. M. to 8.50 p.m. The absolute 
minimum of motion was from 2.10 to 3.50 P. M., amounting to 
0-031 per minute. It occurred on a decreasing tempera- 
ture, five hours and fifty minutes after the maximum tempera- 
ture had passed. During this time the sun was shining brightly, 
though its effect was somewhat modified by numerous clouds. 
From twelve o'clock to the close of observations, during the 
time of least activity, the leaves and flowers were all depressed 
from the effects of the heat. The movements as first recorded 
were to the left, but after two courses changed to the right. 
The total dextrorse movement was 184™; the sinistrorse 
47-80™; thus giving a ratio of 1-: 2°6. 

Tendril No. 5. 

No. 5a.—This tendril was selected August 18th at 4 P. M., as 
soon as it had straightened out from the bud, and very nearly 
the first nutations were obtained. Observations were inter- 
rupted after a few hours and not resumed until the next morn- 
ing. The entire length of movement was 107°60™, occupy- 
ing four hours and thirty minutes, thus giving 0°39 as the 
average rate per minute. The greatest movement was at the 
rate of 1:44°™ per minute and occurred from 4 to 4.05 P. M., 
at the very commencement of action and observation. The 
time of greatest movements occurred from 4 to 4.385 P. M., and 
again from 5.30 to 7 P. M., coincident with decreasing tempera- 
ture. 

Least activity was noticed at 7.55 to 8.10, when the tip moved 
at.the rate of 0°13™ per minute. This occurred at the time 
of lowest observed temperature, the thermometer standing a 21° 
C. The time of best movements was found to extend from 4.35 
to 5.30, and again from 7 to 8.50 Pp. M., when the observations 
ceased. ; 

At the commencement of observations, the sun was shining 
brightly and its effect was sufficiently strong to cause a de- 
pression of all the leaves and flowers. Shortly after observa- 
tions ceased, the sky became cloudy, and at nine o’clock there 
was a heavy shower, which revived the plant and brought all 
the parts once more into active condition. The first recorded 
movement was to the left, action in this direction predominat- 
ing during the time of observation. The entire movement to 
the right was 18:80™; that to the left was 88°80, giving a 
ratio of 1: 4°72. 

No. 5b-c.—This tendril was the same as 5a, observations 
upon which were interrupted at 8.30 Pp. M., August 13th, and 
resumed the next morning at 8 o'clock, continuing through the 
14th and 15th. During the night the arm was quite active, 
and in the morning showed no tendency whatever to discon- 
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tinue its nutations. From the time indicated, observations 
were continued for twenty-three consecutive hours. The entire 
distance traveled during that time was 511:70™, thus giving 
an average rate of 0°37 each minute. The number 5b-c 
was given to indicate a change of recording papers. This oc- 
curred at 6.20 P. M., at a time when the tendril tip bad drooped 
to the ground and did not resume its movement until 8.35 P. 
M., when the nutations continued as before. 

The time of most rapid movement was during the two 
minutes from 4.55 to 4.57 P.M., on a descending tempera- 
ture, and five hours after the maximum wave had passed. The 
total rate of movement was 455™ per minute. The times 
of most rapid movements occurred from 8 to 10.20 A. M.; 1.30 
to 2P.M.; 4to5 Pp. m., and 10.53 to 11.05 P. M.; the maxi- 
mum of these being from 4 tod Pp. M. The absolute mini- 
mum of motion occurred from 4 to 5.04 A. M., when the tip: 
traveled at the rate of 0°048°" per minute, this being at a 
time of low temperature. The times of least movement were 
from 10.20 a. mM. to 1.30 Pp. M.; 2to4 P.M; 5.80 to 10 P. M. 
and from 11.05 during the remainder of the night and until the ~ 
end of the experiment at seven o’clock in the morning. There 
appears in these observations a very sharp division at 5.30 P. 
M., between the waves of more rapid daily movement and the 
waves of slower motion during the night. 

The experiment commenced with very pleasant weather and 
all parts of the plant in vigorous condition, the leaves being 
erect and the flowers open. From 12 m. to 4 P. M. the leaves 
were drooping and the activity of the plant small. This, with 
the exception of one-half hour from 1.30 to 2 P. M., was a time 
of slow movement. At 4 o’clock P. M., the leaves began to 
resume their normal, fresh appearance, and so continued until 
the close of observations. ‘Towards morning a very heavy fog 
gathered and reached its maximum at four o’clock, the time 
when the absolute minimum of motion occurred. 

Sinistrorse movement was first noticed. In the movements of 
this tendril, there appeared a greater equality between right 
and left motion than was noticed in any of those previously 
experimented upon. The entire dextrorse movement was 
282°10™; the sinistrorse 229°60™, a ratio of 1: 0°81. 

Tendril No. 6a-b. 

As in the preceding case, the letters a—b designate a change 
of paper. This occurred at 7 o’clock P. M., while the tendril 
was quite active, but it in no way disturbed the movement, 
The filament was selected August 14th at 1.15 p. m., when a 
short time from the bud, and observations were continued con- 
secutively for eighteen. hours and fifteen minutes. The dis- 
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tance traveled by the tip during this time was 327:80, an 
average of 0-29™ per minute. 

Most rapid movement occurred from 6.50 to 6.52 P. M., at 
the rate of 650™ per minute. This was on a decreasing tem- 
perature, and six hours and fifty minutes after the wave of 
maximum temperature had passed. The time of greatest 
movement was from 3.50 to 7.10 P. M., on a decreasing tem- 
perature. The least motion was 0047 per minute, and oc- 
curred at 11.25 a. M. to 12.35 P. M., on a decreasing temperature, 
and within three degrees of the lowest phase of the thermal 
wave. The times of least movements were from 1.15 to 3.00 
P. M., and from 7 Pp. M. to the close of observations. As in 
tendril 5 bc, there was in thisa noticeable distinction between 
the waves of more rapid diurnal motion, and those of slower 
nocturnal movement. ‘The time of division was 7 P. M. 

The tendril commenced action with a dextrorse movement, 
and here was noticed a greater equality between right and left 
than in even the previous case. The whole movement to the 
right was 166:10™; that to the left 161:70, the ratio, there- 
fore, being as 1 : 0°97. 

At the commencement of observations, the sun was bright 
and the temperature high. The vitality of the plant was much 
depressed and the action slow, all the leaves drooping from 
excessive transpiration. This continued until 4 P. M., during 
which time there were slow waves. At 4 o'clock the plant 
revived, the leaves became erect and the normal condition and 
activity were once more restored. From that time until sunset, 
the waves of greatest movement occurred. The sky was clear 
until after midnight, but slow waves continued throughout the 
remainder of the night, with a slight acceleration just after 
sunrise. 

Tendril No. 7. 

No. Ta.—Observations commenced August 16th, at 9 o’clock 
A.M., and were continued for ten consecutive hours. The 
total distance over which the tip moved during this time was 
227-10, or at the rate of 0:38 per minute. 

The time of most rapid movement was from 5 to 5.20 P. M., 
when the tip moved 0:92™ per minute. This, occurred just 
at the outset of a rapid decline in temperature, and six hours 
after the maximum of temperature had passed. ‘The time of 
greatest movements was from 3.15 P. M. to the close of obser- 
vation at 7 o'clock, and w:is coincident with a rapid decline in 
temperature. ‘The time of least movement was from 1.42 to 
2.25 P. M., the tip moving at the rate of 0:053°" per minute. 
This was during high temperature, but one hour and forty-two 
minutes after the maximum had passed. The waves of least 
motion were found from 9 A. M. until 8.15 P. M., with a marked 
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retardation toward the latter hour. These waves were coinci- 
dent with the greatest heat wave, the greatest retardation of 
motion occurring after the maximum of heat had passed. 

The experiment commenced with the sky clear and the plant 
in an active condition. As the heat increased, however, its 
effects upon the plant were noticed, and at 12 o'clock, with 
the thermometer at 34°4° C.,.the leaves drooped and the whole 
plant was in a very flaccid condition. During this time the 
waves of slowest motion occurred. This condition continued 
until, with considerable fall in temperature during the after- 
noon, the normal tension and activity of the plant were restored, 
when the waves of greatest movement were noticed. The entire 
dextrorse movement of the tendril was 92°90°, the sinistrorse 
134-20", and the ratio was, therefore, as 1: 1.44. 

No. 7b.—This was the same as the preceding, observations 
upon which were discontinued during the night, but resumed 
on the morning of the 17th at 8 A. M., and carried over a period 
of seven hours and fifty minutes. The entire movement during 
this time was 94:40™, giving an average rate per minute of 
0-205. Most rapid movement was at the rate of 0°555™ — 
per minute, and occurred from 8 to 8.15 A. M., at the very com- 
mencement of observations and on a rising temp-rature, six 
hours before the maximum was reached. The waves of most 
rapid motion were found from 8 to 11.80 4. m. Least move- 
ment took place at 1.30 to 2 P..M., at the rate of 0°08™ per 
minute. This was just at the time of maximum temperature. 
The waves of least motion were found from 11.30 a. M. to the 
close of observations at 3.40 P. M., coincident with a rising and 
maximum temperature. 

Observations commenced with moderate temperature, clear 
sky and an active condition of the plant, continuing thus dur- 
ing the time of greatest movement until, at 11 o’clock, the 
leaves became depressed from the effects of heat, and from 
11.30 on, the waves of slow motion were found. At 12 M. the 
sky was overcast and the air loaded with moisture. At1P. M. 
the leaves were restored to their normal condition and erect 
position. At the same hour rain commenced and continued 
during the remainder of the experiment. 

The total movement to the right was 25:°10™; to the left 
69°30, and the ratio was, therefore, as 1 to 2°76. 

Tendril No. 8. 

No. 8a.—This filament was selected August 16th at 9 A. M. 
The time of observation covered a period of nine hours and 
fifty minutes, or until 6.50 Pp. Mm. The entire movement during 
this time was 31450, giving an average rate per minute of 
0'516™. The time of greatest movement was from 3 to 3.15 
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P. M., and the rate per minute 1:20™. This was on a de- 
creasing temperature, four hours and fifteen minutes after the 
maximum. ‘The waves of greatest movement were found from 
2 p. u. until the end of observations, and during a diminishing 
temperature. The time of least movement was from 11.25 to 
11.40 A.m., and the rate per minute 0:166™. This was at 
the time of maximum temperature. The waves of slowest 
movement extended from 9 A. M. until 2 P. M., with slight 
acceleration of movement toward the latter hour. 

Observations commenced with a bright sun and the plant in 
active condition. At 12 o’clock the leaves drooped, with the 
thermometer at 34°4° C., and this condition continued until 
early in the afternoon, when they revived, with decrease of 
heat. It was during the passive condition of the plant that the 
slowest movements were observed, the more rapid waves occur- 
ring with renewed vigor and active condition. The entire 
dextrorse movement was 1438°10°™; the sinistrorse 161:40°, 
and the ratio was, therefore, as 1: 112. 

No. 8b.—Observations were resumed at 8 o'clock A. M. of 
August 17th, and were extended over seven hours and forty- 
nine minutes. The distance which the tip traveled during this 
time was 225:00, or at the rate of 0:-483°" per minute. The 
greatest movement was at the rate of 2°60™ per minute, occur- 
ring from 3.40 to 3.45 Pp. M., at the very close of observations, 
and one hour and forty-five minutes after the maximum of 
temperature. The waves of most rapid movement were from 
3.15 to 3.45 P. M. 

Least movement occurred at 10.15 to 10.30 A. M., at the rate 
of 0:10 per minute. The waves of least motion extended 
from 8 A.M. until 3.15 P. M., coincident with a rising and 
maximum temperature. Observations commenced with a 
bright sun and the plant active’ At 11 o’clock a. M., just 
thirty minutes after the minimum of motion occurred, the 
leaves were all drooping as a result of excessive transpiration. 
At 1 o’clock P. M., it was raining, and the normal activity of 
the plant was restored. This continued until the close of ob- 
servations. The entire dextrorse action was 103°50™; the 
sinistrorse 121°50™, and the ratio therefore as 1: 1:17. 

No. 8c.—Observations upon No. 8ab were resumed on the 
17th of August at 5 o’clock p. M. and extended over fifteen 
hours. Apparently on account of its age, and the time of 
observation, the entire movements were slow, amounting in the 
fifteen hours to only 159:00™, giving an average rate per min- 
ute of 0:176™. The greatest movement was at 7.12 to 7.28 
P. M., at the rate of 0°65°™ per minute. The waves of most 
rapid movement were from 5 to 7.30 P. M., with a slight accele- 
ration in the morning. Least movement was found at 2.30 to 

* 
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3 P. M., at the rate per minute of 0-023, occurring at the time 
of minimum temperature. The extreme variation of tempera- 
ture during the hours of observation, was only 2° C. A light 
rain fell during the greater part of the time, and heavy clouds 
obscured the sky the remainder. The movement to the right 
was 117.60; to the left 41:40, and the ratio therefore, as 
1: 0:35. 

Tendril No. 9. 

The last tendril experimented with was selected August 17th 
at 6 o’clock Pp. M. It was in the last stages of movement, and 
exhibited the least horizontal movements of any upon which 
observations were taken. ‘The whole length of movement was 
191:30™; the time sixteen hours and forty minutes, and the 
consequent average rate per minute was 0°191™. 

The greatest movement was from 7 to 7.06 A. M., at the rate 
of 2°17 per minute. This occurred in a slightly increasing 
temperature. The waves of most rapid movement were from 
5to9 A.M. The least movement occurred from 9.30 to 10.00 
P. M., at the average rate of 0°02™ per minute. The waves of 
slowest movement were found from 6 P. M. until 5 A. M. 

The temperature varied only three degrees during the entire 
time of observation. From the commencement until 10 o’clock 
Pp. M., light rain fell and the sky was entirely overcast until the 
close of observations. At 5 A. M., there was a cool east wind 
with a very large amount of moisture in the air, and the plant 
was apparently in a very active condition. At the close of 
observation, heavy rain commenced to fall. The total dex- 
trorse movement was 160:40™; the sinistrorse 30°9™; and the 
ratio as 1: 07181. 

Terminal Bud. 

For experiment, there was selected a good terminal bud 
upon the extremity of a vigorous vine growing directly from 
west to east. The observed movements were chiefly in verti- 
cal direction, those in a horizontal plane being, apparently, not 
so conspicuous. The total movement was 96°90™ at the aver- 
age rate of 0:065™ per minute, the observations extending 
over fifteen hours and twenty- eight minutes. As might be 
expected, this movement was much slower than that of the 
tendrils, but at the same time, sufficiently rapid and continu- 
ous in a given direction, to make the observations very easy. 
In this cireumnutation, geotropism and heliotropism exert an 
important influence upon the figure described by the tip as the 
result of growth. The end of the vine is constantly turned 
upward, and during a certain time becomes more and more ele- 
vated, finally falling back towards the ground. This is re- 
peated continually during the entire growth of the vine, the 
change usually taking place once each day. 

4 
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The greatest rate of movement was found to be 0°42™ per 
minute and occurred from 10.10 to 10.40 A. M. on a rising tem- 
perature. The least movement was from 11.30 to 12 M., at the 
rate of 0:°015™ per minute. 

During the time of observation, the temperature was quite 
uniform, varying only three degrees. The sky was overcast. 
during the night and the air was loaded with moisture. At 
5 A. M. there was a cold east wind, but this did not seem to in- 
terfere with the activity of the plant. The closing observa- 
tions were taken in a hard rain, which commenced at ten 
o'clock. The entire dextrorse movement was 60°10™; the 
sinistrorse 36°80, and the ratio as 1: 0°61. The whole range of 
vertical movement in which the effect of geotropism was very 
evident, was 17-60; negative heliotropism (?) 16:90™ ; posi- 
tive heliotropism (?) 10°30™. 

Collateral to the observations concerning movements, it was 
deemed wise to collect all other facts which, through any ex- 
planation of the general phenomenon of growth they might 
afford, would throw light upon the special question under con- 
sideration. It was with this view that the following facts con- 
cerning growth in both vine and fruit were collected. 

Growth of the vine. 

To determine the hourly growth of the vine, a board, suit- 
ably marked off into a scale of inches and tenths, was placed 
in a vertical position at one side of the growing extremity and 
parallel with it. The scale was placed at one side rather than 
beneath in order to avoid inaccuracy which might arise through 
the vertical movement of the terminal bud, which would of 
course, at times, bring it some distance from the scale. Read- 
ings were taken every hour. Observations were continued for 
158 hours, almost consecutively. The entire growth of the 
vine during that time was 89°-40™, giving an average hourly 
growth of 0'566™. The most rapid rate of growth was 1:015™ 
per hour. This rate was reached eight times out of the 158 
and, with one exception, occurred at noon, between the hours 
of 12 M.and2p.m. This rate was also obtained under the 
influence of high temperature. 

The slowest rate of hourly growth was 00:00". This oc- 
curred only once, at 8 o'clock P. M., and was due to no appar- 
entcause. Minimum movements of 0:253™ frequently occurred 
The waves of least movement were obtained at or soon after 
midnight, consequently at a time of low temperature. 

The entire growth of the vine during the night was 84:287°™.* 
The entire growth during the day was 44-447, and the ratio 

* All the observations are not included here, as some must of necessity be left 
out to equalize hours of day and night. 
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was thus as 1:1:29. The hours of night were reckoned from 
7 P.M. to 7 A. M., consequently those of day from 7 A. M. to 
7Pp.M. The average rate of growth for the night was found 
to be 0°49™ per hour, that for the day 0°633™, or as 1: 1:29. 

The hourly variations were much more regular when the 
temperature was low, or, under a high temperature when, ow- 
ing to the moisture in the air, transpiration was not excessive 
and the normal tension of the tissues was maintained. When, 
however, under conditions of high temperature and dry atmo- 
sphere, transpiration was great and all the leaves, flowers and 
terminal bud drooped in consequence of the resulting release 
of tension, then the variations became more irregular. We 
find then, so far as this goes, that while growth is continued 
through the night, it is much greater during the day ; that the 
higher the temperature the more rapid the growth; that exces- 
sive transpiration interferes with regularity in growth and even 
retards it. 

Growth of the Squash. 

To determine the rate of growth in the squash, and the mod- 
ifying conditions, care was taken to select a young fruit without 
blemish, and to preserve the vine upon which it grew from 
injury. One of Fairbanks’ platform scales was drawn close to 
the vine and securely fixed in position. Upon it was then 
placed a wooden cradle adapted to the form of the squash. 
The latter was allowed to lie upon a layer of hay to preserve 
it from injury. The vine was carefully drawn up and allowed 
to pass by one end of the cradle. The whole arrangement was 
carefully balanced before and after placing the squash, and the 
latter was found to weigh just 61 pounds, at the beginning of 
the experiment. The weight was taken every day at one 
o'clock p. M. The following table will show the results. 

Growth of the Squash. 

Date. Mean temp. Total weight. Daily increase. 

Aug. 9, DA-021O: 61 0-0 
10, Wail 64 fon BO) 

hs 23°1 67 3:0 

12, 23°9 12:5 5°5 

13, 23°9 75°5 3°0 

14, 24:9 ial 2°0 

15, 25-9 80:0 SS 

16, QA-2, 83:0 3:0 

IG Pile 86:0 3°0 

18, 19-3 88°5 9°5 

Totals, 235°9 755°0 DHE 

Means, 23°59° C. 75°5 3°05 

et 
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From this it will be seen that the entire gain in weight, 
during the nine days of experiment, was 27-5 pounds, ora daily 
average of 3:05 pounds, the greatest gain for any day, occur- 
ring August 11th and 12th, and amounting to 5°5 pounds for the 
twenty-four hours. During this time the sky was obscured by 
rather heavy clouds, and showers were of frequent occurrence. 
The temperature was moderately high, the average for the 
twenty-four hours being 22°6° C. 

The least gain was noticed August 13th and 14th, and 
amounted to 2‘) pounds. During the hours of day, the trans- 
piration from the plant was excessive, and all the leaves, buds 
and flowers were drooping. During the night, there was a 
light shower. The temperature was quite high, averaging 
25° C. for the twenty-four hours. About the first of September, 
when the squash was taken from the scales, it weighed 96 
pounds. 

General Summary. 

Average rate of movement. It is tolerably safe to assume that, 
from an ageregate of 486 distinct and complete observations 
upon the motion of the tendrils under all conditions of temper- 
ature, sun and humidity, some figures can be obtained which 
will represent pretty nearly, the true normal rate of movement, 

5. under all the conditions to which the plant is ordinarily sub- 
jected. This we find to be 0°351™ per minute. 

Maximum rate of movement. By reference to the following 
table, it will be possible to trace the relation which movements 
of greater and less rapidity bear to the temperatures for corres- 
ponding periods, and thus determine the specific influence of 
higher or lower temperature in promoting activity. 

Relation of Rate of Movement to Temperature. Degrees C. Distances in centimeters. 

=i 2 3 4 5a | 5be | 6a-b| Ya 7D 8a 8b 8¢ 9 Means. 

Average rate 
\ per minute _| 0°54 | 0°36 | 0°52 | 0°14 | 0°39 | 0°37 | 0:29 | 0°38 | 0°205} 0°516| 0°483] 0°176| 07191] 0°351 

| Max. rate of 
movement--} 2°06 | 1°76 | 3°55 | 0°85 | 1°44 | 4°55 | 6°50 | 0°92 | 0°555) 1°20 | 2°60 | 0°65 | 2°17 | 2°216 

Tem. for max. 
Tate MOve...|28:°3 |261 |27°8 (85:5 |27:2 |30°9 |24:4 |29°0 |20°0 [81% |22°2 [20° [21-1 | 26° 

Minimum rate | 
of movem’nt| 0°21 | 0°18 013) 031 | 0°13 043) °047| 053) 0°08 | 07166} 0°10 | 0°023) 0°02 | 0 

Tem. for min. 
urate move.._'311  '31:7%  '29°5  '132°2 '207. 116% '211 13171 '22°8 1340 «1240 119°5  '20°0 | 25: 

We find that of the thirteen sets of observations here given, 
only four show waves of rapid movement during the morning, 
these occurring between the hours of 7.00 and 10.20, and in 
no case,—unless we make exceptions in favor of No. 9—repre- 
senting the absolute maximum of movement for the entire life 
of the tendril. The remaining nine show the waves to occur in 
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the afternoon from 1.50 to 7.12 o'clock. If we now select those 
figures under 1, 3, 5 b-c, 6 a—b, 8 b, and 9,* representing the 
true maximum rate of motion in those tendrils for the entire 
period of their activity, we will find that only one occurred 
in the morning, all the “others taking place in the afternoon be- 
tween the hours of 1.50 and 6.50. 

Selecting an equal number of hours of day and night, making 
the hours of division 7 A. at and 7 P. M., we find that we obtain 
a total length of cial movement of 1359: 90°"; and of noc- 
turnal movement of 536:90, thus making the latter in the 
ratio of 1: 2°58 to the former, a difference which clearly indicates 
that temperature exerts an influence far outweighing any retard- 
ing effect upon growth which direct and bright sunlight may 
have. 

This naturally brings up a question relative to the tempera- 
ture at the time these figures were taken. The six: fioures 
already selected as representing the maximum movements, were 
found while the temperature ranged from 21°1° to 309°C. - OF 
these, the highest, viz: 6°5, 4:55 and 3°55™ were found when 
the emnneratnng: ranged from 24°4° C. to 309° C.; the other three 
giving us 2-17, 2°6 and 2° 06, were obtained between 21°1° and 
28:3° C.. We thus find that the more active of these waves 
were formed under the influence of a temperature 3°8° C. higher 
than that under which the less active were produced. We also 
observe that while the more rapid movements are propagated 
under medium temperature, the slower movements are devel- 
oped under the extremes of temperature, some higher, some 
lower. And yet again, that in the means of all the values of 
each kind, the more rapid movements are developed under a 
somewhat higher temperature than the slow movements, thus 
indicating that while excess in either direction is detrimental, 
higher temperatures are best adapted to the most rapid growth 
so long as they fall within certain limits. 

Pursuing this line of thought yet a little further, and taking 
the highest rate of each tendril movement—including, there- 
fore, the six first considered—we find them obtained under an 
average temperature of 27:2°C.; while those waves of rapid 
movement belonging to the same tendril, but of less amplitude, 
were propagated under an average temperature of 24°8° C. Of 
the thirteen maxima of movement obtained, one was found to 
be coincident with the absolute maximum of temperature. 
This, however, was a movement at the low rate of 0°85™ per 
minute. Three were found to occur on an increasing tempera- 
ture, usually several hours before the maximum was reached ; 

* The remaining are not taken for the obvious reason that, as the tendrils to 
which they belong were in the last stage of movement, they do not represent the 
point now under consideration. 
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and nine were found to occur on a descending temperature, from 
two to six hours after the maximum for the day had passed. 

Passing to the conditions of humidity, we find that the max- 
imum movement of tendrils 1, 8d, 8c, and 9, were reached under 
conditions of great humidity, of all the remainder, when the 
sky was clear and the sun bright. The rates of movement, in 
the four tendrils first mentioned, were respectively 2°06, 0°65, 2°6 
and 2°17™, and were obtained when, owing to the humidity of 
the air, transpiration was not very active. Tendrils 2, 3, 4, 5a, 
Zab, and 8a, gave respectively 1°76, 3°55, 0°85, 1°44, 0-92, 0555, 
and 1-2, as their maxima of motion. These values were ob- 
tained while transpiration was excessive, its effect upon the 
plant being so great, that all the leaves and terminal buds were 
drooping. Tendrils 5c, and 6ad, in which the highest maxima 
were reached, gave respectively 4°55 and 6°50, but these 
values were reached under conditions of active, though not 
excessive transpiration, clear sky and bright sun, while the 
whole plant was in a normally active condition, as shown by 
the erect leaves and fine healthy color of all parts. The mean 
rates of movement under the conditions first discussed, show 
an average of 1:43", under conditions of favorable humidity, 
and 0°707, when the air was unfavorably dry, showing that 
a due amount of moisture in the air is more favorable to growth 
than its absence, in the ratio of 1: 0-494. 
Minimum rate of movement.—Of the thirteen minimum move- 

ments recorded, we find that five occurred between sunset and 
midnight, two between midnight and sunrise, three between 10 
A. M. and 1 Pp. M., and three between 1 P. M.and4P.mM. We 
further find that four occurred during a minimum temperature ; 
four just before the maximum; two just after and three at the 
very time of maximum temperature. As in our previous divi- 
sion, taking the figures obtained for 6ab, 3, 5bc, 8c, and 9 as rep- © 
resenting the true minima for the entire movement of each ten- 
dril, we find the average temperature at which these movements 
occurred to have been 22°9° C., while the average temperature 
for the whole thirteen was found to be 25'8° C. The remaining 
seven movements of greater rapidity were found under the in- 
fluence of an average temperature of 28:2° C. The following 
table will show the relation between temperature and rate of 
movement as just explained : 

No. of movement. Mean temp. 

Maximum movements ______------ 13 2655 €3 
Minimum oF ete os vat 13 25°8 
Max. movements, (a) rapid. ------- 6 Qe 

of (slow sec. Seer 24°8 
Min. ef (@)islowieis 2523" 6 2:2°9 

He “ (QO) Weyl eee 7 28°2 
AM. JOUR. SCI.—THIRD SERIES, VOL. XX XI, No. 182, FEs., 1886. 

8 
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With reference to conditions of humidity, it is found that 
tendrils 6ab and 1 gave their minima of movement during pleas- 
ant weather, while the plant was apparently in an active con- 
dition. The raves per minute were, 0:047, and 0:21™ respect- 
ively. Tendril 76, 9, 5bc, and 3 gave 0:08, 0:02, 0:048, and 
0:013™ respectively during a time of great moisture, and even 
rain. 8c gave 0:025™ during the time of a heavy fog and cold, 
east wind. The remainder, 4, 7a, 2, 8b, 8b, and 5a gave, re- 
spectively, 0°031, 0:053, 0°18, 0-10, 0°166, and 0-15™, at times 
when transpiration was excessive, as shown by the drooping 
leaves and terminals, and always during a very bright sun. 

Dextrorse and Sinistrorse movements.—The cireumnutation of 
the tendril tip may commence in a direction with the sun or the 
reverse. Movement in either direction is by no means con- 
tinued during the entire period of activity. Motion in one 
direction may soon be succeeded by movement in the opposite 
direction, one alternating with the other constantly. The 
dextrorse motion for all the observations taken aggregated 
1622:10™. The sinistrorse amounted to 1400°95™; and the 
ratio. of one to the other was, therefore, as 1:0°86. We see in 
this a very striking approach to equality in the two move- 
ments. 

Terminal Bud. 

In the terminal bud we have to deal with a movement en- 
tirely independent of the irritation of contact, but accompany- 
ing a rapidly elongating axis which develops leaves and flow- 
ers, as well as tendrils, first upon one side and then upon the 
other at alternating nodes. 

The greatest movement occurred just before noon, but under 
conditions of great humidity. The least movement took place 
at night, also under conditions of great humidity, In either 
case there was nothing to indicate other than a normal condi- 
tion of the plant. As in the tendril, we here notice a move- 
ment to the right and left, the latter being exceeded by the 
former by 23°30. There is in this a very evident tendency 
to excess of dextrorse movement, but it is a fair question, to be 
decided only by more extended observations, if there is not or 
should not be as great equality here as in the movement of the 
tendril. In the growth of the vine, as well as of the squash, 
we have in the results obtained still further proof of the influ- 
ence of meteorological conditions, as already shown. 

[To be continued. ] 

oo ae 
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Art. X.—A Theorem of Maximum Dissipativity ; by GEORGE 
F. BECKER. 

THE proposition which I desire to prove in the following 
pages is, in general terms, that in all moving systems there is a 
constant tendency to motions of shorter period, and that, if 
there is a sufficient difference between the periods compared, 
this tendency is always a maximum, so that all natural phe- 
nomena occur in such a way as to convert the greatest possible 
quantity of the energy of sensible motion into heat, or the 
greatest possible quantity of heat into light, ete, in a given 
time, provided that the interval of time considered exceeds a 
certain fraction of the period of the most rapidly moving par- 
ticles of the system. 

The simplest case of motion which can be selected for exami- 
nation is that of a particle describing a path which returns upon 
itself. In any actual system, such a movement must be a 
“stable ”* one. In a very important class of such movements, 
there is a position of closest approach to a fixed center and a 
position of greatest departure from it corresponding to the 
perihelion and aphelion of planetary motion, and in such cases 
the symmetry with reference to an axis shows that the “action” 
between these points must be the same in either direction. The 
nature of. these cases indicates the investigation of half the 
action for an entire recurrent path. 

Tf an actual, recurrent, stable path is compared with that 
which would result from an infinitesimal conservative disturb- 
ance of the same movement, it appears that the distance between 
the points of intersection is infinite compared with the perpen- 
dicular distance which separates the paths at any intermediate 
position, and at such a position the paths are infinitely nearly 
parallel. It is easy to show that lines perpendicular to the two 
paths intercept arcs on. which the action is equal. If, is the 
radius of curvature at any point on one of the curves, dé the 
angle which tangents taken at an interval of time dt make with 
one another, ds the arc described in this time, and if the sub- 
script numeral , indicates the corresponding quantities for the 
other path, 

pdas=p/7dS + p,dSdp; 

for the curves being parallel have the same center of curvature. 

* The motion of a system is stable if after any infinitely small disturbance un- 
accompanied by a change of total energy, it returns to some configuration belong- 
ing to the undisturbed path after a finite time and without more than an infinitesi- 
mal] digression. 



116 G. F. Becker—Maximum Dissipativity. 

The last term in this equation is infinitesimal compared with 
the other terms and may be neglected. Hence 

PENSAR VERS hs (Dh 

p,d> — ds, p 
Let x and x, be ares of the curves on which the action is the 
same, so that x»=x,y, Then since in general v,dt=ds, and vdt 
=ds, the velocity being represented by », 

1 
He ATS ENO: 

Tete See Cate ail 

That is to say, the radii of curvature at the extremities of the 
are ds, or, more generally, perpendiculars to the two curves at 
the extremities of this arc, intercept arcs cn the two curves on 
which the action is the same. It evidently, follows that any 
two lines perpendicular to the two curves intercept ares on 
which the action is thesame. A more general proposition em- 
bracing this is one of the immediate deductions from Hamilton’s 
principle of varying action.* 

The action on any natural path is a minimum provided that. 
the path is sufficiently short, but it is clear, from the last para- 
graph, that perpendiculars to the undisturbed path and the dis- 
turbed path at their points of intersection cut both paths, and that » 
the action is consequently the same on each between the same 
initial and final positions. It can, therefore, bea true minimum 
on neither. The action, consequently, cannot be a minimum 
for a distance greater'than that between these points of inter- 
section. These points are called conjugate kinetic foci by 
Messrs. Thomson and Tait, who give propositions embracing 
those just stated, but reached by a different method; and who 
also show that while the action from a given configuration up 
to the first kinetic focus is always a minimum, it may cease to 
be the least possible before a kinetic focus is reached.+ The 
variation of the action always vanishes, however, and when the 
action ceases to be aminimum it must become a maximum or 
a minimax. 

If the path which a particle pursues returns upon itself and 
if the motion is stable, a kinetic focus conjugate to the initial 
point usually occurs at the completion of the circuit, coinciding 
in position with the starting point. Hven when this is not the 
case, however, the action for an entire circuit is the same on 
the disturbed path as on the undisturbed path. That it is the 
same up to the last kinetic focus before the circuit is complete 
is evident. The starting point may be arbitrarily chosen and 
may therefore be taken at a point where the movement is per- 
pendicular to the line of force. This line then cuts the dis- 

* Thomson and Tait, Nat. Phil., § 332. + Nat. Phil., § 358, et seq. 
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turbed and undisturbed paths at the end of the circuit at right 
angles, and the action from the last focus to this line on each 
path is consequently the same. 

Whatever the recurrent path of a particle may be, the action 
upon it will be the same as it would be on a circle of appropri- 
ate diameter upon which the particle should move at its mean 
velocity, completing the circumference in the same time which 
it occupies on the real path. This condition of the equality of 
time implies that, if dd is the elementary angle which the 
radius of the circle makes with a fixed radius, di=dt. If the 
mean velocity of the particle is wu, the elementary circular arc is 
udi=rdé and consequently w=7. Now the area of the circle is 

i 
ras udt 

a =f 
ty to to 

T being the kinetic energy of the particle in its real path per 
unit of mass; thearea of the circle is therefore half the action of 
the particle per unit of mass for an entire circuit. The ratio of 
the area to the circumference of a circle is of course the greatest 

Retest utd : 
possible. This ratio is rages and if the length of the circular 

path is regarded as the independent variable and as a given 
constant, say Ss, 

In comparing the mean velocity, the corresponding path, and 
the product, or the action, one or other, must be considered as 
given, and the conclusion that one-half the action for an entire 
circuit is the greatest possible is therefore entirely general. 

In cases where the disturbed path returns to the same start- 
ing point as the undisturbed path, the action for an entire cir- 
¢euit cannot be an absolute maximum, because the action is the 
same on various paths between the same terminal configurations, 
but a proof independent of that in the last paragraph can be 
given that the action will differ infinitely little from an absolute 
maximum. Any circuit must be reversible, or the action must 
be the same in whichever direction the particle traverses the 

path. As has been shown, the action for an entire circuit is 
constant and the action for an infinitesimal movement is the 
least possible. The action from the starting point over the real 
path, back to a position infinitely near the starting point, is 
therefore a constant minus a quantity which is the least possi- 
ble, and is therefore the greatest possible. It also differs infinite- 
ly little from the action for an entire circuit. 



118 G. F. Becker—Maximum Dissipativity. 

The theorem of greatest action admits of a further important 
extension. If we suppose a material point revovling about 
an attracting center and if, during the revolution, the position 
of the center of attraction is suddenly changed without alter- 
ing its distance from the material point, this will immediately 
begin a new orbit without change in its total energy and the 
action on the new orbit will be the same as on the old one. 
The path, however, will not in this case return upon itself. By 
pursuing this train. of reasoning it becomes clear that the action 
becomes an absolute maximum twice in every period for which 
the integral curvature amounts to 360° and at the expiration of 
which the original velocity is recovered. In certain symmetri- 
cal cases of motion a starting point may be so selected that the 
action becomes an absolute maximum once in every 180° of 
integral curvature. The interposition of a straight path upon 
which there is no change in kinetic energy, between two ares, 
affects the proposition only by lengthening the period between 
successive maxima. 

The two most important cases of motion for the present dis- 
cussion are that of a particle of an elastic solid which is in vi- 
bration and that of a gas molecule in a confined space. In the 
former the particle vibrates on some stable curvilinear path 
about a position of equilibrium; for it is well known that a 
simple rectilinear vibration is an unstable motion which must 
pass over into an orbit or circuit when disturbed never so little. 
A gas molecule also pursues a stable path, for if it is rebound- 
ing against parallel walls and traversing a zig-zag course in a 
given plane, and if the angle is changed by an infinitesimal 
quantity, the disturbed path cuts the undisturbed one at finite 
intervals and without more than an infinitesimal digression. 
It is clear from what precedes that the action in both these 
cases becomes the greatest possible twice for every complete 
change of direction of 360° accompanied by the resumption of 
the original velocity. 

The meaning of the statement that the action of a particle or 
asystem isa maximum or a minimum fora given period is 
most readily appreciated geometrically. A natural motion may 
be supposed to begin with the same energy as a guided motion 
at any instant of time. Then if we represent the value of the 
energy of the real motion by a full line and that of the guided 

motion by a dotted line, the abscissa representing the time, 
as in the accompanying diagrams, it is clear that the statement 
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that the action for a natural motion is a minimum for a given 
period means, that the average rate at which the kinetic energy 
has decreased is a maximum or that the average rate at which 
the kinetic energy has increased isa minimum. ‘The assertion 
that the action isa maximum means that for the given period 
the kinetic energy has decreased as slowly or increased as rap- 
idly as possible. 

There is every reason to suppose that every natural system 
is conservative and that there is no natural system in which 
movements of varions periods do not goon simultaneously. 
To take a simple illustration, it is impossible to vibrate an open 
string without exciting harmonics as well as the fundament:] 
tone. If there is but one sensible or molar movement in a 
system, there is at least friction and therefore molecular motion. 
Tf we consider an open string for a period equal to that which 

_ elapses between the initial movement and that at which the 
fundamental movement is about to reach its first kinetic focus, 
it is clear that all the harmonic vibrations must have passed 
their first kinetic foci. The action of the fundamental motion 
up to this time will be a minimum and that of the other 
motions for the same time will be a maximum or minimax. 
Of the total energy of the system, then, the fundamental 
motion has a minimum portion and the harmonic motion a 
maximum or a minimax. If the fundamental motion is com- 
pared with one of the higher harmonics it is clear that the order 
of the latter will be a very moderate one when its action will 
have reached its period of absolute maximum, while the action 
of the fundamental vibration is still the least possible. A 
Jortiort must this be the case when molar motions are compared 
with molecular motions or heat-giving vibrations with those 
which yield light. 

It might be objected that since the total energy of the graver 
vibrations in this instance, or of any corresponding movement 
in any other instance, does not remain coustant, the principles 
of the action of a conservative system are inapplicable to it. 
But in the first place if there is a great difference between the 
periods of the motions compared, the energy of the motion of 
longer period may be considered as constant for the time of 
the shorter vibration, and this assumption is commonly made 
in discussing simultaneous molar’ and molecular motions. 
Furthermore, if the periods are not very diverse, the movement 
of longer period may be reduced to the consideration of a con- 
servative motion by supposing the energy withdrawn from it 
to be potentialized. For the problem in hand this treatment 
appears to be something more than a method of approxima- 
tion; for it is well known that every complex vibratory 
movement may be resolved into simple vibrations. At the 
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extreme configurations of any simple vibration, the energy 
of the simple movement is entirely potentialized. The energy 
which is transferred from the motion of longer period to that 
of shorter duration may therefore be regarded as having passed 
through the state of potential energy. Herein appears to lie 
the justification of the ordinary method of treating expended 
energy as if it were permanently potentialized. 

In any case of motion involving a variety of periods, then, if 
an interval of time just less than that which elapses between the 
occurrence of kinetic foci of the slowest motion is considered, 
the kinetic energy of this motion will have decreased at a maxi- 
mum average rate or increased at a minimum average rate, 
while for the quicker movements the decrease will not be a 
‘maximum nor the increase a minimum. Hence im any case 
there is a tendency of the total energy to the movement of 
shortest period, and this tendency will be the greatest possible 
when the particles which vibrate most rapidly expend half the 
action of the entire circuit while the action of the slowest move- 
ment is still the least possible. In favorable cases the differ- 
ence of period required to develop the greatest possible ten- 
dency to the motion of shorter period would be extremely 
shght, a mere fraction of the period of either movement. It 
appears to need no demonstration that no sensible movement 
can cease to be one of least possible action in a time less than 
the period of vibration of a particle the movements of which 
are manifested as heat. A diversity of the same order exists 
between the light-giving and the heat-giving vibrations as be- 
tween the latter and sensible motion and of course a similar 
conclusion applies to them. The theorem propounded at the 
beginning of this essay thus appears to be demonstrated. 

It follows immediately that the higher forms of energy can 
be produced from the lower, or motions of longer period from 
those of shorter period, only on condition that the sum of the 
transformations of the system is equivalent to a degradation, a 
result nearly identical with one of the chief deductions from 
the second law of thermodynamics. 

San Francisco Office of the U. 8. Geol. Survey, Oct. 1885. 

Art. XI.—A new Law of Thermo-Chemistry ; by GroreE F. 
BECKER. 

IN the course of an unpublished chemical investigation of a 
process involving nearly a hundred reactions, I adopted, as a 
guide to experiment and as a check upon the conclusions, M. 
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Berthelot’s famous thermochemical -law,* with extremely satis- 
factory results. 

This law, the experimental proof of which is very convine- 
ing, applies only to the final molecular configuration of given 
substances, however, and gives no information as to the series 
of transformations which they undergo before reaching a con- 
dition of stable chemical equilibrium. But in many of the 
chemical processes of nature, and in some technical operations, 
the reactions are interrupted before the final result is attained. 
In all cases it isa matter of great scientific interest to know the 
law governing the actual series of transformations from the ini- 
tial to the final condition of a mixture of substance, between 
which reaction takes place. 

In the course of the experiments referred to, it appeared to 
me that the rate at which chemical energy is converted into 
heat by various possible reactions was an important factor in 
determining tne order of their occurrence. But even the de- 
termination of the total thermal effects of reactions requires 
extremely delicate experimentation, elaborate apparatus, apd 
other special facilities. To determine experimentally the rate 
at which this heat is produced would be a still more serious 
matter and was quite out of the question with the time and re- 
sources at my disposal for this purpose. I therefore undertook 
to inquire whether, by considering chemical energy as a form 
of motion, any definite results could be reached as to the rate 
of evolution of heat. This investigation eventually led toa 
principle embracing that sought. It appears under the title of 
a theorem of maximum dissipativity in the preceding article. 
The chemical interpretation of this principle is as follows: The 
sum of the chemical and physical transformations in any chem- 
ically active system will be such as to convert higher forms of 
energy into heat, light, etc., at the greatest possible rate, pro- 
vided that the interval of time for which the comparison is 
made is a multiple of a certain fraction of the period of the 
most rapidly moving particles of the system. For all experi- 
mental and for most theoretical purposes this is equivalent to 
the statement that the transformations will be such as to evolve 
heat, light, etc., at the highest possible rate. 

This law evidently includes M. Berthelot’s, of which the 
principle of maximum dissipativity affords a rigid demonstra- 
tion. The tendency to the conservation of molecular type 
which M. Berthelot has observed in complex transformationst 
also seems a natural though not rigidly demonstrated conse- 

_ ~ Principe du travail maximum.—Tout changement chimique accomplé sans 
intervention d’une énergie étrangére tend vers la production du corps ou du sys- 
téme de corps qui dégage le plus de chaleur. Mécanique Chim., vol. i, p. xxix. 

+ Méc. Chim., vol. ii, p. 471. 
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quence, for it can hardly be doubted that a simple substitution 
in an existing compound will, as a rule, take place more rap- 
idly than a fundamental re-arrangement of atoms. 

I shall have occasion hereafter to call attention to instances 
in which, as nearly as can be ascertained without exact deter- 
minations of rate, the order of ordinary laboratory reactions 
conforms to the law here announced. I desire, however, to 
point out without delay its applicability to a problem of geo- 
logical chemistry, in which exact and direct experimentation 
is almost or quite impossible, viz: the order of the genetic suc- 
cession of minerals in massive rocks. This is a subject of the 
greatest importance to rock classification and to the whole sci- 
ence of lithology. It is also one in which little or no advance 
has been made. 

No a priori guess could be more natural than that the order 
of succession of minerals in eruptive rocks is that of their fusi- 
bility. Indeed, this corresponds closely to the old empirical 
(and incorrect) rvle of chemistry, according to which precipita- 
tion takes place whenever an insoluble compound would result 
from any re-arrangement of molecules. Nothing is more easily 
confuted, however, than this hypothesis of genetic succession, 
if rigidly interpreted, since magnetite, for instance, is among 
the first and among the last minerals to form in several erup- 
tive rocks. Bunsen, too, has shown that the temperature at 
which an isolated body solidifies is never that at which it sepa- 
rates in the solid state from its solutions.* “This fact does not 
appear to me to show that the order of succession has no con- 
nection with the fusibility, as is sometimes stated,f but only 
that if such a connection exists, it-is not an entirely simple one. 
There are coincidences between the order of succession and the 
order of fusibility of the mineral species composing massive 
rocks which it is scarcely possible to regard as aczidental. Thus 
zircon and olivine are among the first minerals to solidify, and 
their only common characteristic appears to be a high degree of 
infusibility. The highly refractory quartz, too, is an early 
mineral in the quartzose porphyries, and sometimes, also, in 
granite. Messrs. Fouqué and Michel-Lévy were, I believe, the 
first to show t that in the following triclinic feldspar series ; 
anorthite, labradorite, oligoclase; the crystals of primary con- 
solidation almost always precede the crystals of secondary con- 
solidation. They have also shown§ that this is the order of 
the fusibility of these minerals, while Professor Szabo finds 
that bytownite and andesine occupy a position in the scale of 
fusibility similar to that which they occupy in the scheme of 
chemical composition. 

* Zschr. Geol. Ges., 1861. + Roth, Allgemeine u. chem. Geol., vol. ii, p. 48. 
t Min. microer. § Comptes Rend., 1878. 

Me eit ob oye 
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The hypothesis that the order of genetic succession is that of 
increasing acidity has been advocated, I believe, only for gran- 
itic rocks. Even for these it is not rigidly true. The order in 
which the feldspars appear in volcanic rocks, however, is also one 
of increasing acidity, as well as of increasing fusibility. Such 
relations between chemical composition and fusibility are of 
course extremely frequent, especially among organic com- 
pounds. Messrs. Fouqué and Michel-Lévy also found albite 
more fusible than labradorite and less so than anorthite. ‘Those 
who regard the plagioclases as isomorphous mixtures of anor- 
thite and albite must, therefore, consider oligoclase as the most 
fusible mixture of the two, while it also appears to be com- 
monly the last feldspar to crystallize. A similar maximum fusi- 
bility is known to exist in other series. Thus the fundamental 
slag of iron blast furnace practice is an exact bisilicate of the 

- form 4CaSiO,+AI8i,O,. This is the most fusible compound of 
these ingredients, any alteration in the acidity or in the ratio of 
the bases rendering it more difficult of fusion. Oligoclase con- 
tains more aluminium than the slag, but also sodium. 

It thus appears that while the chemical composition and the 
fusibility of the rock forming minerals are most intimately 
connected, neither of these properties affords an adequate ex- 
planation of the order of genetic succession, nor does any 
known combination of them explain the facts. That the fusi- 
bility at least is not without effect upon the order of succession 
seems highly probable, but, if so, there are other concomitant 
influences which very materially modify the results. 

If the changes which occur in cooling eruptive magmas obey 
the laws of thermo-chemistry, the somewhut-confused relations 
actually observed between genetic succession, fusibility and 
acidity are just such as might be expected in advance. There’ 
is every theoretical and experimental reason to suppose that the 
fluid eruptive magma consists of one or more compounds differ- 
ing essentially from the minerals eventually formed from it. 
In cooling it must therefore undergo a series of chemical and 
physical changes. The formation of any new stable chemical 
compound, whether fluid or solid, in the mass converts other 
forms of energy into heat; but, at the same time, the subtrac- 
tion of any such group of molecules from the previously exist- 
ing combination alters the chemical constitution of the residue. 
It is quite conceivable that the change in the residue should in- 
volve either an absorption or a liberation of heat, but if the 
former and if this were to exceed the positive thermal effect of 
the supposed stable compound, the whole operation would be 
impossible. In general, if no physical change accompanies the 
alteration of chemical configuration, that chemical change and 
that only will take place through which heat is liberated most 
rapidly. 
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It is not sufficient, however, to consider the chemical transfor- 
mations by themselves, for these are in general accompanied by 
physical alterations in the mass. Much the most important of 
these is solidification, which is always accompanied by a liber- 
ation of heat.* Now the amount of heat evolved by the solid- 
ification of compounds is of the same order as the thermal 
effect of chemical combination. Since therefore the sum of 
the chemical and physical changes must be such as to develop 
the maximum amount of heat per second, let us say, the fact 
that heat is liberated by solidification establishes a distinct ten- 
dency to the formation of solid precipitates; but this tendency 
is only operative on condition that by no other transformation 
can heat be more rapidly berated. 

In view of these considerations it seems almost certain that 
the order of genetic succession of minerals will sometimes fol- 
low the order of separate solidification, but that in a greater or 
smaller proportion of cases there will be essential differences 
between the two orders. Thus there is no difficulty in under- 
standing that at a certain early stage in the cooling of an erup- 
tive mass, the rapidity of the evolution of heat may be pro- 
moted by a separation of a portion of the iron as magnetite, 
while the separation of the entire mass of this mineral at this 
stage would be incompatible with the most rapid possible evo- 
lution of heat by the entire simultaneous chemical and physical 
changes then progressing. So also if two magmas of similar 
qualitative but different quantitative compositions are com- 
pared, it does not seem remarkable from a thermo-chemical 
standpoint that augite should separate before labradorite in the 
one and labradorite before augite in the other (andesite and 
basalt). 

In one sense the above discussion is of little value to lithol- 
ogy. The new law of thermo-chemistry does not enable one 
to state what will be the order of genetic succession of miner- 
als under a given set of chemical and physical conditions. 
This is because the total thermal effect of many of the rock- 
forming minerals is unknown, while, so far as I am aware, the 
rate at which reactions evolve heat has not yet been studied by 
exact methods. But the law at least explains why neither fusi- 
bility nor basicity obtains complete control of the process and 
how it may happen that the order of succession which prevails 
in one set of cases may be reversed in another. The new 
principle governs the genetic succession of minerals in erup- 
tive rocks, but the constants of the equation in which it may 

* Solidification of course takes place at a lower temperature than fusion. This 
appears to be a theoretical necessity, for if any small fraction of a mass were to” 
solidify at the melting point, the heat evolved by the act of solidification would 
raise the surrounding temperature above the melting point and the solid particle 
would melt again. 
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be expressed remain to be determined. The number of these 
constants will doubtless be diminished by future generaliza- 
tions and the application to lithology thereby simplified. 

Since the rate at which heat is evolved in a solidifying lava 
is the greatest possible, the rate at which it cools, other things 
being equal, must be a minimum. This fact must have an im- 
portant influence on the flow of eruptive rocks and probably 
accounts in part for the power which they possess of penetrat- 
ing the tiniest cracks as dikes. 

San Francisco Office U. 8. Geol. Survey, Noy., 1885. 
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Art. XIJ.—Recent Explorations in the Wappinger Valley Lime- 
stone of Dutchess County, N. Y.; by WiLL1AM B. Dwiaaur. 

No. 5.—Discovery of fossiliferous Potsdam Strata at Poughkeep- 
sie, V. Y. (Illustrated by a map, Plate VI.)* 

THE presence of rocks of the Potsdam group in association 
with the limestones and shales of Dutchess County, N. Y., has 
long been suspected on stratigraphic grounds, but until the 
present time this fact has never been proved by positive paleon- 
tological evidence. 

At the bases of Fishkill and Stissing Mountains, a thick 
stratum of quartzyte is found between the underlying Archean 
of those mountains, and the overlying limestones, now known 
to be respectively Calciferous and Trenton. This quartzyte 
shows planes of stratification, and is conformable to the over- 
lying strata of limestone. Obviously, by its stratigraphic 
position, it appears to represent the Potsdam group, and this 
assignment has been made for it, in the localities mentioned, 
by Professor Mather, Professor J. D. Dana and others. 

Notwithstanding that considerable search has been made, no 
fossils have yet been found in this quartzyte stratum, by 
which this reasonable hypothesis might be established. I am 
not aware that any geologist has heretofore found reason to 
suspect the presence of a Primordial stratum among the lime- 
stones of the region, and certainly I have had no such expecta- 
tions myself. ‘The observations made during the last few years 
in the Wappinger Valley (or ‘‘Barnegat’’) limestones, have 
definitely proved them to be composed extensively and continu- 
ously of conformable strata of the Calciferous and Trenton 
groups. In carrying out the work, in which I have for several 
years been engaged, of preparing a detailed stratigraphical 
chart, on April 25th of the present year, to my great surprise, 

* Read before the American Association for the Advancement of Science, at 
Ann Arbor. 
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I struck a ledge of rock in the Wappinger Valley limestone 
belt, which proved rich in Potsdam fossils. 

This remarkable locality is on an estate owned by Mr. 
Albert K. Smiley, proprietor of the Lake Mohonk House. It 
is in the outskirts of the city of Poughkeepsie, to the southeast. 
It is about one mile southwest of Vassar College, 850 feet south 
of the southwest corner of the Driving Park on Hooker avenue, 
and about 2200 feet west of the road which passes south along 
the east side of the same. 

The Potsdam rocks are found in a series of low hills or 
ridges trending northeasterly and southwesterly in parallel 
lines. The most interesting paleontological features appear to 
be concentrated in a ridge lying at the northeast corner of the 
group (Hill A, Plate VI). This is situated immediately to 
the southwest of Smiley’s detached barn, which is itself south 
of the southwest corner of the Driving Park. This hill is 
about 300 feet wide and 1400 feet long; it is mostly covered 
with soil, the rock cropping out on each side, but chiefly on 
the east, in a few narrow, quite inconspicuous ledges; it would 
never have attracted my attention but for its occurring within 
the range of a systematic survey. 

Lithologically this Potsdam rock is exceedingly variable, 
and all the varieties described occur within the small compass 
of a few acres of ground. It is everywhere (so far as already 
examined) calcareous, all its varieties effervescing with acids. 
It is also everywhere more or less arenaceous; often conspicu- 
ously such. Large portions of it are a tough, compact lime- 
stone, often quite dark, and frequently filled with a conspicuous 
fucoid-like tracery; the weathered surfaces are often rough 
with sand-grains. This variety passes into one which differs 
chiefly in being fissile into more or less thin slabs; this variety 
often alternates with layers of exceedingly thin and friable 
shale, the folia of which are covered with loose sand as they 
decompose. 

The rock also passes on the one hand into argillaceous varie- 
ties represented by a smooth, fine-grained, massive argillaceous 
limestone well exhibited on the west side of the main fossilifer- 
ous hill; and represented also by a very fissile and smooth 
calcareous shale, well shown in a hill (EK) which is a continua- 
tion, in the second field south, of the above-mentioned hill. 
Although nearly as fissile, this variety differs essentially in 
appearance from the closely adjoining Hudson River shales, 
which are much darker, and more glazed or shining on their 
surfaces. On the other hand, this Potsdam rock passes into a 
very solid, massive quartzyte, the fine sand-grains of which are 
everywhere in absolute contact, so that in appearance it is only 
a grade less compact than the quartzyte of Stissing Mountain; 
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but the minute interstices are occupied by calcareous material, 
so that the rock effervesces a little under acids. 

In many places, again, the material takes the form of brec- 
ciated conglomerate; this is well shown in the western Potsdam 
hill at the northern extremity of the tract under consideration 
(Hill B), and its extension south into the next field (Hill D); 
also in the western marginal Potsdam ridge just south of 'T. A. 
Hinkle’s house in the next field. 

The southeastern extremity or fork of the main fossiliferous 
hill (A) is a solid mass of peculiar odlyte, made up of spherules 
which are simply aggregations of rhomboidal calcite crystals 
imbedded in the interstitial mass of quartzyte or calcareous 
quartzyte. I have found pebbles of this peculiar odlyte in the 
conglomerate above mentioned in the ridges of the western 
margin, suggesting a later date of deposition for the latter. In 
many places these Potsdam rocks exhibit very distinctly oblique 
lamination. 

The strike and the dip are quite variable. The most general 
strike of these Primordial strata appears to be about N. 21 H. 
(true), and the most general dip about 55° easterly. Some fur- 
ther statements as to local variations will be given subsequently. 

In order to determine the true stratigraphic relations of these 
Potsdam and related strata, I have made a special detailed 
examination of a district covering about a mile and a half 
square in the vicinity of this locality, and embracing about a 
mile and a quarter of longitudinal extension in the direction of 
the strike. This district is mapped in Plate VI. 

This Potsdam rock is one of the component members of the 
most western, and by far the broadest of three parallel belts of 
the Wappinger Valley limestones, which, in this vicinity, rise 
between the Hudson River shales. In general, all these lime- 
stones and shales lie in a series of abraded folds, having usually 
a conformable strike of from N. 20° H. to N. 30° EH. These 
folds are closely compressed, and pushed over to the west, so 
that the earlier limestones usually overlie by inversion the later 
shales lying to the west of them. 

The particular belt of limestone which stretches southwest 
from the Driving Park is about 3500 feet in width at its 
northern extremity, and about 6000 feet wide at the southern 
portion of the limited district now under consideration. This 
southern transverse line of 6.00 feet passes through the middle 
of the estate of W.S. Johnston on the Albany Post Road. 

This belt terminates toward the north, quite abruptly, along 
an almost straight line which cuts it apparently at a right angle 
to the strike. This line runs along the southern margin of the 
Driving Park, continues east through the fields parallel to 
Hooker avenue till it meets the Hudson River shale in the 
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meadows of Casper Creek. Immediately north of the Driving 
Park, in fields on the north side of Hooker avenue (locality O, 
plate VJ), in place of limestone there are hills of Hudson River 
shale, and this same rock crops out along Hooker avenue to 
the west all the way to Casper Creek and beyond. From this 
line these shales continue unbroken many miles to the north 
beyond Hyde Park. Along this northeasterly and southwest- 
erly line, the intervening space between the outcrops of shale 
on the north and of limestones on the south consists of a mostly 
level strip of drift having bogs and springs along its southern 
edge. Evidently this is a line of fault, across the strike, 
between the Hudson River shales on the north and the Pots- 
dam, with its associated Calciferous and Trenton, on the south. 
This trough, cut through the hilly ridges, is a conspicuous 
feature in the local landscape. It is made available for traffic by 
the avenue that passes through it obliquely into the city; it 
furnishes the long and smooth plat (mostly underlain by the 
shales) which constitutes the Driving Park. 

The stratigraphic relations of the western margin of the belt: 
of Potsdam have proved far less obvious than those of its 
northern extremity. But after a careful detailed inspection of 
the ground, a correct solution, as I believe, has at last been 
reached. During the earlier examinations, Calciferous or 
Trenton strata were naturally looked for, in intervening folds, 
between the Potsdam and the Hudson River shales to the 
west. The western hill of conglomerate above mentioned 
‘(Hill B) and its southern extensions, were at first taken to be 
the Trenton coralline conglomerate which occurs abundantly 
in the vicinity. But on further investigation, two facts were 
developed which opposed this supposition. The first fact was 
that the lithological constitution differed entirely from that of 
the Trenton wholly-caleareous conglomerate, in being highly 
arenaceous, as also in the entire lack of the microscopic corals 
which abound in the Trenton. On the other hand, its litho- 
logical characters are quite in harmony with those of the 
adjoining ledges known to be Potsdam. 

In the second place, an outcrop of the Hudson River shales 
was discovered close to the western base of this hill, within a 
few feet, thus marking the line as the actual western limit of 
the limestone. This limit is at the most but 300 feet west of 
the fossiliferous Potsdam strata, a space by no means sufficient. 
to allow the presence of Calciferous and T'renton strata of the 
usual thickness exhibited in the region. A further study of 
all the phenomena makes it quite certain that the Potsdam 
extends to the western margin of this belt of limestone, in its 
entire southern extension through the district examined. This 
limestone margin (as traced from the north) is broken by three 
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or four jogs, as the belt widens to the west, until the field next 
south of T. A. Hinkle’s cottage is reached; from that point it 
is nearly straight. Close to this line, at the distance of a few 
feet throughout its entire leneth, there are many outcrops of 
Hudson River shale which continue west to the Hudson River, 
unless Utica shales may occur at some points. The shales are 
in many places separated from the Potsdam limestone by lines 
of springs and ponds, or by dry gullies. From the extreme 
northern end, the plane of contact is marked by a line of ponds 
nearly to Hinkle’s house. Close to this house, to the west of 
it, there is a deep gully, with the limestone on which the house 
stands, on the east, and the shales, standing nearly vertical in 
a bold exposure, on the west. This gully continues to mark 
the line to the southwest as far as the turn in the Ferris road, 
beyond which the demarcation is produced by a different but 
no less striking plan; for south of this point the limestone 
remains a high conspicuous ridge, abruptly steep on the western 
side, while the shales, mostly covered by drift, form a level 
plain at its base. 

These facts make it evident that there is also a line of fault 
between the Potsdam and the Hudson River shales at the 
western margin of the limestone belt, more or less parallel to 
the strike. ‘The general direction of this line of fault is about 
N. 40° E. The Potsdam strata near the line of contact are 
generally deflected in such a way as to have less easting in the 
strike, which is in such places from N. 4° H. to N. 11° H. 
Thus at the extreme north end of the main fossiliferous hill 
(A) the strike varies between the limits just given, while the 
dip becomes as low as 20°. At the hill of calcareous quartzyte 
in the third field south of the Driving Park (Hill F) the strike 
is in some places N. 11° E., and the dip 35°. 

On the other hand, the Hudson River shales incline to 
acquire more easting in the strike, in the vicinity of the plane 
of contact. In such cases they have quite frequently a strike 
of N. 46° E. (their general strike in the vicinity being about 
N. 31° H.). They also, in such positions, are often found 
inclined at a very high angle. These phenomena seem to 
indicate considerable friction by a lateral motion in a north- 
easterly and southwesterly direction, as well as in the upward - 
motion, at the time of the uplift of the Potsdam. This fault is 
the more interesting, because it is evidently related to the 
great fault described by Sir William Logan and Professor 
James Hall as extending from Quebec to ‘the Hudson River 
near Rhinebeck. If, as has been suggested by Professor J. D. 
Dana, this should more properly be regarded ‘as a series of 
more or less parallel faults, the present one would constitute 
the most southern one of the series yet described. 

AM. Jour. Sci1.—THIrRD SERIES, VOL. XX XI, No. 182.—FsB., 1886. 
9 
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With regard to the eastern boundary line of this strip of 
Potsdam nothing definite can be determined from present data. 
There are no fossils to indicate the points of transition to the 
Calciferous and Trenton, which doubtless he in abundant 
development to the east. The uncertainty is increased by the 
fact that a great part of the rock is deeply buried under drift. 
Thus, at the northern extremity, east of the fossiliferous Pots- 
dam, after about six hundred feet of strata (which are probably 
to some extent at least of the same group), the limestone 
entirely disappears under a large hill of more than fifty feet 
depth of drift in A. Vanderberg’s farm. (This hill is so 
covered with debris of Hudson River shale that one might 
readily suppose it to be the rock in place.) ‘lhe limestone 
does not reappear until the southeastern base of Richmond 
Hill on Casper Creek is reached. That this eastern margin of 
the belt is Trenton is proved by a distinct outcrop of fossil- 
iferous Trenton filled with Solenopora compacta (‘‘Cheeteles com- 
pacta”) appearing in a small patch on a hillside 520 feet from 
the house of R. J. Kimlin on a course of N. 101° EK. The ~ 
Calciferous is doubtless extensively represented between the 
Trenton and the Potsdam, but this has not been paleontologi- 
cally determined. 

In view of the above facts, I can make only the general 
statement that the minimum width of the belt of Potsdam 
strata, measured on the surface of the ground, is somewhat 
over 600 feet. If, as seems probable, there is at least one 
compressed fold, the actual thickness of the deposit must be 
over 300 feet. 

It is my present impression that the Potsdam folds occupy, 
as indicated on the accompanying map, a strip of about 1400 
feet in width, and that the high and continuous limestone hill 
(K) on the east of this strip may form the western margin of 
the Calciferous strata. In this case the small quarry in the 
field of W. S. Johnston, at the southeastern portion of the dis- 
trict (H), would be near the eastern edge of the Potsdam. 
This view is strengthened by the fact that lines of ponds and 
springs exist conspicuously along the base of this long eastern 
hill, indicating a possible break or slip between strata along 
this line. But as fossils have not yet been found in the last 
mentioned hill, nothing more positive can be asserted in this 
connection at present. 

A brief description may now be given of the paleontological | 
features of these strata. 

In the fossiliferous hill above described (A), organic remains 
are found chiefly on the eastern side near the summit in the 
southern half, though not in the odlytic portion. They occur 
both in the solid fissile limestone, and in thin layers of shale 
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associated with it. The fossils are present in considerable 
numbers, but so much scattered through the rock that large 
masses niust be broken up to obtain a few organisms. 

I have also found a few specimens of Lingulepis in the 
extension of the western fork of this hill in the second and 
third fields beyond, where it becomes a blue calcareous shale (). 

No fossils have yet appeared south of Mr. Smiley’s property, 
that is, south of the fourth field from the Driving Park, except 
some Stromatoporoid forms which are not infrequent through- 
out the Potsdam strata. From these localities I have already 
collected over 500 fossils; some of these are in a perfect state 
of preservation, while many are in a very imperfect and frag- 
mentary condition. There is no doubt whatever as to the 
presence among them of several well-known and well-marked 
Potsdam fossils, while the whole group appears to belong to 
that geological horizon. Since, in my explorations among 
these limestones during seven years, all of the abundant fossils 
found have indicated the presence of either the Calciferous or of 
the Trenton formations alone, I have not failed to consider the 
question carefully whether the present fossils, though of a 
Potsdam type, may not after all exist here in Calciferous 
strata. But I have found no facts to favor the latter supposi- 
tion. The rock is lithologically considerably different from 
any known fossil-bearing Calciferous in Dutchess County. 
The fossils are all of the type so well known in the Potsdam | 
rocks of New York State and of Wisconsin, while no single | 
Trenton or Calciferous fossil of the vicinity or of any locality, 
has appeared among the hundreds here collected. 

These fossils will require a very careful study for a full deter- 
mination as to the number of genera and species. The follow- 
ing preliminary statement will indicate their nature in general. 

1. Lingulepis pinniformis; several specimens of both valves, 
some of which are quite perfect. 

Lingulepis minima; many specimens of both valves. 
Lingulepis acuminata, probably ; several good specimens. 
Obolella (Lingulella) prima; several specimens. 
Obolella; a minute species resembling “Wana,” one or two 
specimens. 

Platyceras; undescribed species; one or two. 
Remains of small encrinal columns ; several. 
Ptychoparia ( Conocephalites) ; uv. sp. resembling Zowensis, but 
possessing an occipital spine; several glabellas and pygidia. 

9. Dicellocephalus; two or more species; undetermined ; numer- 
ous Specimens. 

10. Ptychaspis; one or more undetermined species; several speci- 
mens. 

11. Stronatocertum ? undetermined ; abundant. 

® ~1 & 



132 W. B. Dwight—Potsdam strata near Poughkeepsie. 

‘The more abundant of these fossils are the LZ. minima, whose 
fragments are thickly scattered through some portions of the 
shaly limestone, and next the movable cheeks of trilobites. 

It will be observed, as has been suggested to me by Mr. R. 
P. Whitfield, that the fauna of this locality forms a connecting 
link between the known fossils of the Appalachian region and 
those of the Western States. Thus with the Lingulepis minima 
and LZ. acuminata of the New York Potsdam is found the Lin- 
gulepis pinniformis of Wisconsin and other western localities. 

It may also be remarked that the fauna of this Poughkeepsie 
locality, as far as at present developed, is quite distinct from 
that of the Potsdam strata recently discovered by Mr. S. W. 
Ford at Schodack Landing and other places in the town of 
Stuyvesant, N. Y. From these localities, lying about fifty 
miles north of Poughkeepsie, Mr. Ford reports (this Journal, 
July, 1884) the following eleven species: Paleophycus incipiens, 
Obolella crassa, Stenotheca rugosa, Hyolithes Americanus, H. impar, 
Hyolithellus micans, Microdiscus lobatus, M. speciosus, Conocoryphe 
trilineata, Olenellus asaphoides, and Fordilla Troyensis. 

No one of the above list has been found at Poughkeepsie; 
the distinctive character of the two faunz is evident, the latter 
apparently representing an earlier stage of life. 

The discovery of the presence of fossiliferous Primordial 
rocks among the Wappinger Valley limestones, while it adds 
an extremely interesting feature to the geology of the region, 
contributes another complication to the difficult task of master- 
ing the stratigraphy of Dutchess County. 

Vassar College, Poughkeepsie, N. Y., June 25, 1885. 

NotE.—Since the above paper was written I have conducted these researches 
further, and have traced the continuation southerly of the fault between the Pots- 
dam and Hudson River shale to the bank of the Hudson River. This line, which 
had been traced previously only into W. 8. Johnston’s farm, has been found to 
continue, well marked as before by ponds and gullies, in a straight line till it 
crosses the Albany post road at the corner of the New Hackensack road near 
School House No. 2. On the west side of the post road it passes straight across 
R. T. Gill’s farm, then crossing the road leading to the Milton Ferry, and striking 
between the two roads leading in a southwesterly direction to the river. It ter- 
minates finally in a high bluff on the river near Mallory’s Moulding Sand Dock 
and about one mile north of Clinton Point post office. Throughout this course 
the Primordial limestone and the shales show themselves frequently in close 
proximity in outcrops. In Gill’s farm both formations are mostly covered by hills 
of drift, but on this farm, just north of the Milton Ferry road, both the Potsdam 
limestone (here as calcareous shale) and the Hudson River shales crop out dis- 
tinctly. The latter yield at this locality some very excellent and characteristic 
fossils, as encrinal columns, Leptena sericea, ete. The terminal bluff at the river 
is composed of both formations, the fault running along its summit, but near the 
northwestern edge. As the extreme southwestern point of the bluff is reached, 
the line of fault drops down its northwestern side, and the shales at last disappear, 
leaving the point in possession of the limestone. After careful examination I am 

~ satisfied that some, if not all, of the moulding sand 1s produced by the decomposi- 
tion of the arenaceous Potsdam. Indeed, the process may now be seen going on 
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in the layers of the sandy limestone. It is very probable that the Potsdam may 
now be further traced across the Hudson River somewhere near Marlborough. 

In Plate VI will be found a small map showing the entire extent of the fault 
above described. 

It is proper to state here that I have strong reason to suspect the presence of a par- 
allel belt of Potsdam limestone, more than a mile to the east of the present one, in 
the most eastern of the three belts of limestone. The particular locality which has 
furnished grounds for the above statement is on the summit of the ridge about 
half a mile southerly from the mansion on the MacPherson (late Boardman) place. 
The rock corresponds closely in its lithological characters with that of the Smiley 
locality. I have found here but a single fossil—about half of one valve of a 
brachiopod, which as far as it goes corresponds perfectly with Lingulepis pinniformis. 
I believe it to be this fossil, and that consequently the rock is Primordial, but 
cannot say that the evidence is absolutely conclusive. 

EXPLANATION OF PLATE. . 

A, Hill of fossiliferous Potsdam on Smiley’s farm. 
B, Hill of Potsdam, partially conglomerate, on Smiley’s farm. 
D, C, extensions of hill B. D is largely conglomerate. 
H, Hill containing much fine-grained, blue, thinly fissile calcareous shale of the 

Potsdam group: afew specimens of Lingulepis pinniformis have been found 
here. 

F, Caleareous quartzyte, Potsdam group. 

The lane between the wall and fence just Lone of the hills E and F is the 
southern boundary of Mr. Smiley’s farm; at present date no Potsdam fossils, ex- 
cept stromatocerium, have been found in this belt south of this line. 

G, one of the best localities for inspecting the Potsdam limestone and calcareous 
shale composing this long hill. Stromatocerium is found here. From the 
summit of this hill a good view is presented of the wide plain of Hudson 
River shale which extends westward from its base. 

H, a small quarry of arenaceous limestone apparently Potsdam, in the field be- 
longing to W. 8. Johnston. 

I, a high ridge of light- and dark-colored limestones, well exhibited at the spring 
here indicated; horizon of the rocks doubtful. 

K, outcrops of Hudson River shale at the surface of the ground within a few feet 
of the Potsdam hill B. 

L, small quarry of compact, gritty layers of the Hudson River group, dipping at a 
low angle. 

O, hilly outcrops of Hudson River shale in field north of the driving park. 
M, (in small included map), molding sand, and dock. 
T, (in small included map), outcrops of fossiliferous Trenton on the eastern mar- 

gin of this re belt. 

Arr. XIIT— Wind Action in Maine; by Gtorce H. Stone. 

DRIFTING sands of the ordinary type are very common in 
Maine, especially in the western half of the State. These 
sands are partly of marine, partly of fresh-water deposition. 
All of the large rivers of Maine, except the Penobscot, covered 
large areas with sand near where they emptied into the sea 
during the Champlain epoch, the sea of that period being, as is 
well known, somewhat more than 200 feet above its present 
level. For various reasons the drift of the Penobscot valley 
differed considerably from the valley-drift of any other large 
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stream of New England. The valley of the Androscoggin is 
preéminent for its sand dunes. One can travel in a carriage 
along this river from Brunswick to the New Hampshire line at 
Gilead and hardly be out of sight of drifted sand for an hour 
at atime. In Wayne, within the last forty years, the sand has 
drifted eastward from one half a mile to nearly one mile, and 
up the western slope of a hill 250 feet high, and now is descend- 
ing the eastern slope. In places the dunes must have traveled 
two miles or more away from the river valley where they were 
originally deposited as valley-drift. Often on hill-sides a pine 
growth is found where one would naturally expect the hard 
deciduous trees. Investigation shows that drifting dunes have 
passed over the hill, and have left more or less sand as a cover- 
ing of the till. The explorer of the drift of Maine soon comes 
to regard this blown sand as perhaps his most protean adver- 
sary, especially when trying to locate the shore line of the 
Champlain sea. It is not, however, the purpose of the present 
writing to treat in detail of the ordinary dunes, but to describe 
two less common phases of wind action. 

I. Till Burrowing.—Not rarely spots bare of vegetation can 
be found on hill-sides exposed to high winds. Here during dry 
days the wind removes the finer parts of the till and drives the 
gravel back and forth just as happens in Colorado during the 
dry winter weather. But the rains fall so frequently in Maine, 
and the ground during the winter is so generally covered with 
snow, that under ordinary conditions the wind is never able to 
blow away much of the till in this manner. A few inches is 
all that I have ever seen thus removed. But along the borders 
of the drifting sands the case is different, especially near the 
tops of hills where the till is not kept moist by springs. Here 
the protecting vegetation has often been destroyed over large 
areas by the drifting sand, and the rapid evaporation from the 
sand seems to keep the till dryer than elsewhere. As a result 
the till is here blown away much more rapidly than usual. | 
Small bluffs are formed, partly owing to the direct effect of the 
wind in blowing away the finer parts of the till, and partly from 
the impact of the blowing sand which is near by. A talus com- 
posed of the coarser gravel and bowlders of the till is thus left 
at the base of the cliff and scattered promiscuously over the de- 
nuded surface. In this way considerable areas of the till have 
in some cases been denuded as the drifting sand traveled from 
place to place. A fine instance of this kind of till-burrowing 
is found on the top of a hill about one mile northwest of 
Wayne village. Here, in 1879, the wind had excavated the till 
to a depth of nearly three feet and the glaciated ledges had 
been laid bare for a distance of several rods. The elaciated 
stones of the till retained their scratches in perfect condition, 



G. H. Stone— Wind Action in Maine. 135 

showing that the process of denudation had been so rapid as 
not to permit much weathering of the stones or much sand- 
polishing. 

II. Sand-Carving.—In Professor C. H. Hitchcock’s Report 
on the Geology of Maine for 1861 (pp. 266-8) reference is made 
to a peculiar train of bowlders found by Dr. N. T. True at Bethel, 
Maine, and described by him before the Portland Society of 
Natural History. A part of Dr. True’s description is as fol- 
lows: ‘‘I wish now,” says Dr. True, “to call your attention to 
a collection of bowlders of a peculiar character found in Bethel, 
in this State. These bowlders are scattered over the surface 
of the soil for several square miles. On one side may be seen 
grooves, scratches, strial and polished surfaces. Nothing of 
this is seen on opposite sides of the same rock. The opposite 
surface is usually angular, as if it had not been subject to 
abrasion since its detachment from the parent rock. Fre- 
quently, as in the specimens before you, may be seen sharp 
angles formed by a different presentation to the abrading sur- 
face. Sometimes the grooves present an undulating surface 
as if it had been subjected to a tremulous movement from the 
impending mass. * * * There is a freshness in their appear- 
ance as if they had been grooved yesterday. ‘They present no 
appearance like rocks on the sea-shore, which have been ex- 
posed to the action of water. They are composed of granite, 
hornblende, and’ grey-wacke slates.” Professor Hitchcock re- 
marks (loc. cit.), “the bowlders in Bethel are very curiously 
shaped ; and it is not easy to say how these shapes were pro- 
duced.” Dr. True sent some of them to President Edward 
Hitchcock of Amherst, who under date of Jan. 16, 1854, writes: 
‘Tam very much puzzled with the specimens. They are dif- 
ferent from anything I have seen, and deserve careful study. 
The grand point of difficulty is to account for the bowlders 
being held in so many different positions in order to be 
scratched, or rather grooved, for the striz are different from 
those in common rock,” Both President Hitchcock and Dr. 
True thought that the peculiar form of these bowlders was due 
to iceberg action, a very natural view considering the then 
prevalent theories as to the origin of the drift. 

The writer first studied these bowlders in the field in 1879, 
when they were pointed out to him by. Dr. True himself. At 
that time, in addition to the characteristic bowlders in the 
vicinity of Bethel, I found one of precisely the same character 
in Gilead, also one about a mile east of Gorham, New Hamp- 
shire. (Dr. True thought they were only to be found at 
Bethel.) It will be seen that these localities are all near the 
Androscoggin river, and but a few miles from the White 
Mountains. The unusually carved bowlders were all found 
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on hillsides above the level of the valley-drift and most of 
them were on the south side of the river on slopes well ex- 
posed to the north and northwest winds. In fields and by the 
road-sides in Bethel, where the bowlders had probably never 
been disturbed by plowing, I made note of the positions of the 
polished faces of hundreds of the bowlders. The polished sur- 
faces were turned in every direction, but more faced the west 
and northwest. Dr. True’s observation that one face of these 
bowlders is usually unpolished was verified, though in one ease 
a bowlder was found polished on all faces. In the majority of 
cases this unsculptured face was the lower face. In the year 
1880, I deposited specimens of the Bethel bowlders in the cabi- 
net of the Boston Society of Natural History, and submitted 
them to several glacialists for examination. But during all of 
this time none of us obtained any inductive clue to the mys- 
tery—the cause of the peculiar carvings. In 1881 I removed 
to Colorado and for the first time saw in the field the sand- 
sculptured bowlders so common in the arid regions, and their - 
forms were seen to be the same as those of the Bethel bowlders. 
Here at last was an opportunity to leave speculation for a valid 
induction. At once several theories were suggested as account- 
ing for the peculiar shapes of the Bethel bowlders, but it has 
been necessary to wait for several years in order to determine 
by observations in the field which one is the, true hypothesis. 
Three of these alternatives are here stated and briefly dis- 
cussed because they bear on the question of the causes of the 
shapes of the drift materials,and this is sure to be a pressing 
and significant question for glacialists to solve. 

1. These bowlders may have been sand-carved by the wind 
in their present positions, and recently. If true, this hypothe- 
sis could easily be verified by finding the process now in op- 
eration. - 

2. They may have been sand-carved by the dashing of the 
rain chiefly. That this is a cause of sand-carving there can be 
no doubt; but if such extraordinary forms as those at Bethel 
are due to this cause, then similar surfaces ought to be com- 
mon everywhere, unless there is something in the Bethel bowld- 
ers fitting them to receive or preserve such polishing better 
than other bowlders. But on the other hand they are only 
ordinary drift bowlders, representing various common rocks; 
they are neither harder nor softer than many others, nor can 
they resist weathering any better. Many of them are of a very 
feldspathic granite, while in others quartz predominates. 

3. They may have been sand-carved by glacial streams. 
Whenever swift sediment-laden streams impinge obliquely 
against a rock surface, that surface is carved into tremulous 
grooves showing many sub-conchoidal depressions very nearly 
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like the Bethel bowlders under consideration. On the average, 
the depressions are perhaps shallower in proportion to their 
breadth when made by water, than when the abrading agent 
is driven by the wind. This kind of sculpturing I have seen 
in a great many places both in Colorado and in Maine, almost 
everywhere, in fact, where the rock does not weather faster than 
the streams can polish the surface. Fine examples can be seen 
at the Rumford Falls of the Androscoggin, also at the High 
Falls of the Saco, rear Hiram. Crystalline rocks are more 
likely to show this kind of eroded surface than sedimentary 
rocks, unless the latter are very firmly cemented. 

So far as my observation goes, sand sculpturing. by flowing 
water only takes place when the water strikes against a surface 
that is stationary for a considerable time. This is not likely to 
happen except in case of the solid rock or of bowlders of con- 
siderable size. The swiftness of current necessary to produce 
sand-carving will from time to time roll the smaller stones and 
bowlders into new positions. ‘The attrition and concussion of 
the stones against each other so modifies the forms due to the 
sand and gravel driven by the water that the stones are rounded 
into pebbles, and do not receive the peculiar conchoidal depres- 
sions and tremulous groovings due to pure sand-carving. 
Thus, for instance, in the beds of the swift streams of the White 
Mountain region, the fall is often 100 or more feet per mile, 
and the bowlderets and smaller stones are well rounded like 
beach or Kame pebbles and cobbles. Some of the Bethel speci- 
mens are only two or three inches in diameter, too: small to 
have been sand-carved by water under ordinary conditions. 
But Bethel was not far from the end of the local Androscoggin 
glacier, and it may be said that it is possible that the peculiar 
carvings were due to sediment-bearing sub-glacial streams acting 
on stones and bowlders which were for a time held fast in the 
ice. «At several points in the Androscoggin valley, between 
Gorham, N. H., and W. Bethel, Me., I have found surfaces of 
the solid rock grooved lengthwise of the valley, i.e, nearly par- 
allel with the flow of the local glacier, which it is well known 
lingered here for a time after the great ice-sheet had melted. 
These were not the ordinary glacial scratches, but had the 
gouged appearance and conchoidal depressions made by sand- 
laden water. Some of these places were above the highest level 
of the river during the Champlain floods. A fair inference is 
that the unusual grooves were probably due to the muddy sub- 
glacial streams of the local glacier. But even if we admit sand- 
carving of the underlying rock by sub-glacial streams, can we 
do it in the case of moraine stuff held in the ice? I have failed 
to find any recorded observation on this point, though the Al- 
pine glaciers ought to afford facilities for such observations. If 
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at Bethel bowlderets and smaller stones were held so long in 
One position in the ice as to be sand-carved, then, either such 
sculptured surfaces ought to be common in the kames, or we 
must re-cast our theories as to the kames being deposited by 
glacial streams. During an investigation of several years, the 
writer has failed to find a well marked instance of pure sand- 
sculpturing in the kames and osars, though now and then there 
are indistinct traces of it. 

During the past summer the writer, in the course of an in- 
vestigation of the glacial gravels of the region, has explored 
the Androscoggin valley from Brunswick to the N. H. line. 
Incidentally the Bethel mystery was solved. In numerous 
places, both in Bethel and elsewhere near the mountains, I 
found bowlders and even small stones which are now being 
sand-carved by the wind as plainly and incontestably as in Col- 
orado. The drifting dunes of fine sand do not produce this 
effect to any great extent, probably because the stones are cov- 
ered and uncovered too rapidly. But there are bare spots not 
protected by grass where coarse sand and gravel are driven 
back and forth by the wind, and here the carved bowlders can 
be seen in considerable numbers and in all stages of the pro- 
cess. In some cases it appeared probable that these bare places 
were where drifting sand had swept over the surface and the till 
had been partially denuded by the wind in the manner before de- 
scribed. It now became evident why one face of the Bethe! 
bowlders is in most cases unpolished. That rough face was the 
under surface, and was protected from the attrition. If a 
bowlder, after having its exposed faces polished, was rolled 
over by the up-turning of a tree or by any other cause, the 
other face or faces became polished also. Where a bowlder lay 
deep in the ground only a small part at the top could be pol- 
ished. If it lay on the surface evidently every face except 
the bottom could be carved simultaneously, provided it was 
not too large. Large bowlders are only carved laterally ; their 
tops, being above most of the flying sand and gravel, weather 
faster than the progress of the attrition. The freshness of sur- 
face noted by Dr. True is due tothe fact that the process 
is recent. Indeed every feature of the Bethel bowlders under 
consideration is fully accounted for by the hypothesis of sand- 
sculpturing under the action of the wind. An accessible 
locality for observing the process of sand-carving now in oper- 
ation 1s found about one mile from West Bethel on the east 
side of the road leading to Mason. The fields around Bethel 
village have so generally been plowed that one finds it hard to 
determine their original condition. 

U.S. Geological Survey, October, 1885. 
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Art. XIV.—The Westward Extension of Rocks of Lower Helder- 
berg Age in New York; by S. G. WILLIAMS. 

In a paper published in this Journal, September, 1885, it 
was shown that the extensive plaster beds of Cayuga County, 
near Union Springs, are associated with limestones both above 
and below them, containing fossils of the Water-lime Group 
and of some of the lower stages of the Lower Helderberg, like 
Hurypterus remipes, Leperditia alta, Nucleospira ventricosa, Meris- 
tella bisulcata and Spirifera Vanuxemi, and hence it was in- 
ferred that their geological position is as high as the summit of 
the Water-lime Group, rather than in the Salina, as they have 
heretofore been thought to be. 

I wish now to return to the subject to show that the Lower 
Helderberg period, including all above the Water-lime Group, 
is represented at least as far west as Cayuga Lake, by lime- 
stones not less than sixty-five feet in thickness, containing an 
unmistakable Lower Helderberg fauna; as well as to compare 
with this series of rocks the results of some examination of 
strata of similar geological position on the outlet of Skaneateles 
Lake and at Oriskany Falls. 

The rock series in Cayuga County which is interposed be- 
tween the gypsum beds and the Oriskany sandstone consists of 
from sixty-five to seventy feet of impure limestones, partly of 
a drab color, and partly blue which mostly weather drab. 
Fossils are quite rare in these rocks, and from this fact, coupled 
with their usual drab color on weathering, and their proximity 
to the plaster beds which were assigned to the Salina period, 
they have hitherto been thought to belong to the Water-lime 
Group, while the Lower Helderberg proper has been thought 
to be unrepresented west of Oneida County. Thus Vanuxem, 
p- 123 of his Report on the 3d District of New York, says that 
the immediate associates of the Oriskany sandstone cease be- 
fore reaching Cayuga Lake, and that the Oriskany rests on the 
Manlius Water-lime; and Professor Hall says, Paleontology 
of New York, vol. ili, p. 37, that the Lower Helderberg, from 
which he excludes the Water-lime, making the Tentaculite its 
base, is scarcely known west of Oneida County. In the final 
reports of the 3d and 4th districts, however, the Tentaculite 
limestone is included in the Water-lime Group, the fossils 
which are figured as belonging to it are chiefly those which 
characterize the Tentaculite limestone, and several of these are 
mentioned by Prof. Hall as occurring at a single locality in 
Ontario County. 
Now rare as fossils are in the strata under consideration in 

Cayuga County, careful search has brought to light a number 
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of moderately fossiliferous localities in which have already 
been found at least fifteen species of fossils, two or three of 
which are probably undescribed, though showing apparent 
Lower Helderberg affinities, while the remainder all belong to 
the lower members of the Lower Helderberg, and not one has 
yet been found which is distinctive of the Water-lime. Le- 
perditia alta, which occurs somewhat frequently in the beds be- 
low the gypsum in close proximity to Huryplerus, has not yet 
been found above. Spirifera Vanuxemi, which with Leperditia 
aia igs so abundant in the Tentaculite limestone of Schoharie 
County, and which occurs in lke association in the Lower 
Helderberg rocks at Put-in-Bay, Ohio, has been found well- 
preserved about eight feet above the gypsum, at the only point 
where it has been laid open with a roof of rocks; and traces 
of it have also been found at some other stations, one of which, 
though a somewhat doubtful occurrence, is only about ten feet 
below the Oriskany sandstone. WStrophodonta varistriata and 
Ehynchonella semiplicata are tolerably abundant at two or three _ 

‘localities; Strophodonta planulata ? occurs in a blue stratum not 
far below the Oriskany, associated with an aviculoid shell prob- 
ably Megambonia aviculoidea ; and the lamellibranch which is 
described as Anatina ? sinuata in vol. ii of New York Paleon- 
tology, is found more abundantly and better preserved in a 
bluish limestone near the base of the series than as yet it has 
been discovered elsewhere. Tie most abundant fossil is Stro- 
matopora, which is found near the base of the series and at its 
very summit, and at two localities a half mile distant from each 
other forms a large part of a stratum nearly four feet thick. 
With it is associated occasionally Favosites Helderbergie and a 
species of Zaphrentis. Besides these fossils, Nucleospira ventra- 
cosa and WMeristelia levis occur very sparingly, the former hay- 
ing been found at a single locality, and a small form of the 
latter at two; and there are also, besides undeterminable im- 
pressions of a medium-sized Rhynchonella, a Lingula, a large 
Platyceras, and a branching fucoid which seems to be unde- 
scribed, as also a curious fragment which may possibly prove 
to be a longitudinally fluted Orthoceras. Sparing as are the 
fossils of these rocks, it may easily, be seen that they are all 
Lower Helderberg forms which prevail chiefly in the Tentaca- 
lite and Lower Pentamerus divisions, with a few somewhat 
doubtful forms of the Delthyris Shaly Lime. Professor James 
Hall, who recently made a brief examination of this series of 
fossils, recognized their character as distinctively Lower Helder- 
berg. There are however no indications of the subdivisions 
which make so striking a figure in the eastern part of the State ; 
nor could these be expected amid such general uniformity of 
lithological character as here prevails. It is of interest never- 
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theless, to learn that the circumstances which favored the depo- 
sition of a series of limestones of diverse physical characters 
with a rich and varied fauna in Kastern New York during the 
Lower Helderberg period, were not wholly interrupted farther 
westward, as has been supposed, at the close of the Water- 
lime epoch ; but continued in a modified form and under sim- 
pler and more uniform conditions possibly to its very close, 
marked by the prevalence only of a few of the hardier and 
more persistent forms of life. 

The limestones which underlie the Oriskany sandstone on the 
outlet of Skaneateles Lake, about fifteen miles east of the region 
just described show an exposure so far as they are laid open by 
quarries, of thirty-five feet, but Mr. EH. B. Knapp, a careful local 
geologist, judges their entire thickness to be more than double 
this. Any attempts at inferring the thickness of these beds with- 
out actual measurement is, however, liable to errors, since the 
loeal disturbances which were noted in my paper on the age of 
the gypsum deposits as affecting the corresponding strata on 
Cayuga Lake, occur here also, the extensive quarries revealing a 
synelina] bend of a few degrees dip, and with an east and west 
strike. ‘he beds which admit of definite measurement consist, in 
ascending order, of nine feet of bluish limestone well supplied 
with Strophodonta varistriata and Spirifera Vanuxemi ; from ten 
to eleven feet of dark drab beds in three seams which are 
largely burned for hydraulic lime; three feet and a half of blue 
limestone which is highly esteemed for quicklime; and twelve 
feet of blue limestone of highly variable and often siliceous 
character. Immediately beneath the Oriskany sandstone the 
upper member of the series is replete with .Stromatopora and 
Leperdita alta, and contains besides, Spirorbis laxus, somewhat 
abundant and beautifully preserved Holopea (Littorina) antiqua, 
and occasional Havosites Helderberqie. I have observed also 
with these a single example of Spirifera Vanuxemi, although 
Mr. Knapp assures me that it rarely occurs above the Hydraulic 
lime. ‘The small series of fossils here enumerated, as well those 
prevailing below the hydraulic beds as those which are found 
above, certainly indicates the horizon of the Tentaculite Lime- 
stone as it occurs in the eastern part of the State; and the sim- 
ilarity to that group is strengthened by the occurrence at its 
summit of a bed of Stromatopora, recalling the “ thin mass of 
limestone consistiig almost entirely of the coral Stromatopora, 
and constituting a very persistent member of the group,” 
which Professor Hall gives, p. 37, vol i, of New York Paleon- 
tology, as the uppermost member of this limestone in the east. 
Whether however this fact indicates that strata synchronous 
with the higher members of the Lower Helderberg series were 
never deposited in this region, where the limestones are suc- 
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ceeded regularly by the Oriskany sandstone without any visible 
indications of an intervening land condition; or whether it 
may be interpreted as due to the persistence of species which 
alone were adapted to the conditions of existence here pre- 
sented, is a question to which it is not easy to give a definite 
answer. The fact that several species indicating higher hori- 
zous are intermingled with some of these on Cayuga Lake, and 
that two of the Skaneateles species occur with a few others in 
apparently correspondent strata still farther westward in On- 
tario County (Report on 4th District, p. 141) may possibly give 
some support to the latter hypothesis ; as may also the occur- 
rence of S. Vanuxemi and Tentaculites gyracanthus high up in 
the thick Lower Helderberg series of Pennsylvania. (Report, 
H?, pp. 61 and 182.) 

The exposure of Lower Helderberg rocks at Oriskany Falls, 
eighteen miles south of Utica, is interesting, partly because it 
is so laid open by deep and extensive quarries as to give nearly 
a complete section of about 120 feet of rocks, 115 feet of which 
ean be definitely measured from the Oriskany sandstone, here 
ten feet thick, down to the bank of the abandoned Chenango 
canal; and partly because, while highly fossiliferous at several 
levels, it shows the condition and tendencies of the Lower 
Helderberg limestones at a point nearly midway between Scho- 
harie County and Cayuga Lake. The uppermost twenty-five 

fect of limestones at this locality which are largely covered by 
soil, where they are revealed at top and bottom, are shown to 
be a gray, sub-crystalline rock which, where it can be reached 
immediately beneath the Oriskany, is replete with Merista 
arcuata and an occasional Strophodonta radiata. At the base of 
this series of gray beds is a remarkable seam, about a foot thick, 
filled with Pentamerus galeatus and P. Verneuilli, Rhynchonella 
mutabils and R. altiplicata, Atrypa reticularis, Orthis concinna, 
Strophodonta varistriata, S. punctulifera and S. planulata, and 
oceasionally Spirifera Saffordi and several other species, the 
same fossils being also somewhat abundant in the three to four 
feet above this seam which are opened by the quarries. In- 
deed the difficulty in establishing any divisions like those 
farther eastward, is not, as Professor Vanuxem found it here 
forty-five years ago, from a scarcity of fossils, but from the 
complete intermingling of Lower Pentamerus and Shaly Lime 
species, both in these beds and in the limestones for fully forty 
feet below them. Just beneath the Oriskany indeed, at the 
single point where it could be conveniently reached, I found 
only the two Shaly Lime species that have been named ; but it 
is quite possible that this is merely a casual occurrence, and 
that were these beds as thoroughly opened as those below, the 
same intermingling of species would be found to hold good. 

~~? ioe 2 a 
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These gray beds are also, as Vanuxem remarked, dissimilar in 
physical character to the Shaly Lime of Schoharie County, 
and, though gray and somewhat crystalline, bear no great re- 
semblance to the rough Pentamerus limestones of the eastern 
localities. 

Below these gray beds, the limestones for about ninety feet 
are of a prevailing blue color, and, with an exception presently 
to be mentioned, are so pure as to be very largely quarried for 
lime-burning and for a flux in the iron furnaces a few miles 
north near Clinton. For twenty-nine feet below the gray beds, 
these blue limestones show but few fossils save Havosites Helder- 
bergice and Stromatopora which are tolerably abundant. Below 
these occur about seven feet of impure, slightly magnesian, 
grayish beds, often highly laminated and occasionally present- 
ing beautiful ripple-marks, testifying to a considerable tempo- 
rary change in the conditions of deposition. The impurities 
in these beds, amounting to 20 per cent of insoluble matter 
chiefly siliceous, render them .unfit for lime-burning, and they 
are used for building stone. Though not remarkably rich in 
fossils, many of the slabs show fine large pygidia of Dalmania 
pleuroptyx and occasional Discina discus, and I observed one 
large slab which, besides several individuals each of these two 
species, had also a beautiful Conularia unlike those described in 
vol. ii, Paleontology of New York. Daimania pleuroptyx con- 
tinues for several feet below the building stone beds, from 
which point downward for about forty-five feet few fossils are 
seen save Stromatopora, FHavosites Helderbergie, Strophodonta 
varistriata, and rarely Spirifera Vanuxemi. Huomphalus sinu- 
atus has also been given me as from these beds. Near the base 
of the 115 feet of strata which I measured, Stromatopora is 
found very abundantly associated with S varistriata in thin- 
bedded limestones. In beds a little below my measured sec- 
tion, reached by going northward along the banks of the aban- 
doned canal, since its waters flow northward while the strata 
all dip gently south, Spurifera Vanuxemi and Leperditia alta are 
found in great abundance with a few Spirorbis laxus and 
Cheeteles fructicosus, while an occasional thin layer abounds in 
the Tentaculite which occurs in such myriads at a like horizon 
in the eastern localities. 

The lower strata of the series for nearly fifty feet contain, 
therefore, apparently only fossils which are found commonly 
in the Tentaculite limestone, and they doubtless correspond 
well with that stage. Possibly also the very uppermost beds, 
unlike as they are in physical character to the Shaly Limestone 
of the eastern counties, may be parallel with that horizon; but 
from the complete intermingling of forms characterizing the 
Lower Pentamerus and the Shaly Limestone in fully fifty feet 
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of strata, including at least a portion of the gray beds, it does 
not seem possible to separate these groups definitely, while 
nothing answering to the Upper Pentamerus occurs here. 

This description of the Lower Helderberg at Oriskany Falls 
has been given to call attention to the fact that a series which 
in Schoharie and Albany Counties presents four stronely 
marked changes in rock characters, accompanied by consid- 
erable differences in the grouping of specific forms, has here, 
with some apparent diminution of total thickness, become of 
much more uniform lithological character, even the gray lime- 
stones which crown the series lacking that massive and rough- 
weathering appearance which is so prominent at the east; and 
that this simplification of rock characters is accompanied by a 
tendency to obliteration of any definite divisions characterized 
by distinctive groups of fossils, the Tentaculite limestone hori- 
zon only being here clearly marked, and showing a tendency 
to retain its dominant life characters after the individuality of 
the other divisions has been lost by tbe blending of their 
faunas. In the Skaneateles section, as has already been seen, 
the life of the Tentaculite Lime only is represented, with the 
exception of Favosites Helderbergice, and the beds worked for 
hydraulic lime occur near the summit of the series; while on 
Cayuga Lake the seventy feet of limestones to which the Lower 
Helderberg, exelusive of the Water-lime, is there reduced, bave 
all subdivisions quite obliterated, contain Stromatopora at two 
different levels and probably at three, and, while retaining two 
or three common fossils of the Tentaculite, vindicate their 
right to represent a large portion if not the whole of the Lower 
Helderberg period by containing a considerable number of its 
characteristic forms, including Platyceras, unmixed with any 
Water-lime species, as well as by lying above strata holding 
Eurypterus and Leperditia alta. 

It may be remarked that the three sections that have here 
been given, as well as the widely-known series in Schoharie 
County with which they have been compared, all have well- 
developed Oriskany sandstone to mark their upper limit, show- 
ing the probability that all are equally complete as they were 
deposited, and if so, that all are probably synchronous since 
they are all equally free from any indications of having been 
withdrawn from deposition by becoming land areas. If this 
be true, their differences both of lithology and life must be due 
to differences in circumstances of deposition in different por- 
tions of the same long Silurian coast-line. Indeed, when it is 
considered that the Onondaga Salt series, which is very thick 
in Ontario and in Western and Central New York, thins out 
entirely in the east; that the non-saliferous representative of 
the Onondaga (Salina) in Pennsylvania has, in a portion of its 
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extent, many interstratifications of hmestones in the upper two- 
thirds of its thickness, and where thickest in Perry County, 
contains the Lower Helderberg forms, Leperditia alta and Bey- 
richia notata, low down in the series, while according to Prof. 
Claypole it is not definitely separable from the Lower Helder- 
berg above (Pennsylvania Reports, I’, G* and G’); and that 
the Lower Helderberg which is very thin in Ohio, Ontario and 
western New York, thickens eastward, shows its distinctive 
life characters on Cayuga Lake, and attains its fullest and most 
diversified development in eastern New York, where the salif- 
erous series has quite died out. It seems not impossible that 
these two formations, usually considered distinct, may have 
been to a large extent simultaneously deposited, the one in 
lengthened basins near the sea border, which when filled with 
their peculiar accumulations, gave place to sea-shore deposits 
of limestones, often impure, as in the west; the other, in open 
waters which, at first contaminated with mechanical sediments, 
later became clear, and in which, from oscillations of level affect- 
ing chiefly its eastern areas, limestones of varied characters 
were accumulated whose western extension had little variabil- 
ity. Under such circumstances, it would not be difficult to 
conceive why the Lower Helderberg should thin to the west- 
ward where thé Salina appears in greatest volume, nor why it 
should there be represented by impure limestones, resembling 
the lowest portion of the eastern series, while more nearly 
synchronous with its higher portions. It would also be nat- 
ural to expect, in this case, that the fauna of the western strata 
would consist of forms migrating from the east, and, on this 
account, partaking largely of the life characters of the lower 
eastern deposits, since such migrations are likely to take place 
very slowly. 

Art, XV.—Meteorie Iron from Jenny's Creek, Wayne County, 
West Virginia; by GEorGE F. Kunz. 

[Read at New York Academy of Sciences, Nov. 30, 1885.] 

DuRING the early part of last April a 9-ounce piece of min- 
eral, supposed to be silver, was sent to Dr. H. G. Torrey for 
determination, by Major Delafield Du Bois, of Charleston, West 
Virginia. Dr. Torrey found it on examination to be an iron of 
meteoric origin, and kindly loaned it to me for description. 
The piece delivered to me was supposed to be all of the fall, 
and on this supposition it was described as the Charleston, 
Kanawa County, West Va., meteorite, in a paper read at the 
Ann Arbor meeting of the American Association. Through the 

Am. Jour, Sci.—THirp SERIES, VOL. XX XI, No. 182.—Fsp., 1886. 
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kindness of Major Du Bois, Mr. J. F. Hoard and Dr. John N. 
Tilden, who went to considerable trouble in ascertaining it, I 
am able to announce the true locality. 

Mr. Hoard writes that the iron was found on land belonging 
to Maston Christian, situated on the “Old Fork” of Jenny’s 
Creek, a tributary of the “Tug Fork” of Big Sandy River 
(Tug Fork being the boundary line between West Virginia 
and Kentucky), in the upper end of Wayne County. The 
pieces were all found in the creek bed, i.e. the ravine or gulch 
through which the creek flows. The first piece, weighing 
probably two or three pounds, was found by Christian’s wife 
sometime earlier than the spring of 1883. It was supposed to 
be simply a rich “kidney” of limonite, and was soon lost sight 
of. In the spring of 1883, however, a second piece was found 
by Christian himself while drifting staves in the creek. This 
piece, which weighed about twenty-three pounds, created con- 
siderable excitement and speculation. It is even stated that a 
shrewd speculator, who had in his possession a lump of the 
metal, had realized largely by burying it on different ‘ands, 
digging it up again, and then selling the pieces of property 
successively as being silver-bearing. The rumor was current 
that the vein was from nine to sixteen inches thick. It was 
broken up and distributed among several parties interested in the 
find, and as it was friable, much of it was lost in this manner. 
About the first of December, 1885, a third fragment was picked 
up by Mr. Christian in a pool cf still water, only about fifteen or 
twenty feet from where he had found the other. It weighs 535 
grams (about seventeen ounces), is all broken except one side 
which is altered to limonite and has no visible trace of unal- 
tered crust. Its measurements are 88™, 57™™, and 46™™. The 
total amount found thus far in the three pieces is probably 
twenty-six or twenty-seven pounds. Both of these latter pieces 
were found in water and had a coating of rust or earthy mat- 
ter similar to that found on “kidneys” of ore, which was 
removed easily with the hands or by washing. 

The iron is octahedral and made up of crystalline blocks 
of plessite and kamacite, irregular in shape, brittle, having 
rounded ends and cleaving readily. Between these are also 
thin, springy and flexible folia or plates of schreibersite, some 
of which are 6 or 8™ square. The latter mineral was also 
observed in two other small pieces sent to me. ‘Troilite was 
also observed in these. The original weight of the piece loaned 
me for description was 275 grams; one small slice of 345 
grams weight had been removed to show the internal structure,- 
so that the larger piece, fig. 3, now weighs 228-2 grams. The 
three cuts show the exact size of these pieces, and the mark- 
ings on the etched surface as well as the octahedral structure 
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on the exterior of the iron have been accurately reproduced 
by photography direct from the iron. (Original size as fol- 
lows: length, 66™; width, 4057; height, 335™™.) The 
exact date of the fall of this iron is not known, and the surface 
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where not cracked off is altered to limonite to a depth of 2™™. 
It belongs to the “ grobe Lamellen” of the new classification of 
Dr. A. Brezina. The Sevier County, Tenn., and the Arva 
irons nearest approach it in structure. The following analysis 
was kindly made by Mr. J. B. Mackintosh, H.M., of the 
School of Mines, New York :— 

LG RON aR 2 An nA aa aT AN BU aN UO ea eC 91°56 
Ios pHonuspe ie ee ietee Jee ie a A as ras 0°13 
Nickel and cobalt (by difference) .-..._..--- 8°31 

100°00 

The specific gravity of the figured mass is 7:344. The iron 
does not show any Widmannstiitten figures, the crystalline 
structure being really brought out in relief by the schreibersite 
between the crystalline surfaces of the iron. 

Since this iron was broken and scattered in small pieces, we 
may expect to see them turn up as a number of different falls, 
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but the coarsely crystalline structure, and the broken appear- 
ance of the pieces which are characteristic of this fall, will 
at once identify them. 

The late Judge M. J. Ferguson, while residing at Louisa, 
Ky., communicated to Mr. S. Floyd Hoard, that one summer 
about five years ago, at about 1 A. M., he witnessed a meteor 
of wonderful brillianecy falling in the direction of the spot 
where these fragments have since been found; and that he 
predicted at the time that one would probably be found in 
that vicinity. The windows facing that way were open, and 
the curtains drawn back. The light was as brilliant as noon- 
day, and of sufficient duration for him to step to the window 
and see the meteorite fall, as he thought a short distance away, 

‘and surely within the limits of Wayne County. 
There is, therefore, a strong probablity that the pieces now 

being described are fragments of the identical meteorite which 
startled Judge Ferguson on that night. The fact that these 
masses of meteoric iron were found in water, and that all the 
branches of the creeks in this county are subject to strong ~ 
floods of a few hours’ duration, but while they last, sufi- 
cient to float logs, may account for the finding of these three 
pieces (evidently fragments of one piece of very friable iron), 
scattered as they were, and also for the oxidation of the crust 
of the iron, which might have remained intact for a much 
longer period, had the meteorite buried itself in the earth. Of 
the twenty-six or twenty-seven pounds which were found, only 
about two pounds have been preserved. I am under obliga- 
tions to Major Delafield Du Bois, S. Floyd Hoard, and Dr. 
John N. Tilden, for obtaining information and material. ; 

SCIENTIFIC INTELLIGENCE. 

I. CHEMISTRY AND PHyYSICcs. 

1. On the Separation of Liquefied Atmospheric Air into two 
layers.—In his first paper on the liquefaction of air, WROBLEWSKI 
noted the fact that the phenomena observed were not those of a 
simple gas, but resembled more nearly those of a mixture, the 
components of which had different laws of liquefaction. The 
critical point so-called, of air for example, arises only from the 
fact that the tension-curves for oxygen and nitrogen agree so 
closely ; the pressure lying between 37 and 41°3 atmospheres, and 
the temperature between —140°'8 and —143°. In the present paper 
the author shows that when air is liquefied under high. pressures 
and then exposed to a pressure of only one atmosphere, the oil 
ing point rises gradually from —191°4° to —187°, owing to a 
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change in the composition of the liquid, the nitrogen evaporating 
more rapidly than the oxygen and the boiling point approaching 
that of oxygen, —181°5°. When evaporated in oxygen, the ten- 
sion steadily diminishes and the temperature passes through a 
series of maxima and minima. But morethanthis. The liquefied 
air may separate into two distinct layers differing in appearance 
and in composition and defined by a sharp meniscus. To obtain 
this separation, a certain quantity of air is liquefied at —142°, and 
gaseous air allowed to enter into the tube until the pressure is 40 
c. m. and its optical density is equal to that of the liquid, the 
meniscus entirely disappearing. ‘The pressure is then slowly re- 
duced, and when it reaches 37°6 atmospheres, a new meniscus 
forms at a point in the tube much higher than the place previously 
occupied by the vanished meniscus. Presently the former menis- 
cus reappears in its old position and two liquids are distinctly seen 
superposed. In some seconds bubbles form at the lower meniscus, 
rendering the upper liquid opaque and ultimately destroying the 
dividing meniscus and leaving a homogeneous liquid. By the in- 
troduction of a small metal pipette the author has removed por- 
tions both of the upper and of the lower layer and has analyzed 
them. The lower liquid contained 21°28 to 21°5 of oxygen, the 
upper one 17°3 to 18°7. This experiment clearly shows that the 
disappearance of the meniscus of a liquid when it is obtained by 
increasing the pressure exerted by a gas on a superposed liquid, 
does not effect a solution of the liquid in the gas.—C. &., ci 
655, Sept. 1885; Phil. Mag., V, xx, 463, Nov. 1885. GF. B. 

2. On the Velocity of the Explosive wave in Liquid and Solid 
Detonants.—BERTHELOT has supplemented his researches on the 
velocity of propagation of the wave of exploding gases, by a simi- 
lar series of investigations on the velocity of the explosive wave 
in detonating solids and liquids. For this purpose the explosive 
was placed in a tube of block tin or lead, or an alloy of the two, 
one to two millimeters in interior diameter and of varying length 
up to 100 or 200 meters. It was distributed as uniformly as pos- 
sible, and in some cases compressed in the tube. The explosives 
used were gun cotton, both in the ordinary form and granulated, 
nitro-starch, nitro-mannite, dynamite, nitroglycerin and panclas- 
tite. Most of the measurements were made on Sébert’s velocime- 
ter, though a fall-chronograph and a Le Boulengé chronograph 
were also used. At the ends and at 25 meter intervals, the tube 
containing the explosive was surrounded by fine conducting wires 
leading to the registering electro-magnets. These wires being 
successively ruptured by the explosion, the order of the phenome- 
non was registered on a smoked surface, simultaneously with the 
vibrations of a tuning fork of known rate. A single experiment, 
made on the 27 Sept., 1882, will show the method of operating. 
Tubes 6 mm. interior and 10 mm. exterior diameter, were filled 
with nitroglycerin. The progress of the wave of explosion was 
registered on a Le Boulengé chronograph by the breaking of the 
copper wires attached to the tube. ‘The explosion was effected by 

b) 
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means of 1°5 grams fulminate in one end of the tube. In the first 
trial the tube used was 14°46 meters long between the interrup- 
ters, the first of these being placed 4 cm. behind the detonator, 
and the second 4 cm. from the other end. The time required for 
the wave to travel through the tube was 0:013980 second ; which 
gives 1034°4 meters as the velocity of the explosive wave. Ina 
second trial, in which the tube was 11°77 meters long, the time 
was 0°011491 second; giving a velocity of 1024°3 meters. The 
results show that the velocity is affected by the compactness of 
the charge, the size of the tube and even by the material of which 
itis made. With ordinary gun-cotton for example, experiments 
made in 1884 show that in lead tubes 4 mm. external diameter, 
the density of the charge being from 1 to 1:2, the mean velocity 
for lengths of 100 meters varied from 4952 to 5500 meters per 
second, and for successive intervals of 25 meters, from 4671 to 
5980 meters per second. In tubes of tin, the density of charge 
being 1:2, the velocity was from 5736 to 6136 meters per second 
in tubes 4 mm. external diameter, and 5845 to 6672 meters for 
those of 5°5 mm. diameter. For gun cotton from hydrocellulose, 
the mean velocity in tin tubes of 4 mm. diameter was 5916 meters, 
and in those of 5°5 mm. 6100 meters; the velocity in lead tubes 
4 mm. diameter being 5200 meters. With granulated gun cotton 
densely charged, 1°17, in a 4 mm. tube, a velocity of 4770 meters 
was obtained. In lead tubes 5°5 mm. external diameter, the 
density of the charge being 1:27, the mean velocity was 5406 
meters. With a less density of charge, 0°67 to 0°73, in lead tubes 
8:44 to 10°6 mm. external diameter, the mean velocity varied from 
3767 to 3795 meters. With nitro-starch, in a tin tube 4 mm. diam- 
eter, the density being 1:2, the velocity varied from 5222 to 5674 
meters, and in a tube 5°5 mm. 5816 meters. Ina lead tube of 4 
mm. the density being from 1°1 to 1:2, the velocity varied from 
4886 to 5006 meters; rising to 5512 when the density was in- 
creased to 1°35. Nitromannite with a density of 1°5 gave a veloc- 
ity of 6965 meters; with a density of 1:9, of 7705. Nitroglycer- 
in could not be made to detonate in lead tubes smaller than 3 mm. 
internal diameter, unless the temperature was above 14°. Tubes 
of this size placed in the sun gave velocities of 1310, 1015 and 
1286 meters. Dynamite in Britannia tubes 3 mm. internal diame- 
ter, gave a velocity of 2333 to 2753 meters. In lead or Britannia 
tubes 6 mm. interior diameter from 1916 to 3180 meters; the 
mean of all being 2668 meters. Panclastite (equal volumes of 
petroleum of gravity 0°710 and hyponitric acid) in a tube of tin 5 
mm. in diameter and 25 meters long, gave unsatisfactory results. 
By using equal volumes carbon disulphide and hyponitric acid, 
in a lead tube 3 mm. in diameter, a velocity of 4685 meters was 
obtained in one experiment and 6658 meters in another.—Ann. 
Chim. Phys., V1, vi, 556, Dec. 1885. G. F. B. 

3. On the Visible representation of the Ultra-red Rays.—In the 
well known experiments of Tyndall on Calorescence, the focus of 
the ultra-red rays, obtained by means of an absorption cell filled — 
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with a solution of iodine in carbon disulphide, is made evident by 
the incandescence of a platinum plate. LomMmeEn suggests the use 
of phosphorescent substances to render this focus visible. Bal- 
main’s luminous paint answers the purpose ; but the author prefers 
a greenish-blue phosphorescent calcium sulphide. When this has 
been made slightly phosphorescent by ordinary daylight, it 1s in- 
creased to a bright luminosity by the less refrangible, especially 
the ultra-red, rays. When the radiation is moderately strong, 
this luminosity ]asts for hours and is visible for some time even 
after the radiation ceases. Then a dark spot takes the place of the 
bright one, the luminous power having been diminished or en- 
tirely destroyed in consequence of the increased emission. If the 
powder be placed between two plates of glass, the ultra-red por- 
tion of the spectrum produces a greenish-blue phosphorescence 
visible on both sides of the glass. If the dark focus be received 
on this screen, it appears as a bright spot on a feebly luminous 
ground, which changes into a black spot after some time, looking as 
if a hole had been made through the luminous surface. The 
author suggests the use of a solution of nigrosin in chloroform or 
alcohol in place of the iodine in carbon disulphide employed by 
Tyndall, for filtering out the luminous rays. The nigrosin trans- 
mits only ultra-red rays. Since these rays are considerably ab- 
sorbed by alcohol the solution in this menstruum answers well 
for the above described experiment, since the phosphorescent 
luminosity lasts longer. The solution in chloroform is much more 
diathermanous and answers well for showing the thermal effects at 
the focus. So sensitive are these phosphorescent substances to 
the ultra-red rays, that the flame of gas, of a lamp or even of a 
candle may be made to show the phenomenon. Using a lens and 
a cell filled with the black liquid, a sharp bright image appears on 
the screen, which gradually diminishes and finally changes into a 
dark image on a brighter ground.— Wied. Ann., II, xxvi, 157, 
1885; Phil. Mag., V, xx, 547, Dec. 1885. G. F. B. 

4. Improved method of preparing Nitrogen diovide.-—KaEm- 
MERER has suggested an improved method of preparing nitrogen 
dioxide by which a much steadier flow of this gas is secured. 
The apparatus consists of a two-necked Woulfe’s bottle, having 
a dropping funnel in one of the openings and an evolution 
tube suitable for washing or drying the gas in the other. The 
bottle is one-third filled with a saturated solution of sodium 
nitrate, and strips of copper are introduced. To evolve the gas, 
concentrated sulphuric acid is allowed to flow into the bottle 
more or less rapidly according to the quantity of gas desired. 
With a bottle of two liters capacity and a funnel-tube of 500 ¢. ¢., 
the yield of nitrogen dioxide gas may be maintained steady at 
the rate of a liter in five minutes.—Ler. Berl. Chem. Ges., xviii, 
3064, Dec. 1885. Ga hemeBs 

5. On the Action of Carbon monoxide and the vapor of 
Water at high Temperatures.—NauMaNN and Pistor have con- 
tinued their researches on the phenomena attending the produc- 
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tion of water gas and have now studied the reaction which takes 
place at high temperatures between the vapor of water and car- 
bon monoxide. The gases were passed through a glass tube con- 
taining a layer of pumice-fragments 80 cm. long. The carbon 
monoxide prepared from potassium ferrocyanide and sulphuric 
acid and purified from oxygen and carbon dioxide by phosphorus 
and potassium hydrate, passed through water heated to 80° on its 
way to the tube; thus giving a mixture of about equal mole- 
cules. The tube was heated in a combustion furnace, the temper- 
ature being determined by means of the melting of salts of known 
fusing points. In the first experiment, in which the temperature 
lay between the fusing point of silver iodide (530°) and pyrophos- 
phate (585°) the evolved gas contained no carbon dioxide and 
after explosion with oxygen no indication of the presence of 
hydrogen; a result confirmed by a second experiment. In the 
third experiment, the temperature was carried to between 602° 
and 634°, and the evolved gas contained 1°5 per cent carbon 
dioxide and 3 per cent hydrogen. For higher temperatures, por- 
celain tubes were used 8 mm. diameter, heated in a Fletcher 
furnace. The carbon monoxide, carefully freed from the dioxide 
and oxygen was mixed with water vapor and in the fourth exper- 
iment passed into the tube, heated in the furnace to between 861° 
and 854°. On analyzing the issuing gas, 8 per cent of carbon 
dioxide was found present. In the fifth experiment, the tube was 
filled with pumice for a length of 25cm. The gas evolved con- 
tained 10°6 per cent carbon dioxide. Since the silver spiral 
placed in the tube had melted and the copper spiral had not, the 
temperature reached must have been 954°. Hence it appears 
that no apparent reaction takes place between carbon monoxide 
and water vapor at 560°; that at 600° about 2 per cent, at 900° 
8 per cent, and at 954° about 10°5 per cent of the monoxide is 
converted into dioxide. Thus the very conditions which oppose 
the action of hydrogen upon carbon dioxide, favor the action of 
water vapor upon carbon monoxide.—Ber. Berl. Chem. Ges., 
Xvill, 2894, Nov. 1885. GF. B. . 

6. On the Atomic weight of Cerium.—BRAUNER has made an 
elaborate investigation of the cerium group of metals and now 
gives the results of his determinations of the atomic weight of 
cerium. For this purpose anhydrous cerous sulphate was em- 
ployed, the atomic weight being calculated from the ceric oxide 
which this salt left on ignition. For the preparation of the sul- 
phate, the crude oxides obtained from cerite were dissolved in 
nitric acid, the excess of acid removed by evaporation, the syrupy 
liquid slightly diluted and poured into a large quantity of pure 
boiling water. Almost the whole of the cerium present was pre- 
cipitated as basic ceric nitrate. After washing this was dissolved 
in nitric acid and again precipitated with water; thus obtaining a 
series of fractions. To obtain the cerous sulphate, the ceric 
nitrate was dissolved in sulphuric mixed with sulphurous acid; 
the excess of acid evaporated, the heavy metals precipitated with 
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hydrogen sulphide, and finally a crystalline salt of the formula 
Ce,(SO,),(H,O), was thrown down by adding three times the 
volume of alcohol. A second precipitation gave perfectly neu- 
tral cerous sulphate. For final purification, the salt was dis- 
solved in cold water, and the beaker containing it was plunged 
into boiling water. On stirring it a fine crystalline powder 
Ce,(SO,),(H,O), was thrown down which was collected for use. 
To dehydrate it, it was heated in the vapor of boiling sulphur; 
since at this temperature it loses its water entirely, but is not 
otherwise altered. For the analysis a weighed portion of the 
anhydrous cerous sulphate was placed in a double crucible and 
exposed for ten or fifteen minutes to the flame of gas fed with air 
by a Fletcher’s injector. It was then cooled and weighed. The 
greatest care was taken in all the experimental work, of prepara- 
tion as well as analysis; and is detailed in the memoir. The 
result of twenty-three determinations is given, the maximum 
atomic weight being 140°433 and the minimum 140-033, the mean 
value being 140-2210; thus harmonizing the periodic values of 
the group.—J. Chem. Soe., xlvii, 879, Nov. 1885. G. F. B. 

7. On the Synthesis of Cocaine and its Homologues.—By 
treating anhydrous ecgonin with benzoic oxide and methy] iodide 
for ten hours to 100° in a sealed tube, Merckx has produced 
cocaine. Substituting ethyl iodide, the same reaction gave him 
its ethyl-homologue, which crystallizes from alcohol in brilliant 
prisms fusing at 108°-109°. Platinum chloride produces even in 
very dilute solutions of its salts a yellow precipitate soluble in 
hot water and crystallizing on cooling in brilliant yellow rhom- 
bic plates. Ladenburg proposes for it the name cocethyline.— 
Ber. Berl. Chem. Ges., xviii, 2952, Nov. 1885. @5 ins, 33, 

8. Electrostatic Battery.—Myr. Damien having conducted inves- 
tigations during a period of ten months upon single liquid batteries 
of various kinds, concludes that a cell formed of zine and copper 
with the sulphate of magnesia is the best for electrostatic meas- 
urements. Instead of increasing the resistance of the cell by 
mixing the sulphate with plaster of Paris as in the Beetz cell, he 
puts in an outside resistance. With a resistance of 20,000 ohms 
in the circuit the cell remained constant even when short circuited. 
He finds that the electromotive force of this cell is very nearly 
constant, and is not sensibly affected by slight changes of tempera- 
ture or by the concentration of the solution. Ann. de Chim. et 
de Phys., 16° série, t. vi, Nov. 1885. A. L. MOR. 

9. Handbook of technical Gas-Analysis; by CLEMENS W1NK- 
LER; translated with a few additions, by GrorcE LunzE. 125 pp. 
Svo. London, 1885, (John Van Voorst).—The contributions of 
Dr. Winkler to technical gas-analysis have given him a foremost 
position among the writers upon this subject. This volume, 
though small in extent contains the practical instructions needed 
as well by teachers as by technical workers, and ought to be in 
the hands of all interested in the subject of which it treats. The 
name of the translator is a sufficient guarantee of the character of 
his part of the work. 
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10. Alternating Currents of Electricity ; by THomas H. BuaKzs- 
LEY. 90 pp. 8vo. London, 1885.—This volume contains a series 
of papers, reprinted from the pages of the Electrician, discussing 
by the geometrical method alternating or harmonic currents of 
electricity. 

@ 

II. GxoLocy anp NaturAu History. 

1. Dr. Frazer’s Report on the International Geological Con- 
gress.—Dr. Frazer’s Report published in the last volume of this 
Journal has had high commendation from the Secretary of the 
Congress.* In two points there were misunderstandings, and 
he has sent the following corrections. 

(1.) Dr. Newberry corrects the last two words of the 18th line 
from the bottom of p. 469 in the last volume of this Journal from 
“no strict” to “a strong,” thus making the sentence read . . . 
“Cand there is a strong line of demarcation between the Trias and 
the Permian.” But he prefers to omit this line altogether. He 
sends the enclosed note of his remarks on this subject in extenso. _ 

““In the discussion on the Permian, in North America, I said that 
‘In North America there is no strict line of demarcation between 
the Permian and Coal-measures, one shading into the other 
imperceptibly in stratification and fossils; there is no physical 
nor vital break, and while new forms come in toward the top of 
the series, such as Monotis, Pleurophorus, Bakevellia, etec., these 
are accompanied by some of the characteristic coal-measure spe- 
cies such as Spirifer cameratus, Athyris subtilita, Productus 
seni-reticulatus, etc. On the other hand, the most characteristic 
fossils of the Zechstein and Copper schists, plants (Uldimannia, 
Voltzia, Walchia, etc.), fishes (Acrolepis, Pygopterus) and mol- 
lusks (Productus horridus, ete.), have so far not been found in 
North America.’ The Trias of the eastern half of North Amer- 
ica represents the upper member of the Huropean series, the Rhe- 
tic beds. [This is shown by the plants described by HKmmons 
and Fontaine from North Carolina and Virginia, and those ob- 
tamed from New Jersey and the Connecticut valley by the wri- 
ter.t| Hence between our coal measures or the so-called Permo- 
Carboniferous or Permian and our Trias there is a great gap, a hia- 
tus in our geological history, during which the Permian proper of 
Europe, at least the Zechstein and Copper schists, were perhaps 
deposited.” 

* M. Fontannes, the Secretary, in a letter to Dr. Frazer, dated Lyons, Jan. 3, 
1885, says: ‘* Je viens de lire, avec le plus grand soin, le rapport sur le Congrés 
de Berlin que vous avez eu l’amabilité de m’ envoyer. Tous mes remerciments, 

et en méme temps toutes mes félicitations pour exactitude rigoureuse de tous les 
- détails. Il m’est impossible de comprendre comment, en l’absence de mes notes 

or KS Galles eles stenographes, vous avez per rédiger un travail aussi com- 
eta ee 

1 + H. B. Geinitz: Dyas (186i-2). H. B. Geinitz: Carbonformation in Nebraska, 
(1866). H.B.Geinitz: Nachtrage zur Dyas, 1880-2). Wm. Fontaine: Older Meso- 
zoic Floras of Virginia; Monograph VI., U. 8., Geol. Survey. J. S. Newberry: 
Transactions N. Y. Academy of Sciences, vol. vy, p. 18 (October, 1885.) 
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(2.) Prof. de Lapparent, of Paris, answers a query as to an ap- 
parent contradiction between his theory and his argument: “ It is 
true that the words, (page 468), make me say the contrary of 
what I said. I have maintained that the same eruptions which 
took place during the Carboniferous epoch were maintained during 
the Permian epoch, of which the porphyries and melaphyres were 
the incontestable continuation of the porphyritic and trappean 
rocks of the Carboniferous; that in consequence, the Permian epoch 
was the termination of the ‘ Primary eruptions.’ I will add that 
(page 467) ascribes to me a not very accurate opinion. I said 
that the cephalopods of the deposits anterior to the Tertiary ter- 
ranes furnished an excellent means of forming homogeneous groups; 
but that this means only commenced to -be easily applicable with 
the Trias. Nevertheless if one considers the pelagic Faunas of 
the Carboniferous and of the Permian, not only do they appear 
intimately connected, but no one among those who are acquainted 
with the pelagic Permian will ever be able to establish sub- 
divisions in it. Now, that which distinguishes the systems is that 
they are groups susceptible of being sub-divided. The Permian 
then, cannot form a system by itself. It cannot but be an étage in 
the great Permo-Carboniferous system.” 

2. Cretaceous of Northwestern Canada. —In a paper by Sir 
W. Dawson in the Canadian Record of Science, the subdivis- 
ions of the northwestern Canadian Cretaceous are given as fol- 
lows, beginning below. (1) Lower Cretaceous (Neocomian, etc.): 
(a) The Kootanie series of the Rocky Mountains containing 
Cycads, Pines and Ferns; (4) the Suskwa River beds and Queen 
Charlotte Island coal series, containing Cycads, Pines and a few 
dicotyledons. (2) Middle Cretaceous: (aw) Mill Creek beds of 
Rocky Mountains containing dicotyledonous leaves similar to 
those of the U. 8. Dakota group; (0) Dunvegan series of Peace 
River with many dicotyledons, Cycads, etc. (3) Upper Cretace- 
ous: (@) Coal-measures of Nanaimo, B. C., probably in this posi- 
tion with many dicotyledons, Palms, etc.; (6) Belly River beds, 
the Sequoia and Brasenia beds of S. Saskatchewan, Belly River, | 
etc., with lignites; (¢ and d) Fort Pierre and Fox. Hill series, 
marine; (¢) Lower Laramie or St. Mary R. beds, the Lemna and 
Pistia beds of Bad Lands of 49th Parallel, Red Deer River, etc., 
with Lignites. (4) Transition to Eocene: Upper Laramie or 
Porcupine Hill beds, the Platanus beds of Souris River and Cal- 
gary. These results are largely from the investigations of Dr. G. 
M. Dawson and the author. The latter has a memoir ov the sub- 
ject in process of publication in the Transactions of the Royal 
Society of Canada. 

3. Journal and Proceedings of the Royal Society of New South 
Wales for 1884, vol. xviii—This volume contains, among its 
papers, brief notes on the development. of Ceratodus and the 
Monotremes by Mr. W. H. Caldwell. The eggs of the Ceratodus 
were found in the waters of Burnett River in the early part of 
September. They were laid singly in the weeds and resembled 
those of the common newt. They were fertilized in the water and 
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in this and other respects the development was much like that of 
the newt. Mr. W. E. Abbott discusses the subject of the water 
supply of the dry Interior plains of New South Wales. He 
speaks of this region as really a water shed, and of the amount 
of precipitation over this great water shed of Darling River as 30 
inches a year in the mountains to the eastward and less than 10 
inches to the westward. The plains are regarded as having been 
in comparatively recent geological time “covered by a sea,” and 
as thus having derived its nearly level surface——On the western 
side along the railroad it is 349 feet above the sea and 865 feet on 
the eastern, making the mean slope between about 2 feet a mile. 
The soil of two-thirds of the surface is a red clay with a slight ad- 
mixture of fine sand without organisms, and of the rest, a grayish- 
black earth overlying the red along the water courses. Water 
is reached at a small depth; but five out of six of all wells sunk 
afford brackish water and there are many salt springs. The 
country is called the Salt bush country; the native plants have 30 
to 43 per cent of the ash consisting of soda or sodium chloride. 
Gypsum nodules also are common, pointing, like the salt, to former 
marine conditions. ‘The author supposes, with Mr. H. C. Russell © 
of the Observatory, that the water of the River Darling becomes 
largely subterranean water and may be reached by artesian bor- 
ing. But in view of the cost of such borings he recommends 
rather the construction of reservoirs for storing the surface water 
of the streams, and for collecting the water of rains on the slopes. 

ae Fossil Insects of the “ Pri tmary” (Paleozoic) rocks, by 
CHARLES BroneniartT. 20 pp. 8vo, with five plates (Bull. ‘Soe. 
Sci. Nat., Rouen, ee valuable paper, illustrated by fine 
heliographic plates vie 
sects and gives criticisms on the work of other authors. The 
discovery of the Carboniferous locality of Commentry, which since 
1878, has furnished 1300 specimens of insects mostly “admirably 
preserved,” gives great weight to his opinions. 

5. The Determination of Rock-forming Minerals, by Dr. Ev- 
GEN Hussaxk ; translated from the German by Dr. Erastus G. 
SMITH. 233 pp. 8vo, with 103 wood-cuts. New York, 1885, (J. 
Wiley & Sons).—The work by Dr. Hussak on the determination 
of the minerals which enter into the composition of rocks has been 
well received abroad, and now that it has been translated it will 
doubtless be as well known and appreciated among the English- 
reading public. The work gives, much more fully than has been at- 
tempted before in any single voinme, the methods employed in the 
mineralogical study of rocks, optical, chemical and mechanical. 
A second part consists of tables for the determination of the rock- 
forming minerals; these give in condensed form a large amount of 

- information about the individual species, which the student of 
microscopical petrography should make himself familiar with. The 
translation of such a work is a difficult matter and it is not strange 
that there are numerous points open to criticism. The reader 
will probably think that the translator has attempted to follow 

ws the facts with respect to Paleozoic in-— 
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the original almost too closely, and that a little more freedom 
would have sometimes made the rendering smoother and more 
readily intelligible. It would have been well too if the oppor- 
tunity had been taken to correct occasional misstatements in the 
original. 

6. A“ Manual of American Land Shells,” by W. G. BINNEY. 
Bulletin No. 28 of the U. S. National Museum.—This work is an 
enlarged and revised edition of the “Land and Fresh-water Shells 
of North America, Part I,” published by the Smithsonian Institu- 
tion in 1869. Of its 528 pages the author devotes about fifty to 
the subjects of “geographical distribution; organs of generation, 
jaw and lingual dentition, and classification, 425 to the deserip- 
tion of genera and species, and twenty- eight to a detailed cata- 
logue of the Binney collection of land shells of North America, 
which Mr. Binney presented to the National Museum. The vol- 
ume includes only the Geophila among the Pulmonata. The 
author accepts the division into families in Dr. Paul Fischer’s 
recent work, but follows Alber’s ‘“‘Du Helicum,” by Von Martens, 
in the Genera. The arrangement is not systematic, but accord- 
ing to geographical distribution. It is strange that at this day 
the autbor should have to regret the lack of data for determin- 
ing satisfactorily this distribution. Thirteen species are stated to 
be universally distributed over the United States. Eleven foreign 
species occur on the sea-coast. Limax maximus is reported only 
from Newport, R. I., New York city and Philadelphia. We have 
found it abundantly i in gardens in New Haven, Conn. A. G. D. 

7. Plasmolytic Studies.—In 1884, Professor Hugo de Vries of 
Amsterdam published an account of a new method for deter mining 
the osmotic capacity of cells. It ix well known that in dilute 
solutions of neutral salts the protoplasm of active healthy cells is 
little affected until after the lapse of considerable time, but that 
in stronger solutions of the same salts there is an immediate 
contraction of the protoplasmic contents, together with a separa- 
tion of the mass from the walls at all points except where delicate 
threads still maintain their hold. By a long series of experiments, 
de Vries determined the strength of various salts by which this 
contractile action could be produced, and he ascertained also the 
effect in different cases upon the turgescence of the cell-wall itself. 
The same investigator has continued his observations and extended 
them into a contiguous field, namely, the behavior of the so-called 
vacuoles, or sap cavities of protoplasm, under the influence of the 
various contracting or plasmolytic agents. Reserving for a later 
issue an extended account of the whole paper, it may now be 
mentioned that he has discovered an interesting fact, susceptible 
of easy verification, that a minute trace of ammonia causes in 
every case a remarkable increase in the size of the vacuoles and 
completely changes their capacity for absorption. The bearing 
of this fact upon the curious observation of Darwin on the 
phenomena of “aggregation” appeared worthy of immediate 
attention. Hastily conducted observations with reference to this, 
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show that the light which de Vries has cast upon the phenomena 
of vacuolar increase may explain many of the hitherto obscure 
phenomena in the absorbing cells of insectivorous plants. In a 
future number may be given some of the results to which hints 
derived from de Vries’s paper have led the present writer. G.L. & 

8. Histoire des principales Variétés et Espéces de Vignes @ori- 
gine Américaine qui résistent au Phylloxera ; par A. Miniar- 
pET.—If the wine-growers of France have been impoverished 
by the ravages of Phylloxera, certainly science has been enriched 
by the numerous important works which have appeared in France 
relating to the means of checking the injury done by the two 
pests imported from America, the Phylloxera and the Peroros- 
pora of the vine. The previous important papers by Professor 
Millardet of Bordeaux on this subject are well known. In extent 
and abundance of new facts presented, the present work, a quarto 
of 240 pages with 24 admirable lithographic plates, surpasses all . 
that he has hitherto attempted. The work originated in a memoir 
presented to a committee of the French Academy in 1876, and its’ 
present enlarged form is due in part to liberal private and public 
subscription. The introduction treats of the histological and - 
physiological conditions which favor the resisting powers of 
different American species of Vitis. Of these, V. rotundifolia, 
rubra, cordifolia, rupestris, riparia, cinerea and cestivalis are able 
to resist the attacks of Phylloxera to a considerable extent, and 
are therefore available as stocks on which to graft in France; 
while, on the other hand, in V. candicans, Labrusca and Califor- 
nica the resisting power is small, although greater than in the 
European V. vinifera. The writer, following out the views 
expressed in a previous paper, distinguishes between the galls 
produced on the smaller roots, which he calls nodosities, and those 
on the larger roots, which he calls tuberosities, the former being 
more dangerous. He considers that the destruction of the vine 
is not due primarily to the attack of the Phylloxera but to the 
growth of fungi which make their way into the roots through the 
nodosities whose surface becomes cracked and the interior spongy. 

The main body of the work is divided into two parts. The 
first relates to the cultivated varieties, of whose origin, morpho- 
logical characters and resisting powers a very full account is 
given. In his views with regard to the hybrid origin of some of 
the varieties he not unfrequently differs from other writers. The 
second part gives a description of the wild species with their dis- 
tribution in North America. One can only praise the public 
spirit of the French people, which leads them to encourage the publi- 
cation of memoirs like the above, which, from their expensive 
character, could not be published by a writer at his own cost, and 
from which a publisher could expect no profit. W. G. F. 

9. Flora Brasiliensis.—Fascicle 95, so soon following fase. 94, 
gives proof that Dr. Eichler is prosecuting his great undertaking 
with vigor. This goes with the Cucurbitacew (issued in 1878) 
and some small orders to make up vol. vi, part iv. Fasc. 95 con- 
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tains the Campanulacee, elaborated by Kanitz, along with the 
Caprifoliacee, Valerianacee and Calyceracec by C. A. Mueller 
of Berlin, altogether of little moment, and the Asclepiadaceee by 
the late Dr. Fournier of Paris. The latter is an important order 
in the Brazilian empire, and is here amply illustrated by 51 plates. 
Brazil would appear to be particularly rich in genera, for fifty-six 
are characterized in the present work. Twenty- -five of them are 
here founded by Fournier, eighteen of them on single species, five 
others have only two species each. There is one of six species 
( Verlotia), and one of four, but the latter is dismembered from 
Gonolobus. Dr. Fournier died in June, 1884, just when the 
printing of this monograph began, as a note by the editor informs 
us. The work therefore appears at a certain disadvantage. Proba- 
bly many of the new genera may have to be reconsidered. A. G 

10. Sketch of the Botanical Work of the Rev. Moses A. Curtis ; 
by Tuomas F. Woop. pp. 10-31, 8vo. Raleigh, N. Car., 1885. 
—This pamphlet is stated to be an “Extract from the Journal of 
the Elisha Mitchell Scientific Society,’ and consists of a memoir 

'“vead before that Society at the University of North Carolina, 
May 22, 1885.” It is pleasant to know that the University of 
North Carolina has such a Society, which commemorates its 
most distinguished scientific professor of former years, Professor 
Mitchell, who sacrificed his life to his zeal for investigation, on 
the high peak of the Black Mountain which bears his name, and 
where his ashes repose. Dr. Wood has in this essay erected a 
fitting and very interesting memorial of his old friend, the accom- 
plished botanist, Mr. Curtis. It is full time that some such 
tribute to his memory was paid in his adopted State; and this 
will be read with interest and gratification by the few botanical 
companions of Mr. Curtis who still survive, and we hope also by 
a younger generation as well. It is illustrated by an excellent 
engraved portrait. A. G, 

Ill. MiscELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. The apparent position of the Zodiacal Light; by ArruuR 
SearLe.—The inquiry here undertaken by Mr. Searle was entered 
upon with the hope of obtaining from the older observations sug- 

gestions with regard to the apparent position of the zodiacal licht 
after correcting Tanveran roughly for the presumed effect of atmos: 
pheric absorption. Any suggestion thus attainable will lend ad- 
ditional interest to the work of future observers. The positive 
results are however of decided value. The principal conclusions 
are :— 

1. It is probable that atmospheric absorption largely affects the 
apparent position of the zodiacal light. 

2. After allowance for the effect of absorption, there is reason 
to think that the zodiacal light, as seen during the second half of 
the nineteenth century, has had a more northern latitude near the 
longitude 180° than near the longitude 0°. 
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3. Upon the meteoric theory of the zodiacal light, it is to be ex- 
pected that a continous zodiacal band should be present ; but the 
question of its actual visibility is complicated by the slight maxi- 
ma of stellar density which are situated along those parts of the 
ecliptic most readily accessible to observation from stations in 
the northern hemisphere. 

4, The belt of sky occupied by the projections of the orbits of 
the first 237 asteroids presents certain peculiarities which corres- 
pond to those of the zodiacal light, and suggest the hypothesis 
that the light may be partly due to minute objects circulating in 
orbits like those of the smaller planets. 

Mr. Searle also finds incidentally that a stream of small stars is 
indicated by the Durchmusterung as extending along the ecliptic 
from ¢ Cancri to 6 Virginis. H. A. N. 

2. “ International Exhibition of Implements against Crypto- 
gams and Parasites.”—The following circular has been issued by 
the Royal School of Viti-Culture and Cinology at Conegliano 
(near Venice). ‘‘ The Minister of Agriculture, Industry and Com- 
merce of Italy, in order to favor and facilitate the application of 
the methods of destroying the cryptogams and parasites of culti- 
vated plants, and especially the use of the milk calx against the 
Perorospora (mildew) of the vine, has decreed (November 9th) 
the opening of an international Exhibition, and the offering of 
prizes for pumps, watering and pulverization implements. The 
Exhibition will take place at Conegliano at the Royal School of 
Viticulture and Ginology. 

The following prizes will be awarded: 1 Gold Medal: and 500 
franes ; 3 Silver Medals and, with each, 150 franes ; 5 bronze Medals. 
The Ministry of Agriculture will also purchase rewarded imple- 
ments to the value of 1000 francs: for distribution to the 
Agrarian government stations and practical and special Agri- 
cultural schools. 

Exhibitors must apply for admission to the ‘ Direzione della R. 
Scuola di Viticoltura ed Enologia in Conegliano,’ not later than 
the 22d of February, 1886. The application must contain a short 
description of the instruments and the price of each object which 
is offered for exhibition. Italian and foreign inventors and makers, 
or their representatives, must present their machines at the model 
farm of the School at Conegliano by the 1st of March, 1886. On 
the 2d of March and following days will take place the trials and 
experiments for comparison, in which proprietors and viticulturists 
may assist. The jury that awards the prizes will present, within 
20 days from the close of the exhibition, special reports about 
the exhibited instruments, which reports will be printed in the 
‘Bollettino di Notizie Agrarie of the Ministry of Agriculture.” 
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Art, XVI.—Hxamination of Dr. Croll’s Hypotheses of Geological 
Climates ; by Dr. A. WoerKor, of St. Petersburg. 

THE hypotheses of Dr. Croll have attracted so general atten- 
tion in the last ten years, not only in Great Britain, but also in 
the United States and other countries, that a review of them 
by a meteorologist is, I think, desirable. ‘This work is very 
timely now, because Dr. Croll has just published a new book on 
the subject* in which he further explains and extends his views 
and answers his critics} and besides he mentions in the preface 
the fact that he wishes to devote the following years to work 
in a wholly different direction. Thus we have now before us a 
system as complete as it is likely to be made by the author. 
It is not my aim to review the whole work of Dr. Croll on 
glacial Geology and Cosmology, but only to consider some 
points of it which are within my line of study. 

In his answer to Prof. Newcomb, Dr. Croll discusses the 
mean temperature of land and ocean,f and arrives at the start- 
ling conclusion that ‘‘the ocean must stand at a higher mean 
temperature than the land.” Now, since the mean and not sur- 
face temperature is mentioned, the meaning of the author is, it 
seems, clear, but the result is entirely opposed to what we know 
to be true. Not only have the oceans, which receive cold 
currents from polar seas, a much lower mean temperaturet than 

* Climate and Cosmology. Edinburgh, 1885. + Page 26 and following. 
¢ I understand the mean temperature as that of the whole column of water 

from top to bottom. 
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the land, Gut even‘seas which receive no such cold water, and 
are known as being very warm, such as the Mediterranean and 
Red seas, have a mean temperature considerably lower than the 
Jand. 

It might, perhaps, be remarked, that Dr. Croll’s startling 
statement is a simple ‘‘lapsus penne,” and that he does not 
consider the mean temperature of the whole column of ocean 
water, but the mean annual temperature of the surface; yet It is 
clear, especially from the statement on page 33, that such is not 
the fact. Dr. Croll considers the difficulty in the sea of ‘“get- 
ting quit of its heat as rapidly as the land,” and in this passage, 
as in the former, he seems to have forgotten entirely the mobil- 
ity of the particles of water, which is so extremely important a 
fact and which so essentially affects the thermal relations of 
water by the convection currents which it causes. A few pages 
earlier he mentions the mobility of the particles, but only as 
causing the removal of heat from the tropics by ocean currents. 
Dr. Croll seems to think that the high temperature of the sur- 
face of the ocean is caused by the difficulty in the water to get 
rid of its heat by radiation, as if, here as in the case of land, 
loss of heat by radiation caused a low temperature of the 
surface. Now this is evidently not so, and the convection eur- 
rents arising as soon as the surface temperature sinks below 
that of the stratum immediately under it bring the latter to 
the surface and thus maintain constantly a higher temperature 
of the surface than that of the other strata, but are rather con- 
ducive to a loss of heat by the whole mass, as the colder water 
sinks to the bottom where it is out of the reach of the radiant 
heat of the sun, and receives heat only by the slow process of 
conduction.* 

Dr. Croll does not see that instead of “the difficulty in the 
water’s getting rid of its heat” he really considers the cause of 
the high temperature of the surface of the ocean, and here 
misses the most efficient cause. 

The next point I have to notice is this: “The quantity 
of heat lost by expansion must therefore be trifling in compar- 
ison of that lost by radiation; and, although the heat lost by 
expansion is fully restored by compression, yet the air would 
reach the earth nearly entirely deprived of the heat with which 
it left the equator. All that it could possibly give back would 
be the heat of compression, and that would hardly be sufficient 
to raise the air at 50° F. to the freezing point.” 

As before, Dr. Croll mentions the temperature of the upper 
atmosphere, even under the equator as being 80° /. below freez- 

* T consider here the case of a body of water having constantly a higher tem- 
perature than that of the maximum density. The oceans are certainly in that 
state. + Pages 25 and 26. 
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ang point, and as this is réolied: according to him, at such a 
height that the air, returning toward the surface of the sea, 
would be warmed to the freezing point, 1t is clear that, in his 
opinion, the atmosphere is ina state of unstable equilibrium, be- 
cause otherwise the temperature at which the upper strata arrive to 
sea level would not be lower than the existing temperature of the 
lower strata, but, in Dr. Croll’s opinion, it is by 48° F. lower, as 
the mean temperature of the equator is about 80° F. and the 
air of the higher regions, in sinking to sea level, wonld bring 
with it a temperature Oi levas Ide 
Now if really the case was such, if there existed an unstable 

equilibrium, why do not convection currents of great magni- 
tude arise in our atmosphere and bring a temperature of 82° to 
the sea level at the equator ? 

The reason why such convection currents do not arise is, that 
the normal state of the air is that of stable equilibrium, even a 
very stable one, so that, if by any cause the higher strata be 
forced down, they would acquire by compression a much 
higher temperature than the lower have. 
‘An unstable equilibrium, a few cases excepted,* does exist in 

the lower strata, but only to a few thousand feet, and this only 
during daytime, when the surface of the ground is much heated 
by the sun. It disappears about sunset, even somewhat earlier. 
It does not happen in winter in high and even in higher middle 
latitudes (say from 50° onward). All this has been established 
by so numerous observations in mountain countries and on 
balloons that it can scarcely be doubted. In any case, if Dr. 
Croll is in doubt concerning such well known facts, that is, if 
he doubts that between the lower strata of air and those some 
tens of thousands feet high there exists a stable equilibrium, the 
onus probands rests with him. In fact, a temperature —50° F, 
must be found at such a considerable height above sea level 
that the air, if foreed down, would arrive warmer and not 
colder than the air existing at sea level. 

Besides, J maintain that the radiation of particles of air is 
buta very trifling cause of loss of heat by our globe, and that 
by far the principal causes of it are the radiation of the surface 
of the ground (or snow) and that of the surface of the water. 
If the lowering of temperature of the surface of land and of 
the air be considered, the loss of heat by radiation of the sur- 
face of the ground (and snow) is by far the most important. I 
can much better agree with Dr. Croll in what he remarks about 
the conservative character of snow once formed, though, as will 
be seen further on, I do not agree as to the importance of winter 
in aphelion during high eccentricity. 

Further, | think Dr. Croll does not well understand the 

* For example, in thunder-storms, hail-storms. ete. 
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cause of the fogs, which have been so often noticed in high 
latitudes in summer. He thinks the fogs are caused directly 
by the melting of the snow, and that, by interposing a screen 
between the sun and the snow, they are effectual in lessening 
the amount melted. 

The melting of the snow by the sun has not by itself power 
to cause fogs. On extensive continental regions of Hurope, 
Asia and America, snow lies in winter and is melted from 
March te June, yet fogs are of exceedingly rare occurrence 
during that time, and they are more frequent at night. They 
are rather instrumental in preventing the loss of heat by ra- 
diation than the heating influence of the sun’s rays. In the 
same regions fogs are frequent in autumn, during anti-cyclones. 
The cause of these fogs is the same as that of the London fogs, 
that is, the temperature of the river or lake water is much 
higher than that cf the air, and thus the vapor is soon con- 
densed. Neither are fogs common in summer over mountain 
glaciers, notwithstanding the great amount of melting, but fogs 
are experienced on the sea, in the vicinity of melting ice, be- 
cause here we have two masses of air of unequal temperature, 
both nearly saturated, and their mixture must produce satura- 
tion, that is—fogs. Thus it is easy to see that fogs are not 
necessary followers of the melting of snow and ice per se; 
some other conditions are necessary for them, and Dr. Croll is 
right in saying about a glaciated country, at some distance from 
the sea, ‘‘fovs prevent, to a great degree, the melting of the 
snow and ice.” 

Mr. A. R. Wallace* has mentioned that in northern Siberia 
the powerful sun of June cannot melt the snow until warm 
southerly winds bring in warm air. In so far as the beginning 
of melting depends on this, 1 am quite of the same opinion; 
but Dr. Croll is wrong in extending too much the influence of 
these southerly winds, and in believing them to prevail in sum- 
mer on the north coast of Siberia. On the contrary, cold winds 
from the sea prevail in summer and certainly chill the air, 
while southerly winds prevail in winter. Thus Dr. Croll’s state- 
ment of ‘‘matters would be still worse if these southerly winds, 
instead of ceasing, were simply to change from June and July 
to December and January, for then, instead of producing a 
melting effect, they would greatly add to the snow-fall”f is re- 
alized, as far as the winds are concerned; but the snow-fall of 
winter is exceedingly light, because the southerly winds come 
from the colder interior of the continent, and besides they are 
descending winds, and in descending become relatively dry. 
We know these facts from the observations of Wrangell and 
Anjou at Nijnekolymsk and Ustjansk, and they were con- 

* Tsland Life. + P. 88. 
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firmed by the late observations of the Russian polar station of 
Sagastyr, at the mouth of the Lena.* 

Dr. Croll returns over and over to the importance of knowing 
the temperature of space, as well in ‘Climate and Time’ as in 
his new book, and in the latter he is rather in favor of a lower 
value for it than that of Herschel and Pouillet, which he adop- 
ted in ‘Climate and Time.’ He thinks this knowledge ‘‘of the 
utmost importance for the determination of the temperatures 
which obtained during high eccentricity and winter in aphe- 
lions, and repeatedly he admits that the temperature of a place, 
other things being equal, is proportional to the heat received 
from the sun. To make us quite sure of his meaning, he has a 
table in ‘Climate and Time,’ p. 320, where he gives the value of 
excentricity for different periods, and the midwinter tempera- 
ture of Great Britain for periods of great excentricity and win- 
ter in aphelion. So for example it was, according to him: —6:03° 
F. 850,000 yearsago, when the excentricity was 0:0747 ; 1:03 F.° 
210,000 years ago, excentricity 0°0575, etc. The temperatures 
of Great Britain are evidently given only asan illustration, and 
there is no doubt that a similar decrease of temperature was 
experienced, according to him, even in the midst of the Atlan- 
tic Ocean. Admitting even the present mean winter tempera- 
tures there to be 6° F. higher than in Great Britain at the same 
latitude, we would then have, at the highest excentricity with 
winter in aphelion —6-03° F. and 4:07° F. 210,000 years ago ; 
that is, temperatures which were possible only if the ocean were 
covered with solid ice, which is an impossibility with anything 
hke the present geographical conditions; and Dr. Croll repeat- 
edly admits that they have not changed since the glacial epoch. 

It is strange that Dr. Croll has not tried how his method 
works when applied to the existing mean temperatures of dif- 
ferent latitudes. The mean temperatures from 10°S. to 10° N. 
have been calculated by different scientists; I use the calcula- 
tion of Ferrel as the most recent. The mean temperature of 
January can be considered as the result of the position of the 
earth toward the sun at the winter solstice. Thus if we com- 
pare the mean January temperature of 50° and 60° N. we have 

50° N. 21°3. GOP Ee 

The quantity of solar heat received at the winter solstice on 
the 60° N. is but 0°35 of that on the 50° N. Thus, if the tem- 
perature of the former was less in proportion to the quantity of 
solar heat received 1t should be —147° F. It is easy to see 
how large the discrepancy is. 

Dr. Croll ascribes the relatively small decrease of tempera- 
ture with latitude to the influence of ocean currents, which ab- 

* Tzviestia of the I. Russ. Geogr. Soc., 1885, N. S. 
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stract warm water from the tropics and bring it to high lati- 
tudes. But on the 60° N. there is considerably more land 
than on the 50° N., and air over the land under 60° N. is 
colder than over the sea. 

But to be quite sure to get beyond the influence of ocean 
currents, I will take the mean January temperature in the 
strictly continental climate of Eastern Siberia, under 120° EH. 
According to Ferrel’s tables : 

Under 50° N. we have Onane 
cor GOSING werhavier—=3 0cnhs 

If the January temperature decreased from 50° to 60° N. 
according to the hypothesis of Dr. Croll, it should be on the 60° 
Nh Slay? 18. 

But to be quite sure of taking the most favorable case for the 
hypothesis of Dr. Croll, I take the highest January temperature 
on the 50° N. in Ferrel’s tables, that is, that on 20° H. =44° F., 
and the coldest January temperature on the 60° N., that is, that 
of 120° and 1380 H.= —30° F. Yet, in proportion to the quan- 
tity of heat received, the mean temperature of January on 60° 
N. should be —140° F. 

The following table gives the results of the three cases con- 
sidered : 

Mean temperature 60° N 

On the hypothe- Difference, 
* |sis of Dr. Croll. Actual. 

|Mean tempera- 
ture 50° N 

Mean January tempera- 
ture of all meridians __ 21:3 —147°9 17 149°6 

Mean January tempera- 
ature in 120° E. (Kast 
Siberia see ues 0° ,—155°3 —30 125°3 

Mean January tempera- j . 
ture of warmest meri-| 
dian 50° N., and cold- 
est meridian on 60° N_ 44 —140 — 30 110: 

If the discrepancies are so great in taking even the means of a 
whole parallel, or strictly continental climates, and even in the 
last example, how much must Dr. Oroll’s calculations for Great 
Britain be wrong? In so oceanic a climate an equal difference 
in the amount of sun-heat will certainly cause a smaller fall of 
temperature. 

I give another example which shows how little the method of 
Dr. Croll is applicable even to the mean annual temperatures.. 
In chapter IX of ‘Climate and Cosmology,’ he states that the 
difference of temperature between the equator and the north 
pole ought to be at least 200° F., if they were in proportion of 
the heat received from the sun and the temperature of space 
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(—239° F.) was taken as the initial; but actually the difference 
is but 80° F. This small difference, as he thinks, is caused by 
the ocean-currents, which carry an immense quantity of heat 
from low to high latitudes. That ocean-currents have a great 
influence on the temperature of our earth I do not deny, but it 
is not so great as Dr. Croll believes. 

To prove this I will take two places in as different latitudes 
as possible, and both not influenced by the ocean-currents. 
The first is Iquitos, on the Amazon, 34° S. and about 300 feet 
above sea-level. The mean yearly temperature is 764° F. 
The reduction to sea-level would make it about 77:8° F., and 
the reduction to the temperature of the equator would give 78°3. 
Now Iquitos is more than 1,000 miles from the Atlantic, and, 
although nearer to the Pacific, yet separated from it by the chain 
of the Andes. It is to be admitted, then, that the place gives 
us a good idea of the temperature near the equator, uninflu- 
enced by the heat-abstracting influences of ocean-currents. The 
other place which I choose for comparison is Verkhojansk, in 
N. E. Siberia, under 67° N., and having the coldest winter 
known on our globe, (January, —56° F.) It will, I think, be 
readily admitted that this place is out of the influence of ocean- 
currents, bringing heat from low latitudes, and in most favora- 
ble circumstances for radiation of heat. The mean yearly tem- 
perature of this place is 1°9° F., the reduction to sea-level may 
bring it to about 2°5.* 

Thus we have, outside of the influence of ocean-currenis, the 
following mean yearly temperature at sea-level : 

GUAT OT eee nia, ye ae banat 78°3 
lige TESOING yet nir ees CUTE teens 2°5 

Difference, 75°8 

Reasoning on the premises of Dr. Croll, we ought to expect 
a difference of 172° F. between the equator and 67° N. The 
actual difference is less than half that amount, scarcely over two- 
fifths ; yet heat is certainly not abstracted from the vicinity of 
the equator, in the interior of South America, by ocean cur- 
rents, nor are the continental regions of N. E. Siberia warmed 
by ocean-currents. 

The Rev. O. Fishert has already proved that if Dr. Croll’s 
reasoning were right, the mean temperature of the equator 
should be by 21° F. higher in January than in July, on account 
of the greater proximity of the earth to the sun in the former 
month, while it is known that at most places on the equator 

* The actual height is not known, but is in any case small. 
+ ‘ Nature,’ vol. xxi, page 129; reprinted in ‘Climate and Cosmology,’ ch. iv, 

omitting some passages relating to the Rev. Fisher. 
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even the warmest and coldest months (which are generally not 
January and July) do not differ even by 3°, and nowhere as 
much as by 5°. 

Dr. Croll has answered the Rev. O. Fisher,* and this answer 
is a curious example of the difficulties in which he has involved 
himself. The question as to why the annual range on the equator 
is so small is a very simpleone. The quantity of heat received 
from the sun does not vary more than in the ratio of 100: 115 
and, besides, the observations on which depends our knowl- 
edge of the temperature of the equator, were mostly made on 
the sea-coast, two good reasons indeed for a small annual range. 
On the 50° N. the quantity received on the days of the winter 
and summer solstices vary in the ratio of 100:562, and yet in 
some places of England the yearly range is not above 20° F., 
and nowhere above 27° F. Thus it is the small annual range 
in many regions of the middle and high latitudes which much 
more needs explanation. Dr. Croll, in his reply, expresses the 
opinion that the Northern hemisphere is the dominant one, 
and, as the whole earth has a higher temperature in July than 
in January, so by the operation of this cause, the normal excess 
of the temperature of the equator in January is weakened and 
even abolished. I replied to this, that the temperature on the 
equator was nearly entirely influenced by cold winds, from 
cold ocean-currents, in some regions (the West coasts of Africa 
and America and the adjoining parts of the Pacific and Atlan- 
tic), and in these the equator was considerably colder in July 
than in January. For.example, at the island of St. Thomas, 
West Africa, by 2°7. The cold winds come from the South, 
while winds from the North seldom reach the equator, and can 
never have a depressing influence on the temperature. In most 
places the temperatures on the equator were influenced by the 
rainy season, so that when it was at its height in January, this 
month was cooler than July, (this is the case even in Batavia, 
7° 8.), while when January was dry and July rainy, the former 
month was warmer, not only on the equator, but even to some 
degrees north of it. So for example, it is warmer by 7-2 at Lado, 
Upper Nile 5° N., and by 3:4 at Freetown, Sierra Leone, 
85° N.+ 

All this is, I think, conclusive enough, and proves that Dr. 
Croll’s system of estimating temperatures breaks down when tested 
seriously. Small errors would be quite natural in a question of 
that kind, but I have shown that the errors are enormous, amount- 
ing to 100° F., and more; that is, they are greater than the dif- 
Jerence of annual temperature between the equator and the North 
pole, 

*‘ Nature,’ vol. xx, p. 577. 
+ ‘ Nature,’ vol. xxi, p. 249; reprinted also in this Journal, 1880. 
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There is certainly a mistake somewhere ; or, rather the whole 
method is a failure. How can we judge of the change of tem- 
perature resulting from this or that distance from the sun, even 
if we knew accurately the temperature of space,* when we do 
not know the diathermancy of the atmosphere under different 
conditions? We know only that it is exceedingly different, 
according to the different quantities of carbonic acid and aque- 
ous vapor contained in it, and in a far higher degree, according 
to the absence or presence in different quantities of suspended 
liquid and solid particles (clouds, dust, smoke, etc.) _ Thus, 
when we do not know in how far the loss of heat is impeded, 
even an accurate knowledge of the temperature of space would 
be of small use in this matter. I will illustrate this by a homely 
example. Take a room where the fire is extinguished and the 
hearth or stove cold in the evening, and try to guess at the 
temperature the room will have in the morning. If we fol- 
lowed the method of Dr. Croll, we should inquire only about 
the outside temperature, and not about the thickness of the 
walls, the windows, etc. I think that, taking the average con- 
struction of Russian, English and Italian houses, if the inside 
temperature was in all three cases 60° in the evening, and the 
outside temperature —20 in Russia, 32° in Kngland and 45° in 
Italy, the morning temperature in the room would not be very 
different, and probably even higher in the Russian room, owing 
to its thick walls, double windows, etc. It is also interesting 
to note, that a calculation, by the method of Dr. Croll, of the 
mean January temperature of 60° N., as stated above, gives 
lower figures than the extreme minima anywhere observed by 
reliable thermometers; this latter is: about —81:4 F. (—68° C.) 
Neither in the coldest parts of northeastern Siberia, nor in the 
highest latitudes of Greenland and Grinnell Land, have lower 
temperatures been noted, and yet in F'lacberg Beach the sun is 
absent from the horizon more than four months. The lower we 
make the temperature of space, the more conspicuous is the 
tenacity with which the surface of the earth and the lower stra- 
tum of air retain a relatively high temperature. 

Dr. Croll says in ‘ Climate and Time,’ p. 48: “The stoppage 
of all currents would raise the temperature of the equator 55°, 
that is, give it a mean temperature of 135°.” Now such a 
temperature is not only above anything known on the globe as 
the mean temperature even of a single month, but the absolute 
maximum known by exact observations does not exceed 131° 
FP. (65° 0.) Though Dr. Croll repeatedly and quite rightly 
points out the far greater influence of ocean currents over air 
currents in modifying the temperature of the globe, he, quite 

*T just see that Prof. Langley claims to have determined the temperature of 
Space, but the actual figures and all details are still wanting. 
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unexpectedly, expresses an opinion as to the power of air-cur- 
rents in cooling the temperature of the ground and air at the 
equator, which ought not to remain unchallenged. ‘ No knowl- 
edge whatever as to the intensity of the sun’s heat can be ob- 
tained from observations on the temperature of the air at the 
equator. The comparatively cold air fowing in from tempe- 
rate regions has not time to be fully heated by the sun’s rays 
before it rises in an ascending current and returns to the 
temperate regions from whence it came. More than this, these 
trades prevent us from being able to determine with accuracy 
the intensity of the sun’s heat from the temperature of the 
ground ; for the surface of the ground in equatorial regions is 
kept at a much lower temperature by the air blowing over it 
than is due to the intensity of the sun’s heat.”* Certainly no 
physicist or meteorologist ever thought of a determination of 
the sun’s heat by observations on the temperature of the air or 
the ground, on the equator or elsewhere. But Dr. Croll evi- 
dently thinks that this would be possible on the equator, were 
it not for the influence of cool winds from temperate regions ! 

Let us first consider how far facts corroborate this opinion. 
According to Ferrei’s tables, the mean annual temperature of 
10° N. is 81° F.; of the equator 80° F.; thus the equator cannot 
be cooled by winds from the northern hemisphere, as the low- 
est latitudes of the latter are warmer than the equator, The 
cool winds must come from the south. Yet the mean annual 
temperature of 10° S. is 78:7, that is, only 1-4 lower than the 
equator. Hvenin July, the winter of the Southern hemisphere, 
the difference amounts to but 3°8, that is, in the annual mean 
to 0°14° F. for a degree of latitude, in July to 0°38° for the 
same. ‘The greater part of the equatorial regions consists of 
ocean and islands, where, at least south of the equator, the 
trade-winds are prevailing. They are not strong winds, a few 
ocean regions excepted, they have a direction from the east- 
ward and, blowing over very large extents of sea, they bring to 
the equatorial regions the temperature which prevails over the trop- 
ical seas. There can be no question of an influence of aerial 
currents from the middle latitudes on the temperature of the 
equator and the latitudes 10° N. to 5° S. at least. Two exam- 
ples show how the thermal influence of stronger winds than 
the trades nearly disappears as soon as they have blown over 
an extent of about 1000 miles of sea. The coldest region of 
the tropics in winter is Southern China. Near Canton frosts are 
not rare in winter, the northeast monsoon blows as a strong, 
steady wind towards the coast of Cochin China, and yet at 
Saigon, but 124° south of the tropic, the mean temperature of 
January is not below the normal of the parallel. 

* Climate and Cosmology, Ch. 1V, and ‘ Nature,’ vol. xxi, p. 129. 
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We have— 

Mean temperature of January. 
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Thus, between Hongkong and Saigon, the difference per de- 
gree of latitude is 1:8° F. while the mean difference in Janu- 
ary between 10° and 20° N. is 0°77° F. per degree of latitude. 
Thus we see, that when a cold wind from the middle latitudes 
reaches the borders of the tropical zone, it is soon warmed on 
passing over the broad expanse of the seas, and already north 
of 10° N. the cooling influence is not felt. The exceedingly 
small difference of temperature on the zone between 10° N.— 
10° S. is a proof that the cooling influence of winds from 
middle latitudes is not felt there. Another cold wind reaches 
the tropical zone—the famous Norther of the Gulf of Mexico. 
This is not a steady wind like the northeast monsoon of China; 
but a cold wind blowing at times with the utmost violence. 
At the mouth of the Rio Grande (26° N.) frosts happen every 
winter, and even temperatures of 23° have been observed dur- 
ing Northers. The latter are frequent and dangerous at Vera 
Cruz (19° N.) but the temperature does not sink below 59°-51° 
F. and below the exposed, relatively very cold plateau of 
Tarifa, on the isthmus of Tehuantepec. Owing to their ex- 
treme violence, the Northers keep for a longer distance a much 
lower temperature than other winds of the tropical zone. Not- 
withstanding the Northers, the mean January temperature of 
Vera Cruz (71°7) is not below the mean for the latitude. On 
the extensive wooded plain of the upper Amazons, weak winds 
and calms prevail a great part of the year; and the 8S. EH. 
winds of the drier months have so little power of cooling the 
air that at Iquitos the absolute minimum during a year was 
66°83 F’. It is clear that in continental regions also, cold winds 
from the middle latitudes do not reach the equatorial zone. It 
may be fairly asked, where and how did Dr. Croll get his opin- 
ion about the cooling influence of winds from middle latitudes 
on the temperature of the equatorial regions? Would it not 
have been better to inquire about some of the best known 
facts of climatology, before speculating ‘‘a perte de vue” and 
bluntly stating that the mean temperature of the equator 
would be 55° above what it is now, if it was not for the heat- 
abstracting action of ocean-currents. In fact, on the Upper 
Amazons there is no such heat-abstraction, and aérial currents 
certainly cannot have a cooling influence of even a degree F., 
and yet the mean temperature reduced to sea-level is not any- 
thing like 135° F., but below 80°. Besides the immense influ- 
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ence of the diathermanzy of the atmosphere and its enormous 
variations in time and place, another exceedingly important 
consideration has been overlooked by Dr. Croll, viz: the very 
great difference of continent and ocean in the matter of temper- 
atures, the fact that an equal loss of heat expressed in calories 
will have a very different influence on temperatures, both on 
account of the great caloric capacity of water and of the mo- 
bility of its particles. I must add that the latter condition is 
too often lost sight of not only by Dr. Croll, but by many 
other scientists in their speculations on the influence of a solid 
or liquid substratum on the distribution of terrestrial tempera- 
tures. Besides we have the formation of ice on the waters, 
which also has a great influence on the temperatures. 

Thus it is easy to see, that the question how great will be 
the temperature of the air at a given place, say in midwinter, 
when the distance from the sun is greater or less than at present, 
cannot be answered, even approximatively, especially in the 
exceedingly crude way it is put by Dr. Croll, that is, without 
distinguishing high and low latitudes, continent and ocean, ete. 
One thing is certain, that such a change will certainly have a 
greater influence on the temperatures in the interior of conti- 
nents than on the oceans and their borders. The caloric capac- 
ity of water is so great, and the mobility of its particles so 
effectual in resisting a lowering of the surface temperature, by 
the convection currents it causes, that I doubt very much if, 
during a great excentricity and winter in aphelion, the surface 
temperature of the oceans can be lower in winter than now: 
the difference in the quantity of sun-heat is too small and too 
short-continued to give an appreciable difference in winter; 
and, as in the year there is no difference in the quantity of heat 
received by the waters, I think there will be no difference in 
the temperature of the waters, and thus no influence of great 
excentricity with winter in aphelion on the ocean temperatures, 
and also no greater snow-fall than now. As to the continents, 
I admit that, though we are unable to calculate the rate of de- 
crease of temperature of the winter months in these conditions, 
there is no doubt that ct will be appreciable, and be the greater the 
less a given place is under the influence cf the seas. 

But what has this to do with glaciation? Hven now, the 
temperatures in the interior of large continents are low enough 
in mid-winter to allow of the snow remaining on the ground 
for some weeks, not only under 45° N., but even under 40° N. 
And yet, we have no glaciers on the North American conti- 
nent, which reaches to 71° N. and on the Asiatic, which reaches 
to 78° N., except in high mountain regions, because the snow- 
fall of winter is so small that it is melted in summer. Hven 
the mountains of Northeast Siberia have no glaciers. 

a 



Woetkof—Croll’’s Hypotheses of Geobogical Climates. 173 

The greater part of the snow which lies on the ground in 
Northeast Siberia falls in autumn, when the air contains vapor 
of water enough to allow of a great precipitation ; the snow- 
fall of winter contributes very little. Now what would a 
further lowering of the temperature of winter produce? A 
further diminution of the quantity of the falling snow. It 
would thus even be melted sooner in the warmer, summer 
months. The cold of winter in the interior of large continents, 
of high latitudes, especially that of Asia, has a very important 
indirect result: the high pressure and the resulting cold and 
dry winds of winter, especially toward the south and east of 
the region of high pressure. These winds, the cold, dry win- 
ter monsoon winds of Hastern Asia are unfavorable to snow- 
fall; so that in the interior of Transbaikalia with a mean 
winter temperature of —13° F. and below, there is generally 
too little snow for sieighing, and if the quantity of snow falling 
near the mouth of the Amoor is larger, it falls almost entirely 
in October and November, that is, at the beginning of the cold 
season, and in the few days with east winds, which bring warmer 
and moister air from the seas, not yet frozen in these months. 
A lower winter temperature and an earlier beginning of the 
cold in the interior of Asia would increase the pressure toward 
the north and the interior of the continent, and thus give a 
greater impetus, strength and duration to the dry northwest 
winds, which is thus less favorable to snowfall and an accumu: 
lation of snow. 

In summer the winds in Hastern Asia are southeast, and 
carry clouds and rain far inland. Owing to the high tempera- 
ture of the continent and of the surrounding seas, rain and not 
snow, falls on great heights, such as that of 15,000 feet in the 
mountains of Kansu in Western China (87° N.) Thus the 
heavy rains of summer are not favorable to an accumulation of 
snow, but on the contrary assist in melting the small quantity 
which may remain on the ground. 

During a high excentricity and winter in aphelion the tem- 
perature must be higher in summer and this would cause a 
lower pressure on the plateaus in the interior of Asia. This 
would increase the difference of pressure between the ocean 
and the interior of the continent. and give a greater impetus to 
the moist winds and bring larger quantities of rain at least 
where the air is ascending. Such conditions would then favor 
the melting of snow at a greater height than now. At present, 
in Northern Thibet, for example, permanent snow is found at 
17,000 feet; then it would disappear perhaps even from a 
height of 20,000 feet. 

The climatic conditions of Asia show us, so to say, the nor- 
mal reactions between continent and ocean. Everywhere there 
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is a tendency toward a higher pressure in the interior of conti- 
nents in winter and on the oceans in summer, and to winds 
from the first in winter, from the second in summer, that is, 
there are what Coffin calls monsoon influences. A colder winter 
in the interior of the continents, with an unchanged tempera- 
ture on the oceans, would certainly strengthen the winter winds 
from the interior, and thus bring more cold, dry weather than 
is experienced now, and reduce the precipitation in winter. 
Such conditions are certainly not favorable to a greater accum- 
ulation of snow than the now prevailing. The Ural mountains 
have, as well as those of Norway, prevailing west winds, and a 
much colder winter, but on account of the smaller snowlall, no 
permanent snow and no glaciers, while the west side of ‘the 
Scandinavian mountains has enormous glaciers. If a high 
excentricity and winter in aphelion can have a considerable 
influence on climates, it would give to Western Hurope colder 
winters with a greater proportion of dry east winds and warmer 
summers, both conditions unfavorable to glaciation. It has 
long seemed to me that those who have expressed an opinion 
on the favorable influence of winter in aphelion on glaciation, 
from Adhémar to Dr. Croll and his followers, have been influ- 
enced by the present difference of the northern and southern 
hemispheres. The glaciation is far more prevailing in the latter, 
and this has been ascribed to winter in aphelion on the well- 
known principle ‘ post hoe, ergo propter hoc,” as it gave a 
ready explanation of the former glacial periods of the northern 
hemisphere. I am quite sure that Dr. Croll was also influenced 
by the present differences of both hemispheres. 

Dr. Croll has long been an advocate of the wind theory 
of ocean currents and has proved that, at present, a considerable 
quantity of warm waters is brought by these currents from the 
southern to the northern hemisphere, serving to warm the lat- 
ter. In these two questions he has rendered a good service to 
science. ‘T'he transport of warm waters from the southern to 
the northern hemisphere is a fact, but what is the cause? Dr. 
Croll believes the cause to be, at least indirectly, winter in 
aphelion, which brings, especially during high excentricity, but 
to a certain degree even now, a host of other indirect results, by 
which the given hemisphere. is cooled, its trade-winds are 
strengthened, and bring the more warm water into the other 
hemisphere, the higher the excentricity. I have shown above 
that the cause assigned by Dr. Croll is inadequate to cause any 
considerable lowering of temperature on the ocean in winter, 
and that even the small difference, perhaps possible, must be 
regained in summer. Thus winter in aphelion can not bring 
any change in the velocity of the trade-winds and their more 
southerly extension when winter in aphelion exists in the 
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northern hemisphere, and the reverse during winter in aphelion 
in the southern hemisphere. Why then are the trades of the 
southern hemisphere blowing in the northern at present and 
also why are the conditions more favorable to glaciation in the 
southern than the northern hemisphere? ‘There are certainly 
good reasens for that. 

1. The extent and depth of the oceans of the southern hemi- 
sphere. ‘This gives a greater steadiness and force to the winds 
of that hemisphere, and the difference is even more marked if 
we compare the westerly winds of middle latitudes rather than 
the trades, though also well seen in the latter. Now land acts 
in two ways on the trade-winds; it weakens them, first, by the 
increase of friction. But this is not all. The trades, few ocean 
regions excepted, are not strong winds, they are important on 
account of their extent and steadiness. The gradient which 
causes them is small. Now in such eases land, even if it is not 
a continent but only a cluster of small islands, has a great influ- 
ence on trade-winds in causing local gradients which may have 
even an opposite direction to the general gradients, thus causing 
different and even opposing winds. The land- and sea-breezes 
and the monsoons are cases in point. Even where the disturb- 
ances of the normal ocean gradients are not large enough to 
cause monsoons, we see generally the trades oftener interrupted 
in summer, when they are weaker and when local thunder- 
storms and rains are more frequent on land. For the two rea- 
sons given, the trades of the southern hemisphere must be more 
extensive and stronger than those of the northern. 

2. The relatively small extent of sea in middle latitudes of 
the northern hemisphere, in comparison to the southern, must 
tend to warm the seas of the former, even if the quantity of 
warm water from the tropical seas reaching them be equal. 
Thus, generally in the middle latitudes, the evaporation goes on 
at a higher temperature from the seas of the northern, than the 
southern hemisphere. Now, this has a very great influence on 
the resulting precipitation; when the evaporation goes on at or 
near 382° there is much more probability that the resulting pre- 
cipitation will be snow and not rain even on low lands; the 
higher the temperature at which the evaporation takes eee 
the greater must be the height at which snow can fall, 
account of cooling by expansion. 

3, Not all cold seas are favorable to glaciation. If they are 
pemeoar lod by land on which the winters have a temperature 
considerably below 32°, they will be covered with ice, and thus 
evaporation will be checked just at the time when it is most 
favorable to snowfall. The ice of the seas will be covered with 
snow, the temperature of the air over it may be very low, but 
the snowfall will not be great and thus the conditions not favor- 
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able to glaciation. Such is the condition of many seas of the 
northern hemisphere, as the Arctic ocean north of Siberia, the 
Kara sea, the bays and inlets north of the North American con- 
tinent, the sea of Okhotsk, ete., which are covered with ice dur- 
ing many months. These conditions are favorable to cold of 
many months duration, but not to a large snowfall and the 
resulting glaciation. The observations made at many points off 
the coasts of Siberia and the North American archipelago have 
shown that the snowfall is exceedingly light. The seas between 
45°—70° of southern latitude are deep and not surrounded by 
land, and thus by far not so ice-bound, both on account of the 
absence of very low temperatures favorable to the formation of 
ice, and of the rupture of the ice, when formed, by winds and 
currents. Such seas as these are very favorable to snowfall 
and glaciation on land, since, even in mid-winter, there is a 
great extent of water which evaporates freely. The only parts 
of the northern hemisphere where glaciation is considerable, 
outside of high mountains, is the region from Greenland .to 
Francis Joseph Land, but here we have rather cold seas, which 
are yet not entirely ice-bound even in winter. These seas are 
more favorable to snowfall and glaciation than those around 
Great Britain, because colder, and than those of the North 
American archipelago, the Kara sea and the Arctic ocean near 
Siberia, because less ice-bound in the cold season. 

4, The intense glaciation of the highest southern latitudes 
gives an enormous quantity of icebergs floating northward, 
that is to the seas of lower latitudes. As the surface of the 
southern seas to about 62° 8. is below 82° F., even in mid-sum- 
mer, the icebergs cannot melt till they reach that latitude, and 
their immense size enables them to reach sometimes even the 
35° S. They certainly cool the waters, and thus produce con- 
ditions favorable to glaciation even in lower middle latitudes. 
This, besides, is a further direct cause of lower temperatures, 
and an indirect cause of stronger and more extensive trade- 
winds, which reach to beyond the equator and bring much 
warm water to the northern hemisphere. The geographical 
position is also favorable to this, especially the situation of Cape 
St. Roque and its vicinity. 

It is easy to see from all this, that there is no necessity to 
seek for the reason of the difference of the northern and south- 
ern hemispheres as to glaciation, by calling to aid the winter in 
perihelion of the former and the winter in aphelion of the lat- 
ter; much simpler causes explain the result. The operation of 
these causes is exceedingly well illustrated in the glaciation of 
a part of the higher latitudes of the northern latitudes, while to 
the east and west there is none, with lower mean annual tem- 
peratures. 

a eT 
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I take another example from the southern hemisphere. Its 
general geographical conditions are favorable to glaciation, but 
by far not everywhere equally. Thus the higher latitudes of 
the eastern part of South America have as little snow, even in 
winter, as the warmest parts of the Huropean continent under 
the same latitudes, while a degree or two to the south South 
Georgia is deeply gliciated. As to South America, I must dis- 
agree also with Mr. A. R. Wallace* as to the condition of 
this continent being a proof of the influence of winter in aphe- 
lion on glaciation. Besides what is stated above as to the con- 
ditions of the eastern part of the continent, I may mention the 
absence of snow and glaciers from the highlands of the Atacama 
desert (above 10,000 feet high) and those between the coast and 
Lake Titicaca (above 14,000 feet). Only in the western part 
of the continent, and south of 35° S. is glaciation prevailing. 
But where, in the northern hemisphere, have we so enormous 
an extent of sea westward, with such regular and brisk west 
winds, bringing an immense quantity of vapor, which is con- 
densed into snow? ‘The amount of precipitation on the west 
coast and the western slope of the mountains of South America, 
south of 40° S., is scarcely equaled anywhere in the tropics. 
Here again, geographical causes explain the result. The same 
may be said of the west coast of the southern island of New 
Zealand. Here also high mountains rise, and to the west is an 
immense stretch of ocean, uninterrupted to the east coast of 
South America. The snowfall is enormous and glaciers reach 
to 700 feet above sea-level under 43° S. and yet the mean tem- 
perature at sea-level is higher than in other meridians of the 
southern hemisphere and the greater part of the northern also. 

In the two examples given above, evaporation takes place 
from seas of relatively high surface temperature, about 50° F. 
or more, and in such cases permanent snow can begin, only at 
a height of some thousand feet, because air rising to such a 
height is cooled by expansion and its vapor precipitated in the 
form of snow. Mr. A. R. Wallacet+ has very well shown the 
importance of high land for glaciatiou, though, to my mind, he 
has gone too far in not admitting the possibility of glaciation on 
low lands. 

I must conclude. An English geologist of notet has 
called Dr. Croll’s hypotheses brilliant and fascinating. So 
they certainly are. The originality of the conception, the fer- 
tility of resource of the author, his indomitable will, are sym- 
pathetic in the highest degree. It is with a melancholy feeling 
that I confess that interesting and important as are some parts 
of the system of Dr. Croll, the main points of it are opposed to 
the most certain teachings of meteorology and can not be 

* Island Life, page 142 ff. + Island Life. t Mr. Searles Wood, Jr. 
Am. Jour. Sci1.—THIRD SERIES, VOL. XXXI, No. 182.—Mar., 1886. 

12 



178 D. P. Penhallow—Tendril Movements in 

accepted. Besides the purely geological and cosmological part 
of his work, which I do not consider here, and the tables of 
excentricity, what can be accepted? ‘The wind theory of the 
upper oceanic currents, the notion of the great climatological 
effects of these currents (though by far not in the exaggerated 
extent given to them by Dr. Croll), some of his considerations 
on the conservative effects of snow and ice. The main points 
on which rests, so to say, the whole fabric in its explanation of gla- 
ctation and geological climates generally—the influence of winter in 
aphelion and perthelion during high excentricity and the calcula- 
tion of temperatures in proportion to the sun-heat received—are, 
unfortunately, fallacies. 

Geologists will have to look for other causes to explain the 
more or less frequent glacial and interglacial periods which 
their studies lead them to admit. 

ArT. XVII.—-Zendril Movements in Cucurbita maxima and C. - 
Pepo; by D. P. PENHALLOW. 

(Continued from page 114.) 

Conclusion. 

With these facts before us, we may now proceed to discuss 
the various phenomena and draw such conclusions from them 
as appear justified. 

Temperature.—Vhe observations here recorded appear to be 
in harmony with the views generally received, that within cer- 
tain limits, and with the conditions otherwise favorable, higher 
temperatures are promotive of the most rapid growth. Accord- 
ing to the experiments of Sachs* upon the germinating seeds 
of Cucurbita, the most rapid growth was found to take place 
under the influence of a temperature of 33°7° C.; but we have 
to observe that the growing embryo was doubtless placed 
under conditions which permitted the normal tension of the 
parts upon which observations were made to be fully pre- 
served. In our own observations, the greatest growth, or 
greatest tendril movement, was made under a temperature of 
244° C., while the most rapid growth of the vine occurred 
when the temperature ranged from 29° to 36°6°C. It is 
important, however, not to lose sight of the fact that in these 
cases, we have to deal with modifying influences which affect 
growth through the tension of the tissues, a disturbance of 
which frequently occurs as a result of high temperature. 
Thus, if we compare an even number of hours of growth when 
the temperature is above 30° C., with the same number when 

* Text-Book, p. 647, ete. 

pape: 
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the thermal range is from 25° to 80° C., we shall find the growth 
in the latter case to be greater as the following show, 
where six observations covering the same hours of day are 
compared. 

Aver. growth 
No. of obs. Aver. temp. Total growth. per hour. Rel. hum. 

6 NicOni€, 2:0 in. 0°3338 in. high. 
6 34°9 WAG. 0:266) low. 

These figures show that there is a well defined limit to the 
temperature which is most beneficial to plant growth; and, 
furthermore, that this limit is not fixed, but is variable ac- 
cording to the attendant conditions. Certain exceptions to 
the general law seem at times to appear, as when the most 
rapid growth coincides with the maximum temperature, but 
these instances are really conformable, and are capable of 
explanation upon the ground that (1) the maximum tempera- 
ture was in reality not very high, and (2) that if high, the 
conditions of humidity were at the same time most favorable, 
or (8) that these very rapid growths were only extreme fluctua- 
tions in a very variable wave, and this will appear from a care- 
ful inspection of the figures given. The same will be found 
to hold true with reference to all the observations here recorded. 

The relative humidity of the atmosphere, or the degree of 
saturation as dependent upon temperature, exerts a direct 
influence upon the condition of tension in growing tissues, and 
consequently upon the growth itself, by inducing more or less 
rapid transpiration of moisture from the leaves. While, there- 
fore, increasing temperature directly promotes growth on the 
one hand, it indirectly retards it on the other. Again, taking 
the figures already given, and comparing the atmospheric: 
humidity with the results there shown, it will be seen that 
the greatest growth was obtained under conditions of greater 
moisture, therefore when transpiration was reduced to the 
minimum. On the other hand, the least growth was made 
under conditions of less humidity, and therefore when transpi- 
ration was active. Doubtless, also, the humidity of the soil 
exerted an important influence upon the processes of growth 
as observed, but, unfortunately, no record of this was kept, and 
the relations which it bore to growth cannot now be brought 
out as they should be. 

Alternations of day and night cause a marked influence 
upon, and variation in, the phenomena of growth. Light gen- 
erally exerts a retarding influence,* and other conditions being 
equal, we should naturally expect to find the greatest elonga- 

* Sachs, Text Book, p. 755. Arbeiten das Bot. Inst. in Wurzburg, 1871. Bot. 
Zeit., 1865. 
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tion of the axis, greatest increase in the weight of the squash, 
and most rapid movement of the motile parts, during the hours 
between sunset and sunrise. 

From the experiments now under consideration, we find that 
the growth during hours of darkness was in reality less than 
that during daylight, since we obtained in the case of tendrils, 
a movement of 1859-90™ for the day, against 53690™ for the 
night; and in the growth of the vine, 4444™ for the day 
against 34:°28™ for the night. Rauwenhoff found that the 
growth i in Cucurbita pepo for twelve hours of day, was 56°9 per 
cent of the whole, thus leaving only 43 per cent for the same 
number of hours of night, or a ratio of 1:1°32 in favor of the 
former. Our own results are in striking confirmation of this, 
since as already seen, our ratio is as 1: 1:29 in favor of dayhght. 
In the case of the tendrils, the superior influence of conditions 
during the day, becomes much more manifest. 

The movements of the tendrils are found to occur in well- 
defined waves of greater and less activity, which, usually longer 
and of slower movement at the outset, are of decreasing length 
and greater activity with advancing age up to a certain period. 
This, however, 1s soon reached, and beyond this point the 
movements become somewhat longer, but more especially 
slower, with greater maturity. 

It is also important to note that the motion of the tendril is 
always most rapid when accomplishing its grand sweeps 
through the central region of the figure it describes, but that it 
becomes slower and more intermittent when it reaches its ex- 
treme lateral position on either side. This is often very mani- 
fest in the figure obtained, but may be seen more clearly when 
the waves of growth are plotted. This fact was noted by Dar- 
win* as occurring in the Cucurbitacee, especially in Echinocystis, 
but he does not appear to have gained a solution of its cause. 
Nevertheless, there is every reason to believe that it originates 
directly in the unequal torsion of the tendril arm, which would 
of course be greatest at the extreme lateral range, and produce 
the most variable action, while it would be least and give rise 
to the most uniform and regular movement, when the tip 
reaches the central region of its course. 

So long as all the tissues remain soft and in an actively grow- 
ing condition, the waves of growth will succeed one another in 
accordance with the controlling influences already spoken of, but 
as there isan advance in age with general hardening of the tissues 
and large formation of wood, a noticeable and general length- 
ening of the waves ensues. The tip may even drop toward 
the ground as if exhausted and not resume its nutations for one 
or even two hours. When it does, it is generally with a more 
sluggish action. 

* Climbing Plants, p. 129-30. 



Cucurbita maxima and C. Pepo. 181 

From our prev'ous considerations, it is clear that the move- 
ment of the tendril is but a normal manifestation of growth, 
which is subject to the same influences as other vital phenom- 
ena. It now concerns us to determine how this motion is pro- 
duced. This we shall discuss under the following headings :— 

(1) Growth in length. 
(2) Torsion. 
(3) Effect of irritation. 
(4) Cireumnutation. 
(5) Spasmodic movement at the end of activity. 
(6) Coiling about a support. 
(7) Free coiling. 

Growth in length—We have already seen that the tendril 
arm begins to revolve as soon as it has unrolled from the bud 
and becomes straight. At this time it is in a state of rapid 
elongation through its entire length, and while the full length 
ultimately reached must necessarily be largely determined by 
the time at which it comes in contact with an object of support, 
the arms generally attain a length which is nearly or quite 
twice that which they have when first unrolled from the bud. 
It is therefore obvious that most rapid extension is simultaneous 
with the greatest activity, and the two are directly correlated 
throughout the entire period of movement. It is therefore, to 
this very rapid elongation that we must look in the first in- 
stance, for a true explanation of the movement, while second- 
arily, we must consider the differentiation of the component 
tissues, particularly in their relations of mutual tension. 

The structure of the tendril, presenting as it does a diversity 
of tissues, at once shows that this rapid elongation cannot be 
partaken of by all the tissues in equal degrees. The fibro-vas- 
cular bundles and the zone of wood cells are those elements in 
which the least extension can occur, of all the tissues present. 
With reference to all the other tissues, therefore, these elements 
must be brought into a state of positive tension, which increases 
in strenth as age advances and the component cells become 
more strongly modified by the formation of secondary layers, 
thus making them more resisting. 

The collenchyma tissue is also a structure which, while it may 
be capable of greater extension than the elements previously 
considered, is capable of comparatively little elongation after it 
is once fully formed. It may exert a positive tension on the 
wood cells and thus bring themselves into a state of negative 
tension, but with reference to all tissues in a more active state 
of growth, it is constantly in a condition of very strong, positive 
tension. ‘This may be at once seen on making sections. 
Transverse sections are found to quickly bulge out in the center, 
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with a strong, marginal contraction, which is found to be devel- 
oped in the collenchyma itself. Longitudinal sections show a 
strong curvature with the concavity « on the side along which 
the collenchyma runs, clearly demonstrating the strong tension 
of this tissue. Weare also inclined to believe that the cutting, 
as.all other irritation, causes a certain loss of water from the 
tissue within the area of irritation, and thus through con- 
densation, a contraction and further increase of tension. This 
is essentially the view adopted by Sachs,* and it certainly 
appears justified. We must therefore not only regard the 
collenchyma as influencing all the movements dependent 
upon growth, but it must also be considered as that tissue 
which chiefly determines all movements caused by mechanical 
irritation, a view which is amply supported by its presence 
in the tendrils of Vitis, Sicyos, Ampelopsis.and other vines, 
and the relation which it there bears to the movements of these 
tendrils. 

The unmodified fundamental tissue, of large, rounded cells 
filled with protoplasm, is that in which the most rapid and con- 
tinued increase takes place. As the central or pith region early 
loses its vigor and often shrinks away radially, that part lying 
externally to the wood zone and internally to the collenchyma 
is obviously the general region of this tissue which serves to 
retain the power of growth for the longest period, and of this, 
we find the vibrogen bands to not only represent the most 
active growth from the outset, but they retain it up to the 
latest period. Even after the tendril has become well fixed in 
a permanent spiral, the vibrogen will be found to contain an 
abundance of chlorophyll and protoplasm, and thus to essen- 
tially retain its power of extension, although then held in abey- 
ance by the permanant character of the fibrous tissues. We 
must then conclude that the negative tension is most strongly 
developed in the parenchyma as a whole, and in the vibrogen in 
particular, while the positive tension is developed in all the 
fibrous elements, particularly in the collenchyma during the 
earlier periods of activity, and in the wood cells towards the close 
of the active period. 

The collenchyma also bears an important relation to the 
other tissues in its hygroscopic powers. It is a tissue which is 
capable of the greatest variation of density through absorption 
and liberation of water, and whenever such a. change i is induced 
by any means, this tissue must become of primary importance 
in determining secondary movements in the tendril to which it 
belongs. From the information we have collected, not only 
with reference to this but to other tendrils as well, we feel toler- 
ably safe in the view, that, in all cases of sensitive tendrils, the 

* Text Book, p. 869. 
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eollenchyma tissue is that in which the modification of tension 
is first determined. 
Torsion.— We have seen in a previous paragraph, that when 

the tendril arm becomes straight from the bud and begins its 
cireumnutations, the tip is turned slightlv downward, or toward 
the rounded side of the arm. Soon after movement has com. 
menced, it will be observed that the plane which the tip makes 
with the basal portion of the arm, does not maintain the same 
relative position, but that it continually changes. Thus the tip 
may point up, or down, or even sideways. If we follow’any 
one of the collenchyma or vibrogen bands, throughout its en- 
tire length, we shall also find it to assume a variably spiral form, 
conforming to the direction of the tip. There is thus pro- 
duced in the tendril, incident to its most rapid elongation, a dis- 
tinet torsion which frequently turns the tip throngh 180°, and 
sometimes through 270°. Moreover, it will be found that the 
peticle of the tendrils develop a similar and strong torsion, as 
is clearly defined by the longitudinal bands. 

The explanation of this torsion is simple when we remember 
the character of the tissues composing the tendril, and the very 
great difference of tension which is developed between them ; 
while from our previous considerations, it must be clear that, 
in both tendril arms and petiole, the torsion is but the natural 
result of excessive growth in the vibrogen, exerting a strong 
positive tension upon the collenchyma and wood tissues. 

Irritation. —Of the two sides of the tendril arm, that which 
is uppermost and slightly channeled is the least sensitive, 
while the power to respond to mechanical influences appears to 
be centered in the lower portion of the arm where the collen- 
chyma is most abundant, and this leads us to infer that it is 
this tissue which is chiefly concerned in such changes. If the 
vibrogen were the chief factor in such cases, then the change 
of direction must follow one of three planes, to the right, the 
left, or upward, and also the effect of irritation would be most 
conspicuous when the vibrogen was touched. On the other 
hand, however, since the bending is almost always toward the 
lower side, at least never lateral, and since the collenchyma is 
particularly sensitive, we have strong proof pointing to the 
view that the bending is produced by a full maintenance of 
tension in the vibrogen, while that of the collenchyma on the 

- side irritated is increased, and the growth of this tissue ceases 
for the time owing to contraction of the protoplasm from the 
cell walls, according to the well known influence of irritation 
upon living protoplasm.* The power of the tendril to respond 
to irritation, therefore, is correlated to the hygroscopic power 

* Weiss, Allgemeine Botanik, pp. 81 and 82. Darwin, Insectivorous Plants, p. 
38, &e. Hackel, Quart. Journal Mic. Sci., April, 1869. 
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of the tissues themselves, through which variable tension is 
most readily produced. We are thus led to the conclusion that 
the collenchyma is the most important tissue of the entire 
structure for the production of bending under the influence of 
mechanical stimuli. 

A tendril subjected to local irritation for about thirty sec- 
onds develops an abrupt curvature at that point within one or 
two minutes, and not only continues to bend so long as the irri- 
tating body is present, but even for a few seconds after its re- 
moval. Puncture with a pin, or the action of a loop of 
thread, produces the same effect. Irritation over considerable 
length causes a longer curve for the same distance. There is 
in all such results no evidence that the impulse has been con- 
veyed to portions lying on either side of the irritated parts, 
and very soon after the cause is removed the tendril straightens 
out and resumes its cireumnutations as before. A blow, how- 
ever, produces a different effect. When given on any part of 
the arm, the latter receives an impulse which extends through 
its entire length, and instead of developing one long curve or a 
single abrupt turn, it is thrown into a series of long waves. 
Also, irritation at the tip produces the effect of a long curve 
passing through the whole central region. These facts distinctly 
show that the terminal portion is much more sensitive than 
any other part of the tendril, and that irritation given there, or 
imparted to other portions by percussion, is directly transmitted 
through the entire length. That this transmission is accom- 
plished through the protoplasm, which thus serves as the nerve 
material, can no longer be doubted in view of the continuity 
which we have shown to exist, coupled with the wel! known 
sensitive nature of this substance. 

Circumnutation.—Our attention is first of all to be directed 
to the fact pointed out by Darwin* and confirmed by our own 
observations, that the ‘tendrils revolve by the curvature of 
their entire length, excepting the sensitive tip and the base, 
which parts do not move, or move but little.” This clearly 
shows that whatever force is in operation, acts uniformly 
through the entire length of the whole motile organ, and that 
the movement does not have a local origin at or near the base. 
We must therefore conceive, as both Darwin} and Sachst ex- 
plain, that there is a longitudinal band of tissue, or rather that 
a line of cells extends from base to tip of the tendril, and that ° 
this band, or these cells are in a more active state of growth 
than those in other parts of the tendril, thus bending the latter 
toward the opposite side. So far, our observations are in 
strict harmony with these views; but they do not accord with 
the opinions of these eminent authorities when they state that 

* Climbing Plants, p. 170. + Ibid. t Text Book, p. 866. 
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these bands of growth ‘travel round the tendril and suc- 
cessively bow each part to the opposite side,” and in this lies 
the essential part of the true explanation of the movement, 

As already indicated, the figure described is not one of regu- 
lar progression through successive points of an ellipse or other 
figure, but the tendril tip may change its direction very 
abruptly, often exactly retracing the path just passed over, or 
the change of direction may be less abrupt (fig. 2). This indi- 
cates in the first place, that the band of growth does not pass 
regularly through successive points in the circumference of the 
tendril, but that it changes its position without regard to order 
of succession. But it also appears from the figure obtained, 
that while revolving in this irregular manner, the total dex- 
trorse and sinistrorse movements are practically equal. 

An examination of the histological elements of the ten- 
dril as exhibited in cross section, together with the well de- 
fined relation of the different tissues with reference to ten- 
sion, suggested that the true explanation of the movement was 
to be found in the vibrogenic tissue. But it appears (fig. 3) 
that these bands are three in number, two being lateral and 
one superior, the latter passing along the upper side of the 
tendril. If, therefore, they were the true source of the move- 
ment as described in fig. 2, then the lines traced must be devel- 
oped as follows: 
We must conceive that, while the parenchyma tissue grows 

most rapidly, and therefore exerts a determining influence in 
the cireumnutation, the collenchymaand wood tissues of slower 
growth must also produce a secondary influence which will mod- 
ify the direction determined by the vibrogen, and thus produce 
a resultant motion. Thus, line 1-2 (fig. 2) would result from 
excess of growth in J’ or in collenchyma a, a’ (fig. 8). But at 
2, the direction of movement is reversed, and back to 3 it must 
be the resultant of excess of growth in 0”, plus a weaker growth 
in collenchyma a”. From 3-4, vibrogen 0b’ exerts a superior 
influence, while from 4-5, 0 has again the ascendancy over all 
the other tissue and the motion is therefore directly lateral. 
And so on for the other lines traversed, each change of direc- 
tion being the direct expression of superior energy in one of 
the vibrogenic bundles, or the resultant of growth in both 
vibrogen and collenchyma, the excess of growth always being 
in one of the vibrogen bundles. But this result might be pro- 
duced without the energy being specially localized at 6, b’, b”. 
The band of growth might pass through various points "of the 
parenchyma tissue at c, é/, ce’, and thus cause the tendril to bow 
In various directions as explained by Sachs and Darwin. If, 
however, the vibrogen tissue exerts a preponderating influence, 
then, since two bands are lateral and one superior, the figure 
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described must show that the total latitudes (assuming the 
three bands to be of equal size and strength, which they are, 
approximately) are one-half the total departures of movement. 
The following table exhibits the latitudes and departures for 
the thirteen tendrils experimented upon. 

TENDRIL MOVEMENTS. 

Total Latitudes and Departures. 

No. Lat. Dep. 
1 124°30 249°7 
2 53°25 116°60 
3 123°35 269°40 
4 21°00 - 60°83 
5) Y 43°37 91°10 
% We 241-80 398°55 
6 *—> 141°75 266°55 
(bie 87°75 192°80 
es 47°75 69°30 
Se 106°30 264°70 
8 > 67°65 203°03 

3) 53°20 144°50 
9 122°40 118°15 

Totals 1193°87 2445°21 
Means 91°84 188:09 
Ratio Het: 2°05 

From this it will be seen that the total mean fully confirms 
our theoretical considerations, giving in round numbers, lati- 
tudes 91 and departures 188, or a ratio of 1: 2:05. An inspec- 
tion of the figures for each tendril, shows that in many, this 
ratio is fully preserved ; in others, the excess is in favor of the 
latitudes, but we have already shown that the lateral range is 
greatest in the most active tendrils, and that the motions be- 
came more irregular and in latitude, greater, as the tendril 
becomes older. Since it has already been explained, that the 
vibrogen tissue induces torsion of the tendril, it is clear that 
this latter is intimately associated with the circumnutation, since 
both have a common origin. 

Spasmodic Movement.—It has already been noted that the 
movement of the tendril becomes somewhat spasmodic toward 
the close of its active period. Periods of rest, or of actual cessa- 
tion of motion not only occur, but there is often greater irregu- 
larity of movement, and a failure to make those grand sweeps, 
often so conspicuous a feature of the rapid circumnutations. 
If we bear in mind the gradual modification of the tissues dur- 
ing the period of movement, and more particularly toward the 
end of activity, the proper explanation will be easily reached 
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While the vibrogen tissue constantly maintains its full tension, 
the wood ceils are becoming continually thicker, therefore 
more permanent, less capable of extension and hence constantly 
developing a greater resistance to the general elongation of the 
organ asa whole. So long as this mutual tension remains con- 
stant, i. e., so long as the tension of the woody structure is 
released by continued growth in proportion to the development 
of the vibrogen, for just such time will the motions of the ten- 
dril be comparatively regular. With increasing positive 
tension, however, its normal release will necessarily become 
more intermittent on account of the modified character of the 
cells in which it occurs, and the resultant motion of the whole 
tendril arm must show corresponding irregularity. 

Coiling about a Support.—The coiling about an object of sup- 
port with which the tendril comes in contact, results from 
a combination of causes already discussed. We have al- 
ready seen that at the period of contact, the tip first of all 
twines closely about the object, while the basal portion actu- 
ally passes by, through continuation of the movement, until 
excess of torsion draws it up into a double spiral. The coiling 
of the tip is the direct result of irritation as already shown by 
Sachs and Darwin, and as the latter explains,* it is developed 
by a shortening of the side in contact with the object, the same 
change, i. e. condensation of structure through cessation of 
growth and loss of water, operating here as in the previous 
cases, and with Darwin, we can hardly agree with Sachst 
that the coiling is in any way promoted by accelerated growth in 
the unirritated side. 
When once the growth in length is arrested, as it appears to 

be soon after coiling, the maturity of the tissue is the predom- 
inating feature. Hach tendril must be regarded as having a nor- 
mal period within which all the changes of structure are to be 
accomplished. ‘This may be, and undoubtedly is, shortened by 
mechanical influences which are sufficiently long continued, so 
that the maturity of a young tendril is much more rapid after 
having grasped a support than would otherwise have been the 
case. This has already been pointed out by Darwin. On the 
other hand, it is difficult to conceive that the normal period is 
at all prolonged for the purpose of enabling the tendril to find 
a support. Unless a tendril comes in contact with an object 
before its tissues reach a certain stage of development, it can- 
not grasp a support at all. This is well shown by the fact that 
old tendrils which are near the end of their activity, often catch 
hold but imperfectly, or if they secure a hold, fail to properly 
perfect their double spiral. 

Free Coiling.—The changes incident to the free coiling of the 

* Climbing Plants, p. 181. + Text Book, p. 859. 
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tendril have already been discussed incidentally, and it is only 
necessary to repeat in concise form, that coiling of this nature 
is simply due to increasing disproportion of tension in the vari- 
ous tissues, through maturity and cessation of growth in the 
wood cells. 

It only remains for us to now call attention to the fact that 
the motions of leaves, petioles and tendrils are all due to one 
and the same cause, and that the much greater activity and 
range of movement manifested in the latter, finds ample ex- 
planation upon histological grounds: (1) in the much greater dis- 
proportion between length and diameter, (2) in the more strict 
localization of the vibrogen tissue, (3) in its greater flexibility 
through being comparatively solid, and (4) the greater effect of 
unequal tension when exerted longitudinally through a more 
filamentous structure. 

’ In the nutation of the terminal bud of the squash vine, we 
have to deal with some conditions which do not generally ob- 
tain in vines, i. e. the horizontal position of the plant. 
The growing extremity for a distance of two or three feet from 
the tip, under the influence of negative geotropism, has a strong 
tendency to an upright position, which results in a gradual 
curve and the elevation of the terminal bud from .twelve to 
eighteen inches above ground. As growth continues, the tip 
constantly ascends until that portion of the vine unsupported 
by the earth, has attained such length that it can no longer 
overcome the direct action of gravitation upon its mass, The 
bud is then seen to be rapidly depressed, but this downward 
movement is succeeded by an upward growth as before. These 
vertical oscillations continue as long as growth of the vine, 
and constitute the chief movements of the extremity. 

A second class of movements is found in the irregularly 
ellipsoidal nutations of the bad. This may be directly referred 
to unequal growth on opposite sides of the stem. While in 
the bud, the internodes are very nearly in a straight line with 
one another. Later, however, when the development of leaf, 
flower and tendril proceeds at a much more rapid rate than the 
growth of the stem at the same node, the excessive formation of 
tissue on the side where these organs are inserted, causes a 
bending of the stem in the opposite direction. This must, there- 
fore, throw the tip of the vine to one side of its former position. 
As this condition of unequal growth occurs at every node 
within the section of growth, the tendency is to throw the ex- 
tremity first to one side and then to the other, and the final direc- 
tion of movement is controlled by the excess of growth upon one 
side, over that on the opposite side. This conclusion was reached 
by me independently in the summer of 1875, and it was grati- 
fying to notice somewhat later, that Sachs had been led to simi- 
lar conclusions, though at a somewhat earlier date. 

> pial 
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From the facts here presented, we feel justified in the follow- 
ing conclusions: 

1. Growth is promoted by an increase of temperature and 
humidity. 

2. Growth may be retarded by an increase of temperature 
when other conditions are not favorable. . 

3. The conditions favorable to growth, arising from temper- 
ature and humidity, may cause greater growth during the day, 
in opposition to the retarding influence of light. 

4. Growth is retarded by excessive transpiration. 
5. The conditions to which the plant is subjected being va- 

riable, there is a corresponding periodicity in the vital phe- 
nomena. 

6. Movements of tendrils and terminal buds, being phenom- 
ena of growth, are modified by whatever variations of condition 
aflect growth. 

With reference to the circumnutations of the tendrils, the 
following appear justified : 

1. Movements of the tendril and petiole are due to unequal 
growth by producing unequal tension of tissues. 

2. The unequal growth is chiefly defined in the vibrogen 
tissue, which may therefore be regarded as the seat of move- 
ment. 

3. The band of unequal growth does not arise at successive 
points of the circumference. 

4, The vibrogen tissue consists of three longitudinal bands, 
each of which becomes more active in turn, without regular 
order. 

5. Bending under the influence of irritation results from ces- 
sation of growth and condensation of structure. 

6. The collenchyma tissue is that which is chiefly concerned 
in variations of tension under mechanical stimuli. 

7. Coiling results (by contact) from cessation of growth and 
condensation of structure or (free coiling) from increased ine- 
quality of tension due to continued growth. 

8. ‘Transmission of impulses is effected through continuity of 
protoplasm in the active tissues. 

a 

Art. XVIII.—WNote on a Method of Measuring the Surface 
Tension of Inquids ; by W. F. MaGir. 

Poisson, in his Nouvelle Théorie de |’Action Capillaire, p. 
217, gives a formula determining approximately the height of 
a large liquid drop standing on a level plate. It contains the 
capillary constant a, which equals the square root of twice the 
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surface tension divided by the specific gravity, the height of 
the summit of the drop above the plate, the radius of the great- 
est section of the drop, and the contact angle between the drop 
and the plate. The formula holds, without any change, for a 
bubble of air formed in a liquid under a level plate. 

If we transform this formula to get a value of a we obtain 

k a” a 
SSS feerae = 

2cos— — fla/2e0s— _—-31'/2 cos? & Ay a/2 COS 5 Myr/2 COS a/2 COS 5 

where & is the height of the bubble, w the contact angle, and 
py the radius of curvature of the summit of the bubble. The 
symbol /’ is defined by the equation /’=/+(y2—1)a, where 
is the radius of the greatest section of the bubble. If the bub- 
ble considered be large, that is, if it have a radius of 30 mm. or 
over, the value of y, as determined by an equation given by 
Poisson on p. 216, is so great that the term containing it may 
be neglected, and the surface of the bubble at the centre treated 
as plane. If we measure the height of the bubble and know 
the contact angle of the liquid and the plate, we get a first 
approximation to the value of a by the use of the first term of 
the formula. By substitution of this value in the remaining 
term, we proceed to a second approximation, which in the case 
of large bubbles is usually sufficient. 
When the liquid is of such a nature that it wets the plate 

under which the bubble is formed, it is usual to assume that 
the contact angle is zero. The formula then becomes simply 

a 
~— 

k 

a/2 34/2 Le 

Doubts have, however, been thrown on the validity of this 
assumption by the work of Wilhelmy,* Quincke,t Traubet and 
others, and it cannot yet be considered as justified by experi- 
ment. It can only be verified by a careful comparison of the 
results obtained for the value of the constant a by the use of 
different methods of measurement. It was for use in such a 
comparison that the method described in this note was con- 
trived. 

In place of the telescope of an ordinary cathetometer was 
placed an arm carrying at one end a vertical microscope. In 
the center of the object glass of the microscope was fastened a 
small piece of white paper. It was brightly illuminated by 
the rays from an incandescent electric lamp, which were con- 
centrated by a lens, and reflected upon the paper from a small 
mirror. The bubble to be measured was formed under a glass 

-*Poge. Ann., cxix, 177. + Pogg. Ann., cxxxix, 1. 
t Journ. fiir prakt. Chem., new series, xxxi, 514. 



the Surface Tension of Liquids. UO). 

plate supported by three porcelain rests in a glass dish. The 
dish stood upon a low table furnished with levelling screws. 
The liquid to be investigated filled the dish above the lower 
surface of the plate, but did not cover the upper surface. With 
this arrangement it was possible to obtain bubbles over 10™ 
in diameter of almost perfectly circular section, and by careful 
manipulation of the levelling screws to bring the bubbles 
momentarily to rest under the middle of the plate. 
When the bubble was formed and had become as nearly sta- 

tionary as possible, the microscope was brougut over its center, 
and’ lowered until it was sharply focussed on the image of the 
paper reflected from the approximately plane surface of the 
bubble. The position was then read on the cathetometer scale, 
and the microscope raised by means of the tangent screw of 
the cathetometer, until it was focussed on the image of the 
paper reflected from the lower surface of the glass plate. The 
position was again read on the cathetometer scale. It can easily 
be shown that the difference of these two position-readings was 
equal to the height of the bubble. The scale of the cathetom- 
eter could be read directly by means of a vernier to twentieths 
of a millimeter. 

The diameter of the bubble, which only enters in the correc- 
tion term, was measured with sufficient exactness with an ordi- 
nary millimeter scale. 

The results which I have obtained by the use of this method 
compare very favorably for uniformity with those given by avy 
other method. They are presented in the following tables, in 
order to show what may be expected of the method. They are 
not, however, to be taken as final results. 

The values for & and Z are given in millimeters, and a’ is 
given instead of a, as it is the constant usually employed. 

Distiiled Water. 

i i a Temp. 
5°60 56 15°093 IDK OF, 

5°56 56 14°962 Pap 

5°59 63°5 15°179 19 
5°57 63°5 15°070 19 

ab 57 15°03 1 19 

Mean, 15:067 

5°65 53 15°398 6 

5°605 55 Leela ®) 6 

5634 52°5 15°311 6 

5°64 5%) 15°367 7 

Mean, 15°314 
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Absolute Alcohol, sp. gr. 0°7934 at 15°6° C, 
k l a Temp. 

3°437 45°5 5 760 16°6° C, 
3°45 ATS 5°808 14°4 

3°442 50 5°789 

3407 60 5°698 12°8 

Mean, 5°764 

Olive Oil, sp. gr. 0°914 at 18° C. 
k l a Temp. 

3°917 55 77491 18°6° G, 

3°872 52°5 7317 19 
3°914 47°5 7.447 18 

3°892 52°5 7°387 18 

Mean, 7°410 

Petroleum, sp. gr. 0°808 at 16° C. 
k l a Temp. 

3°682 60°5 6°641 15:4: 

3°753 57°5 6°891 15°4 

3°717 52°5 6°744 15.2 

Ser 1¢/ 52 6°744 16°5 

Mean, 6°755 

Each of the above values of & is the mean of several (usually 
four) independent measurements. The figure in the third deci- 
mal place is the result of the division by which the mean was 
obtained. The original readings were made by estimation to 
hundredths of a millimeter. 

In order to compare the above results with those given by 
other observers, it 1s necessary to reduce them to a common 
temperature. For this purpose I have used the coefficients 
given by Brunner or Hrankenheim and Sondhaus. The final 
mean for @ obtained for water at 0° is 15°54. Laplace uses 
15°36, which is the value usually adopted by the older obser- 
vers. In a recent series of measurements by a method not 
involving the contact angle,* I obtained 15-00 as a value for a’. 
Mr. Durell, Fellow in Experimental Science at Princeton, who 
has kindly undertaken for me a series of measurements of a’ 
from the rise of liquids in capillary tubes, has obtained the 
value 15°62. The discrepancies in these different results, while 
they show that much remains to be done in perfecting the vari- 
ous experimental methods, still show nothing as to the validity 
of the assumption that the contact angle is zero; for, if this 
assumption be untrue, the value of a’ obtained by methods not 

* Wied. Ann., xxv, 421. 
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involving the contact angle should be greater than that obtained 
from the height of bubbles, and that again greater than that 
obtained from the rise in capillary tubes. No inequality of this 
sort 1s apparent. 

The value of a for alcohol, reduced to 0°, is 5941. That 
obtained by Quincke from the rise in capillary tubes is 5-906, 
and that obtained by me from the method above mentioned, 
which does not involve the contact angle, is 5°848. 

For olive oil the reduced value of @ is 7-602. Brunner 
gives 7-461, Quincke 7:366 from the rise in tubes, and I ob- 
tained, from the method mentioned above, 7°315. 

For petroleum the value of a’ at 0° is 7-034. Mr. Durell 
obtained, from the rise in tubes, the value 7:°204. The variable 
character of petroleum renders a comparison with the results 
given by other observers useless. 

The same remarks may be made on the comparison of results 
for alcohol, olive oil and petroleum that have been already 
made in the case of water. The discrepancies in the results 
are not such as to lead to the conclusion that the assumption 
of a zero contact angle is false, in the case of any of the four 
liquids used. The difficulties offered by some of the methods 
employed, and unavoidable differences in the materials used by 
different observers, renders any positive statement at present 
impossible. It is my hope soon to be able to present a con- 
nected series of observations, which will perhaps lead to some 
more definite conclusion. 

John C. Green School of Science, Princeton, N. J. 

Art. XIX.—Wm. B. Rogers's Geology of the Virginias. A 
Review; by J. L. and H. D. CAMPBELL. 

(Continued from vol. xxx, p. 374.) 

Iy our further treatment of the subject before us, we shall 
limit our remarks to the most salient points in the higher 
formations of the geological system of the Virginias, basing 
them chiefly upon personal observations, and making them 
supplementary to the comprehensive and able discussions 
found in the volume under review. 

Niagara Group, IV, V, R. (5a, 6, c and 6).—In Virginia this 
comprehensive group consists of alternating beds of conglom- 
erates, hard sandstones and shales—calcareous shales predomi- 
nating in the upper portion, in which occasional beds of 
impure limestone occur. In the State Reports the whole 
series is described under two divisions, IV and V of Professor 

Am. Jour. Sci.—Tairp Series, Vout. XXXI, No. 183.—Marcu, 1886. 

13 
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Rogers’s series; but in his final chapter, p. 717, he puts the 
whole of IV and the greater part of V together as constituting 
the Niagara group (5a, b, c)p while he regards the higher calea- 
reous shales and limestones as representing the Salina period (6). 
It is gratifying to find him so ready to subordinate his own 
system of notation and nomenclature to the more generally 
applicable and altogether superior system now rendered classic 
in the science through its adoption by the leading American 
geologists. 

The bold escarpments of Medina and Clinton beds constitute 
a conspiuous feature in the Little North Mountain and its 
several outlying ridges, along the western margin of the Great 
Valley, as may be seen in the Jump and House Mountains of 
Rockbridge, and in Purgatory and other ridges in Botetourt 
county. While the dip of these sandstones and the overlying 
shales is generally toward the northwest, or normal, as far 
northward as the Jump Mountain in Rockbridge county, an 
abrupt change occurs at this point, and throughout the remain- 
der of the range, nearly as far northward as the Potomac, the 
eastern margins of the beds are either inverted or thrown into 
a vertical position. This inversion is conspicuous where the 
C. & O. Railway passes through Buffalo Gap, ten miles west of 
Staunton. 

A number of ridges, essentially parallel with the North 
Mountain range, lie between it and the outcropping margins 
of the coal rocks farther west, occupying a belt of mountainous 
country from 20 to 40 miles in width and more than 300 miles 
in length. The framework of these ridges is generally the 
massive sandstone beds of 5a, b, while they are flanked most 
commonly by remnants of 6, and of several higher groups, as 
7 and 8. They are remarkable for their numerous anticlinal 
arches and folds which usually constitute the crests of the 
ridges; and for the comparatively wide and shallow synclinal 
troughs that intervene, and carry the remnants of higher and 
‘less durable formations, among which the dark shales of 10 are 
conspicuous. 

The Clinton beds of this group carry, in many places, valua- 
ble beds of the fossil and red-shale iron ores, which have been 
extensively mined in Pennsylvania, Virginia, Tennessee and 
Alabama, and are noted for the superior quality of iron they 
ield. 

: Salina Group.—The existence of the Salina in the Appa- 
lachians of Virginia may be regarded as yet an open question. 
If it has any representative here it is to be found in the calca- 
reous shales with occasional beds of limestone, mentioned by 
Professor Rogers under V. But while there is reason to sus- 
pect that a portion at least of the higher beds of that series 
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belongs to the Salina (6), additional explorations are required 
to settle the question definitely. 

Lower Helderberg, V1, R. (7), and Oriskany, VII, R. (8).—In 
the recent revision of Professor Dana’s “Table of Geological 
Formations, 1885,” we find that he makes the Helderberg the 
topmost period of the Silurian age, and makes the Oriskany 
the base of the Devonian. Whatever may be the chronological 
relations of these two formations, we find them in Virginia to 
be entirely conformable, to be coextensive with the Appa- 
lachian range, to blend considerably into each other in some 
places—the limestones of the former becoming very siliceous 
in its upper beds, while the sandstones of the latter are some- 
times, though less frequently, calcareous where they come in 
contact with the underlying limestone beds. While the organic 
remains of the Helderberg bear close relations to those of the 
preceding Salina and Niagara periods, they seem to be just as 
nearly related to those found in the Oriskany, though much 
more abundant. In Virginia the relations of the Oriskany 
fossils to any remains found in the Devonian seem to be rather 
remote. Therefore we are still inclined to hold that “the Oris- 
kany sandstone strata are the passage-beds between the Silurian 
and Devonian,” but truly Silurian. This formation is charac- 
terized in Virginia by extensive beds of limonite ores. 
Weare here treating these groups in conjunction because in 

our mountain ranges they are most intimately associated. The > 
one rarely, if ever, appears without the other; and where their 
beds have not been ruptured by contortions and foldings—that 
is, where the undulations have been such as to give the strata 
moderate dips—the durable sandstone of the Oriskany is left 
undecayed in many localities to form the crowning beds of 
mountain ridges of considerable height, and thus protects 
against erosion the less durable beds of Helderberg limestone 
beneath.* As a rule, however, where the sandstones of the 
Niagara period have been thrust up to a considerable height, 
the Helderberg and Oriskany strata have been so much rup- 
tured that their fragments have been removed from the higher 
parts of the ridges by denuding agencies, and their outcropping 
edges alone are now to be found low down on the slopes and 
spurs. The Helderberg limestones being more easily disinte- 
srated than the Oriskany sandstones, are often hidden from 
view, but their position is still indicated by a depression 
between the sandstone and the main ridge, forming a well- 
defined “bench” on each spur, while in the adjacent ravines, 

* We have a striking and very interesting illustration of this arched structure at 
the celebrated Blowing Cave in Bath county, three miles west of Millboro Station 
on the C. & O. Railroad. By a singular oversight Professor Rogers locates the 
cave in the Oriskany instead of the Helderberg. See this Journal, vol. xviii, pp. 
121 and 125 (1879). 
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eroded by mountain streams, the beds of limestone are com- 
monly denuded, and the two formations may be seen in close 
contact. The very intimate relations thus shown between 
these two formations, and the abrupt transition to the next 
higher group incline us, as already stated, to regard them both 
as belonging to the same general geological age. 

The Corniferous Group of Devonian age (Ya, 6, c), as far as 
our observations have extended, and as far as we can draw any 
inference on that point from Rogers’s Reports, has no well- 
defined representative in the Virginia portion of the Appa- 
lachians, we therefore pass to the next higher series, on which 
we wish to make a few remarks. 

No. VIII, R. (equivalent to 10a, b, c, and 11a, 6, Dana), con- 
sists of a remarkable series of slates that are found crowded 
into folds and crumpled masses in the synclines between the 
sandstone ridges of 5a, 6. The “Black,” the “Olive” and the 
lower portion of the ‘“‘Ochreous” divisions of Rogers appear to 
coincide with the Marcellus, Hamilton and Genesee (10a, 6, c) 
of the New York series; while the higher portions of the ochre- 
ous beds doubtless represent the equivalents of the Portage and 
Chemung groups (lla, 6). In many of the valleys where 10a, b 
slates form very conspicuous features of the topography in the 
form of slaty ridges and knobs of various size and shape, beds 
of 11a, 0, if they ever constituted a prominent feature, have been 
almost entirely removed by denuding agencies. The remaining 
slates of 10a, 6, c have been so much crushed and warped by 
the compressing forces exerted by elevation of the bordering 
sandstone ridges, that it is difficult to determine their thickness 
with certainty. But in the middle portion of the range, at 
points where they have been least disturbed and least worn 
down by erosion, as for example, in parts of Bath and Alle- 
ghany counties, we have found them to have an average tbick- 
ness of about 750 feet. In the higher parts we find some beds 
of limestone containing remains of corals, crinoids and mollusks 
of Devonian type. 

Catskill growp, 1X, R. (12).—This series of strata evidently 
constitutes a transition period from Devonian to Carboniferous 
age. Its lithological features as represented in its numerous and 
heavy beds of brown micaceous sandstones, its conglomerates 
and ochreous shales, and what remnants it contains of vegeta- 
ble and animal life, although distinctly Devonian, all sug- 
gest at least an approaching resemblance to what we find in the 
overlying, and essentially conformable, beds of the Sub-carbon- 
iferous period. ; 

Sub-carboniferous, X, X1, R. (18 a, 6.)\—The two divisions of 
the Sub-carboniferous group are quite well characterized in Vir- 
ginia, especially in the middle and southwestern parts of the 
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eastern border of the great coal-field; but the lower division, 
13 a, is especially worthy of notice, as it is here a real coal- 
bearing formation. At the date of Professor Rogers’s Reports, 
(1835-41), it promised to be of great economical importance 
to the State, on account, first, of the intrinsic value of much of 
the coal found in it; secondly, of its proximity to extensive 
beds of iron ores, and to points in the general market; and 
thirdly, of the fact that the eastern portion of the State was, at 
that period, cut off in a great measure from the coal-field west 
of the Alleghany range, by want of lines of transportation. 
But since several railway lines have brought the products of 
the richer and more available mines into competition with 
those that are less productive, and more expensive to work, 
very little mining has been done except to meet demands for | 
local consumption. 

Although this limited field has ceased to have any great 
commercial value, it still possesses a scientific interest from its 
relations to the salt-wells on the Holston and the Kanawha 
rivers. 

The history of geological investigations and speculations 
regarding the origin of the beds of gypsum and salt, found in 
the valley of the north fork of the Holston, in Washington 
county, is both interesting and instructive. The problem of 
the true geological relation of these minerals has for a long time 
been under discussion. ‘Traversing the little river valley in 
which they are found is a remarkable line of faulting, by which 
the beds of Sub-carboniferous, 13 a, 6, have dropped down on 
the northwest side, or the Canadian limestones of 3 3, c, have 
been thrust upward on the southeast side, to such an extent that 
the two formations are now on the same level, although at other 
points, where they still retain their normal relations to each 
other, they are several thousand feet apart. 

Near this line of dislocation, beds of gypsum, in rather irreg- 
ular concretionary masses, have been opened and mined at a 
number of points over an area of several square miles. Within 
this general area a number of salt-wells have been sunk, pene- 
trating beds of rock-salt of considerable thickness. From the 
strong brine of these wells salt has been manufactured for many 
years. 

As to the gypsum, all agree that it was once corbonate of 
lime, changed now to sulphate by the action of sulphuric acid 
from the adjacent pyritous shales, but there has been a differ- 
ence of opinion as to the age of the limestones from which the 
gypsum was produced.. In relation to the source and mode of 
accumulation of the salt beds, there has been a like diversity of 
opinion. Prof. Rogers himself seems to have greatly modified 
his views of this region at different periods in the history of his 
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explorations. In his State Report for 1837 he locates these 
gypsum and salt beds in the upper part of his No. V—probably 
Salina or No. 6 of Dana’s series. In the Report of 1838 he 
appears to have found the source of the gypsum at least, in the 
limestones high up in his No. VIII. Then, in his notes pre- 
pared in 1878 for Macfarlane’s Railway Guide, he says of the salt 
and gypsum, that ‘‘ Both deposits are probably referable to the 
Sub-carboniferous period.” If the solution of this problem 
proved so difficult and perplexing to a profound and accom- 
plished geologist like Prof. Rogers, it becomes us to approach 
it with modesty. The question, however, seems to be still open 
for discussion and for differences of opinion. 

In Prof. Dana’s Manual of Geology, revised edition, 1880, p. 
2338, these deposits are referred to the Salina period, (6). Prof. 
Lesley in his Report on the Geology of some of the southwest 
counties of Virginia, 1871, regards the gypsum as produced by 
the action of sulphuric acid or sulphuretted hydrogen from the 
‘“¢ Lower coal-measures,” on the Lower Silurian limestones of the 
Holston valley. His theory of the accumulation of the salt is 
thus expressed: “ The appearance of brine in such quantity and 
of such strength must be considered a local phenomenon explain- 
able without reference to the gypsum. Such an explanation 
may be found in the very curious lake deposits of the little tri- 
angular plain at Saltville; a deposit evidently made in a deep 
little lake or pond basin filled with red mud, and saturated with 
salt-water, gypsum drainings, etc. . . . . Thesalt hesina 
solid form, mixed and interstratified with compact red marl or 
clay, 200 feet below the water-level of the Holston; and the 
borings have gone down, at the salt-works, 176 feet further 
without reaching the bottom.” If this be the true view, the 
salt lake must have been formed and filled at a period subse- 
quent to the production of the fissure above mentioned ; perhaps 
in Permian or in Mesozoic time. If the question as to the 
source of the salt of these beds is ever finally settled, that source 
will most probably be found in the Sub-carboniferous ; in that 
case the question becomes analogous to that in regard to the 
same formation in Kanawha valley, where Rogers says, ‘from 
these strata there is every reason to believe are derived the 
saline ingredients which enrich the salt wells of that enterpris- 
ing and prosperous region,” (p. 873). 

Saltville is easily accessible by rail, and is surrounded by a 
variety of interesting geological features, besides the beds of 
gypsum and salt. 

Conglomerate Coal Groups, XII, R. (14 a).—The great con- 
glomerate bed, called by English geologists, ‘‘ Millstone Grit,” 
seems to have been regarded by the early geologists of this 
country as one simple bed underlying the whole of the Appala- 
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chian coal-field. Butin Virginia, Rogers determined forty years 
ago, that there were two distinct divisions of the Great Con- 
glomerate, with intervening ‘‘seams of coal between these divis- 
ions.” Hence the lower division is now recognized as the floor 
of only a sub-division of the true coal measures, to which 
Rogers gave the appropriate designation, ‘‘ Conglomerate Coal 
Group.” To him belongs the honor of having determined its 
true status in the Virginia series, and yet it has most probably 
proved to be far more important, (as developed in the Quinne- 
mont mines, on New River, and the Blue Stone and the Poca- 
hontas (Flat Top) mines farther to the southwest), than was an- 
ticipated by him, when, forty years ago he wrote about it, more 
as having a prospective than a determined value. 

Above the Conglomerate group Rogers recognizes four sub- 
divisions, to which, in his table, p. 717, he applies the terms 
‘Lower Coal Group,” “Lower Barren Group,” “ Upper Coal 
Group,” ‘ Upper Barren Group.” ‘The first three seem to be 
covered by Prof. Dana’s 14 b,c; and the last appears to coin- 
cide with 15. For we find on his geological map the area of 
the ‘Upper Barren Group” represented as of Permian age,* 
and mapped down as bordering on the Ohio river, from the 
mouth of the Great Kanawha to the vicinity of Wheeling, 
and covering uearly the whole of two tiers of counties along 
that margin of the State. 

MIDDLE SEconpDaRY, (16-17).—Such is Rogers’s designation 
of the groups of Mesozoic age. The lower portion he regards 
as embracing the Triassic and Jurassic blending into each 
other; and hence applies to it the term, ‘ Jurasso-Triassic,” 
(16-17), while for like reason he calls the higher portion “ Ju- 
rasso-Cretaceous,” (17-18). Rocks of this age in Virginia are 
found altogether east of the Blue Ridge, and so far as yet de- 
termined they rest, not upon rocks of the next preceding age, 
but upon Archean beds—usually in trough-like depressions, 
or perhaps in basins of erosion. The extensive areas covered 
by these rocks are generally of irregular oval form, and in in- 
terrupted belts having a general N.H. and S. W. trend, corres- 
ponding with the usual course of the outcrops of the Archzan 
beds. ‘The Mesozoic coal field near Richmond forms an ex- 
ceptional case—its longest axis being north and south, and hence 
parallel to the corresponding part of the Atlantic coast. 

It is worthy of remark, that the northwest margin of the belt 
of Mesozoic rocks, north of James River, skirts the southeastern 
base of a range of ridges running nearly parallel with the Blue 

* Prof. Fontaine, of the Virginia State University, and Prof. White, of the Uni- 
versity of West Virginia, seem to have established the identity of a number of 
species of the flora of this group with those of the recognized Permian in other 
regions, American and foreign. ° 
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Ridge, and known by different names, as Cittocton Mountain 
in Loudoun county, Bull Run Mountain in Fauquier; and 
farther to the southwest, its several parts are known as South- 
west, Green and Findlay’s Mountains. This’ leads to the in- 
ference that the broken range thus designated was the shore 
line of the Mesozoic sea in which these groups of strata were 
originally deposited. 

Another point worthy of note, in connection with the topog- 
raphy of the tracts, is that they differ from one another but 
little in their elevation above tide-level, though separated by 
intervals of many miles. This has been determined by the 
surveys of the railway lines by which they are severally 
traversed, and on which we give the elevations of only such 
points as are actually on Mesozoic strata. For examples, on 
the Virginia Midland Road, Manassas station is 317 feet above 
tide; the average elevation from that point to Culpeper is 300 
feet; the portion of the Manassas and Strasburg branch of the 
same road, as far as it runs on this formation, has an average 
elevation of 351 feet, the minimum being 317, and maximum 
395 feet. On the Richmond and Danville road, Coal-field 
‘station is elevated 320 feet above tide, and Powhatan station 
317 feet. Farmville on the Norfolk & Western road, where it 
crosses Mesozoic rocks, has an elevation of 316 feet. At these 
several points on!y the Jurasso-Triassic beds (16-17) are found, 
with none of the newer beds of Jurasso-Cretaceous overlying 
them, hence we may conclude that they were elevated above 
the level of the sea before the Cretaceous epoch. And, after 
making allowance for a considerable amount of erosion and 
denudation, we may very reasonably conclude that the sea 
bottom, which received the latest deposits of 16-17, has been 
lifted through a space of at least 400 feet above present tide- 
level, plus the depth of the water in which those deposits were 
made; and that the uplift was simultaneous and very uniform 
in extent, over an area 200 miles long and 50 or 60 miles wide, 
or fully one thousand square miles. 

TERTIARY AGE.—Focene, Miocene, Pliocene, (19 a, b, c.)— 
Rocks of this age cover a very large area in the eastern part of 
the State. A line from Aquia Creek, on the Potomac, running 
south through Richmond and Petersburg to the North Carolina 
line, would mark out approximately the western border of this 
area, while it covers all the territory between that line and the 
Atlantic coast. Its total length is about 130 miles by a 
meridional line, and its width from Richmond eastward to the 
mouth of the Rappahannock River is about 65 miles, and at 
the latitude of Norfolk 80 miles. 

Although Quaternary Drift obscures much of the surface 
of this Tertiary ‘region, the banks and bluffs of the many 
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streams traversing it afford numerous exposures of Tertiary 
strata, with their characteristic lithological features and fossil 
remains. These are readily accessible on several lines of rail- 
way, and along the rivers below Fredericksburg, Richmond and 
Petersburg. 
We shall direct attention to only a few points of special interest 

in connection with Prof. Rogers’s work in this interesting field. 
As early as 1835 he writes, ‘‘The existence of an extensive 
Kocene formation in eastern Virginia is now for the first time 
announced as furnishing an interesting step in the geological 
inquiries which are now on foot,” ete. 

The Miocene covers the greater part of the Tertiary of Vir- 
ginia, but we shall note only two points of special geological 
interest, as illustrating the appreciation the scientific world has 
placed upon the work of Rogers in this portion of his great 
field. His description of the cliffs near Yorktown, and the de- 
tailed account he gives of the contents of their fossil beds, have 
made that region classic ground for the modern geologist, and 
have given the Miocene the title of “ Yorktown Group ’’—a 
title found in almost every extended discussion of the Tertiary 
age among American writers. 
A second point relates to the history of the first discovery of 

the famous infusorial bed, which crops out conspicuously along 
the slopes of the hills on which the city of Richmond stands, 
and at several other places in Virginia, as well as on the Mary- 
land side of the Potomac. Although this interesting feature 
of our geology has for years commanded the attention and ad- 
miration of the scientific world, and the beautiful picture of its 
diatoms developed by Hhrenberg’s microscope, become familiar 
to the eye of every geologist, we doubt whether many of our 
younger co-workers know much about the history of its first 
discovery. We deem it proper, therefore, to say that, after 
giving a general account of his first discovery and microscopic 
examination of the contents of this wonderful deposit of what 
was then regarded as “‘infusorial animals,” Rogers says, “‘ In 
view of these interesting facts, the discovery of the n/fusory 
Stratum, as one of the members of our series of Tertiary de- 
posits, cannot fail to be regarded as an important addition to 
our knowledge of the Tertiary of this country, and has the 
greater interest at present, as being the first example yet ob- 
served in the United States of the occurrence of infusorial 
remains in any but the most recent geological formations.” His 
latest view of the geological position of this formation is, that 
it is near the base but still within the Miocene group. We are 
ready, from personal observations, to accept this conclusion. 

Virginia and West Virginia together present a vast field, em- 
bracing within itself an almost complete system of geological 
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formations, of which we have given only some of the promi- 
nent features. While a great work has been done by Rogers 
and others, the material of the field is far from being exhausted ; 
and the amateur student can readily find access to any particular 
formation or group, which he may desire to make a special 
subject of study. 
Washington and Lee University, Lexington, Virginia, 1885. 

ART. XX.— Observations on the Tertiary of Mississippi and 
Alabama, with descriptions of new species; by D. W. LAne- 
DON, JR., Geological Survey of Alabama. 

In the following notes will be found a statement of some per- 
sonal observations upon the Tertiary of Alabama and Mississippi, 
made the past season, which may help to settle the point of 
dispute recently raised over the stratigraphy of the region. 

Just above the Vicksburg and Meridian Railroad bridge 
over the Pearl River at Jackson, Miss., and on the west bank, 
the following section is exposed: 

Pearl River Section, No. 1. 
Surface soiland drift pebbless> ass 22) ase 8 feet. 
1. Calcareous blue joint clay, very much like the “ Rotten 

limestone” of the Cretaceous. Fossils generally de- 
composed, Pecten nuperus Con., Ostrea pandeeformis 
Gabb, well-preserved. Lower portion full of a mad- 
repore known locally as “nigger heads” ___._.----- 15 feet. 

2. Fossiliferous marl containing the ‘‘ Jackson” shells, 
slightly glauconitic. Upper portion reddish, lower 
part binish gray. INot very sandy ss -3222> -eee=eee 10 feet. 

From a point a few hundred yards below the railroad bridge, 
following the river down, there are seen no exposures of Ter- 
tiary strata until arriving at a small bluff on the east side of 
the river and estimated to be about a half mile south of Jack- 
son. Here an exposure of the caleareous clay (No. 1, of the 
above section) six inches thick, is seen just above the water. 
This streak continues for two miles, never showing more than 
two feet of strata until reaching Richmond Lake Bluff, four 
miles a little west of south of Jackson, where it shows four feet 
thick overlaid by river alluvium. ‘The last of these clays dis- 
appear below the water about a half mile further down the 
river. The fossils of this clay are principally Ostrea pande- 
formis Gabb, Venerecardia planicosta Blain., and other shells too 
friable to be distinguished, as well as fragments of Crustacea. 
The outcrops up to this point are not extensive enough at any 
one place to estimate the amount of the dip, but the direction 
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is plainly southern, as the clays (No. 1 of my section 1) are 
seen at the water’s edge here. For several miles nothing is 
seen along the river bank, but finally at a point ten miles 
by river (about six directly) above Byram the “ lignitiferous 
sands” mentioned by Hilgard* first appear as in Section 2. 

Pearl River Section, No. 2. 

1. Laminated gray micaceous sands very slightly argilla- 
ceous, containing fragments of leaves, and bits of 
lignitic matter, but no fossils distinguishable ---_--- - 4 feet. 

PeeE cri inyalio mite <2) saeaees ante 2 ne Culley on NL 3 feet. 
3. Gray micaceous sands to water level__.....-...----- 6 in. 

The strata show at this point a dip of about twenty feet in a 
hundred toward the south. The exact point of contact with 
the Jackson clays is not seen, but the gap between this section 
and the last exposure of my No. 1 of section No. 1, is not 
more than a quarter of a mile, and as both show a southern 
dip, the natural inference is that their distance apart vertically 
cannot be great. About a quarter of a mile still farther down 
the river there is an evidence of slight rolls in the strata, but 
the tendency of the dip still remains southerly. A gap of 
about a quarter of a mile then occurred and the gray sands 
when next seen were dipping southward very rapidly, as much 
as five feet in a hundred, and fully fifty feet of strata are ex- 
exposed. This dip, as well as the one previously noticed, is 
abnormally great, and is probably due to some local disturb- 
ance. In the upper part of the fifty feet observed, the sands 
became somewhat indurated, forming overhanging ledges two 
or three feet thick, the lower portions contained bits of lignitic 
material and pyrite; a large log two feet in diameter and com- 
pletely lignitized, was also seen. Another gap of about a 
quarter of a mile occurred and then appeared the first evi- 
dences of Vicksburg strata in a high bluff on the east bank of 
the river, where the following section is seen : 

Pearl River Section, No. 3. 

Surface soil, growth mainly Pinus australis. .....------- 4 feet. 
1. White limestone, upper- portion decomposed, lower. 

part harder and slightly crystalline; contains Ordz- 
toides Mantellit Mort., Pecten Poulsoni Mort., and 
CASUS Obrsevieraltoivialivessn).) 2s. 5 5 umn Mn ine lye Se 4 feet 

2. Gray calcareous clay containing Pecten Poulsoni Mort., 
andsother tossils/allovery triable 222i 5355 Seen 4 feet. 

3. White limestone containing some indurated irregular 
ledges, noriossils) seem...) 23) eo ete oe 5 feet. 

* This Journal, p. 268, No. 178, vol. xxx. 
+ Under this name I include the two species usually ascribed to this genus. 
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4. Highly fossiliferous decomposed greensand, the grains 
of quartz small,—fossils mainly casts and showing a 
preponderance of bivalves » Mort., 
Orbitoides Muantelli Mort., very well preserved— 
Conus sauridens Con., Cardiuim Vicksburgense Con., 
and Buccinum Mississippiensis Con., as casts_-- ---- 4 feet. 

5. White limestone with Orbitoides Mantelli Mort. Show- 
ing to water’s edge about 200 yards farther down 
stream where it is about i2 feet thick _...-_-_..--- 8 feet. 

Talus obscuring face at this point_-....-..---- ote eee 6 feet. 

The appearance of the limestone at this point resembles more 
closely that at St. Stephens in Alabama than any I have yet 
seen in Mississippi. A half mile below we have 

Section 4. 

1. White limestone containing a few greensand grains 
and occasionally an O. Mantelli Mort. ------------- 4 feet. 

2. Decomposed greensand indurated and breaking off in 
great blocks. Contains Orbditoides Mantelli Mort., 
Pecten Poulsonit Mort., and numbers of casts. 
Rather large quartz orains disseminated through the 
edi. FP eS Ges Re Ea ie leet a ee 4 feet. 

3. Blue glauconitic, sandy marl, containing Pecten Poul- 
soni Mort., Discoflustrellaria Bouei (G. and H.), Tur- 
binolia pharetra Lea, and two species of Madrepora_ 4 feet. 

From this point down to Byram Station the strata are ex- 
posed continuously either on one bank or the other, so that the 
connection can be easily kept in sight. Half a mile below 
the last section the strata are exposed ina bluff half a mile 
long and running almost due south, thus affording an excellent 
opportunity for estimating the dip. For this purpose two hard 
ledges of Orbitoidal limestone five feet above the water were 
selected, and in three hundred yards they passed below the 
river level. Just around a bend, the river cuts across the 
strike, and, at this point, No. 2 of my section 3 has sunk 
nearly to the water’s edge, which, as this point is three or four 
miles west ot where the section 3 was made, shows a westerly 
inclination of six or seven feet to the mile. The resultant of 
these two dips shows a southwesterly dip. At Byram Station 
on the Illinois Central Railroad, ten miles from Jackson, the 
following section is exposed : 

Section 5. 
Surface soil ees. 2. Seas Be aaah 8 15 feet. 
1. Reddish marl, containing a few grains of glauconite 

and numbers of Pecten Poulsoni Mort., and Orbitoides 
Mantellé, Mort. 2 os SR ee ee eee 2 feet. 
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2. Bluish gray marl, like the above, containing very little 
grit. Fossils—Pecten Poulsoni Mort., Ostrea Vicks- 
burgense Con., Cardium diversum Con., Crassatelia 
Mississippiensis Con., Sigaretus Mississippiensis Con., 
Orbitoides Mantelli Mort., Cytherea imitabilis Con., 
Turritella Mississippiensis Con., Cytherea sobrina 
Con., Mitra conquisita Con., Turbinella protracta 
Con., Madrepora Mississippiensis Con., Cithara Mis- 
sissipptensis Con., Arca Mississippiensis Con., Terebra 
divisura Con., Pleurotoma congesta Con., P. tenella 
Con., P. (Scobinella) ceelata Con., P. cristata Con., P. 
cochliaris Con., Aporrhais lyrata Con., Caricella 
demissa Con., Oliva Mississippiensis Con., Triton 
crassidens Con., 7. abbreviatus Con., Solarium triline- 
atum Con., Ficus Mississippiensis Con., Capulus* 
Americanus Con., Cyprea lintea Con., Phorus humilis 
(CHOY a ees ee ONE UI ice GOR a aE ee 6 feet. 

The strata of this section overlie about twenty-five feet of 
white limestone which rests immediately upon the top of sec- 
tion 8. These marls are overlaid by white limestone, hard 
ledges of which are seen cropping out of the river bank below 
the ferry at this point. The marl gradually sinks out of view, 
and is entirely submerged, within a short distance below the 
ferry. 

There is at Yazoo City an exposure sixty feet thick of gray 
calcareous clays which resemble very closely No. 1 of my 
section 1. These clays comrtain Ostrea pandeeformis+ Gabb, 
Venericardia planicosta Blain., Pseudoliva perspectiva Con.., Nu- 
cula magnifica Con., Natica permunda Con., Cytherea sobrina 
Con. and Zeuglodon cetoides vertebree. 

These observations, I think, establish beyond dispute the re- 
lation of the Jackson beds to the Orbitoides limestone and marl 
beds of Byram station. The river, at the time, was at a very 
low stage, affording excellent sections. 

As has been observed by Smitht the lower portion of Tuo- 
mey’s White Limestone in Alabama forms a stiff black prairie 
soil, with a growth of hickory and oak. The upper portion, on 
the other hand, is characterized by slightly undulating open 
“piney woods” with numerous limesinks. The former, Jack- 
son of Hilgard, is identified by Spondylus dumosus Mort., 

* Rather a strange association; the species was described from Jackson and 
has not before been found in Vicksburg strata. 

+ Dr. White (Fossil Ostreidee of North America), says of this Ostrea: “It is 
described from the Cretaceous of Mississippi, but not having been figured it seems 
impracticable to identify it.” The fossil mentioned above answers very well to 
Gabb’s description and is found in close proximity to the original locality. From 
the associated fossils the strata are plainly Tertiary, though the black soil is apt to 
mislead one. 
t Geol. Sur. Ala., 1881-82, page 236. 
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Ostrea Mortonti Gabb, and Zeuglodon vertebra, while the latter 
is recognized by the crystalline character of its limestone, as 
well as by its fossils, Pecten Poulsoni Mort. and Orbitoides 
Mantelli Mort. In Alabama this prairie soil invariably occurs 
north of these limesinks, and as a southern dip is everywhere 
recognized the natural inference is that the strata forming the 
prairie soils should underlie or be older than those forming the 
limesinks. I have observed these prairie soils in Clarke Co., 
Mississippi, near Shubuta, and east of that point crossing over 
into Alabama north of the boundary of Choctaw and Wash- 
ington Counties. They continue from the Alabama line on- 
ward into north Washington County, to between St. Stephens 
and the line of Choctaw County. From this point they can be 
traced across Clarke County, always occurring north of the 
‘“‘limesink country,’ into Monroe County where the writer’s 
investigations terminated. 

At St. Stephen’s Bluff on the Tombigbee River we have 
the following section : 

1. Soft white limestone, the upper part containing num- 
bers of Orbitoides Mantelli Mort., Pecten Poulsoni 
Mort., and a few Scutella Rogersi Mort., all of which 
become less frequent in the lower 20 feet, the litho- , 
logical character remaining the same__-.._--------- 75 feet. 

2. Indurated ledge of blue argillaceous limestone con- 
taining Ostrea eversa Mellv. and large Spondylus 
dumosus Mort. on the under side of the ledge. Some 
On these Spondyls measurels os jee nee ee 6 feet. 

3. Calcareous clay holding a few obscure fossils, mainly 
bivalves: 30 2 252200 2 C5 Toe See eee ne eee 4 feet. 

4. Yellow glauconitic marl containing nodules of phos- 
phate of lime and some few phosphatic casts—a 
Conus, several madrepores and Ostrea Mortoni Gabb, 15 feet. 

This section was made at the old Spanish powder magazine. 
About a half mile below, at the steamboat landing, No. 4 sinks 
out of view showing a southern dip. 

West of this bluff and at a greater elevation, the limestone 
becomes crystalline and shows in weathered masses above the 
surface in the Cedar grove covering the old town of St. Stephens, 
where the inhabitants call it “horse-bone” rock. 

The Claiborne Ferruginous Sands (Smith) seem to become 
lignitic as we go west; for thirteen miles west of Bladon Springs, 
Choctaw County, the following section is exposed : 

Nurlace soil/and drift pebblesss= een se-> 42 eee ae 3 feet. 
1. Limestone somewhat argillaceous,—contains one or 

two hard ledges a foot or two thick—forms prairie 
Boils —nostossils)scen == ass =e = === == aaa 40 feet. 
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3. Greenish black sandy clay with pockets of sand con- 
taining MMonoceros vetustus Con., Crepidula lirata 
Con., Voluta Sayana Con., Turritella vetusta Lea, 
Turritella Mortoni Con., Cardita planicosta Lam., 
Rostellaria velata Con., Corbula Murchisonti Lea, 
Corbula Alabamiensis Lea, Cytherea globosa Lea, 

A careful examination of the fossils contained in the cabi- 
net of the University of Mississippi failed to bring to light 
any fossils of this stratum (Ferruginous Sands). Through the 
courtesy of Dr. Geo. Little I was shown the section made by 
him along the course of the Chickasawhay River and I found 
nothing that in the least resembled this stratum. There are 
however several specimens of leaf impressions in a red shale 
labeled ‘ Claiborne,” for the age of which Dr. Hilgard must 
have relied upon stratigraphical data. The only representative 
of the strata showing at Claiborne Bluff is the ‘‘ Ostrea sellee- 
formis bed” (No. 6* of Aldrich) which occurs at Enterprise, 
eight miles southwest of Enterprise on Suanlovey Creek, and 
eight miles southwest of Decatur, Newton County. 

In the railroad cut northeast of Enterprise occurs a light 
gray claystone having fucoidal impressions, just like the buhr- 
stone at Lisbon, Ala. There is another exposure of the Lisbon 
strata in a railroad cut twenty-five miles west of Meridian, as 
follows: 

DUNPACC ESO Neca rtars Noa e ha dh pail Sint cae Mee rec 2 feet. 
1. Light gray sandy clays,—fossiliferous ----.--------- 12 feet. 
2. Gray buhrstone with root-like impressions on upper 

SUI CVS) ed NL ae a Sap el MU aa Gg 6 feet. 

At Lisbon, Ala., a more careful examination has shown the 
‘““Scutella bed” (Smith) =/ of O. Meyer’s section,+ exposed 
140 feet above the river level, which confirms the connection 
between Lisbon and Claiborne.t 

These observations, it is hoped, will assist in establishing 
conclusively the relations of the Vicksburg, Jackson, and Clai- 
borne beds. 

Half a mile above the Upper Landing at Claiborne, Ala- 
bama, a rather interesting section is exposed in the road lead- 
ing to the ferry. The section given is not one of the whole 
bluff, but of a small promontory on the roadside, showing 
however the relative positions of the underlying and overlying 
Strata. 

* This Journal, vol. xxx, No. 178, page 302. 
+ This Journal, vol. xxx, No. 175, page 69. 
{ This Journal, vol. xxx, No. 118, page 303. 
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Srction on Ferry Roan, Crarporne, Aus., Wuite Limestone. 

1. Scutella bed (fof O. Meyer’s Claiborne Section) ___18 inches, 
2. Ferruginous sand,—somewhat more argillaceous than 

No. 4 and containing Aipponix pygmea Lea,* Hip- 
pagus tsocardiodes Lea,+ Nucula Brogniarti Lea, Ros- 
tellaria velata Con., Astarte sulcata Con., Dentalium 
thalloides Con., Corbula Murchisonii Lea, Lunulites 
Bouei Lea, Turbinolia pharetra Lea, T. Maclurii Lea, 
Flabellum Wailesii Con.,{ Crassatella protexta Con., 
Scutella sp. ?, Ostrea Mortoni Gabb, Pecten Deshaye- 
sti Lea, Verticordia Eocensis, sp. nov., Avicula Clai- 
bornensis Lea, Cytherea cequorea Con., Bulla galba 
Con., Bulla (Haminea) Aldrichii, sp. nov., Nucula 
ovula Lea, Venericardia parva Lea, Turritella lineata 
H. C. Lea, Turritella Mortoni var. Con., Solarium 
stalagmium Con., Erycina equorea-Con., Teredo sp., 
Pyramis sulcata Con., Obiliscus perexilis Con., Leda 
equalis Con., two species of Madrepora, Chiton sp. ? 
angthejelaw, Ola a Career ie #2) AE ays a one 3 feet. 

3. Gray laminated clays irregularly interstratified with 
yellow sands. In the lower portion of the stratum 
are leaf impressions, and a variable streak of lignite 
which in places attains a thickness of two inches_--_- 8 feet. 

4. Claiboine Mernuginoussands) 22222220) a e522 ees ae 4 feet. 
Indurated sandy ledge (1 of Aldrich). 

No. 3 of this section seems to be developed only at this 
point, as across a gully not more than a hundred yards down 
the river the clays lose both their laminated and lignitie char- 
acters and the whole stratum becomes a mottled gray and red 
argillaceous sand which is non-fossiliferous; the ferruginous 
sands become about six feet thick. An examination of four or 
five other localities where the ferruginous sands are exposed 
failed to show any association with lignitic clays. 

DESCRIPTIONS OF NEW SPECIES. 

Verticordia Hocensis nov. sp. 
Shell rotund, beak recurved, elevated and striate, substance 

of shell rather thick, lunule obscure, one prominent cardinal 
tooth, lateral teeth oblique, margin dentate and crenulated 
between dentations; nacre brilliantly pearly; muscular im- 
pressions two, profound ; pallial line obscure; closely ribbed ; 
ribs about 16, “crenulate, radiating regularly from the beak and 
shghtly recur ved. 

Length---- -25 Breadth) 33.) :25) Heights ai 06 

* This bed seems to be the natural horizon of these two fossils, for while they 
are very abundant here, they are seldom found in the ferruginous sands proper. 

+ Described from Jackson; has not yet been found in ferruginous sands but 
occurs occasionally in No. 1 of Aldrich’s section. 

+ This Journal, vol. xxx, No. 178, page 302. 
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This, I believe, is the first Verticordia described from the 
Hocene, there having been only three species known among 
living and fossil shells, two of these being Miocene. Differs 
from V. Emmons Con., in being rotund and having more ribs, 
and from V. cardiiformis Wood in having no striations between 
the ribs, in being more rotund, and showing no incurving of 
the ribs as they approach the ventral margin. 

Claiborne, Ala., and Jackson, Miss. 

Bulla (Haminea) Aldrichi, nov. sp.* 
Shell elongate oval, substance rather thin, punctate-striate, 

strize about 20, transverse; spire involute ; labrum sharp and 
slightly dentate; mouth longitudinal and rather larger at base 
than at top; columella very slightly thickened at the base. 

Heightee = eee 2 Breadth yas 3 “il 

Resembles B. glaphyra Desh., but differs in the strize which 
are in B. Aldrichi from the top to the bottom, while in B 
glaphyra Desh. they are confined to the upper and lower thirds 
of the shell. 

These two species will be figured in the forthcoming Report 
of the Geological Survey of Alabama. 

Art. XXI.—On the Area of Upper Silurian rocks near Cornwall 
Station, eastern-central Orange Co., N. Y.; by Newtson H. 
DARTON. 

In the course of a detailed examination of the formations 
other than Archzean in Orange Co., N. Y., the writer has made 
a careful study of the locality long known as the Townsend 
Tron Mine, and its vicinity, where, in a limited area, a small 
mass of Lower Helderberg limestone has been protected from 
the general denudation by a firm backing of coarse, strongly 
cemented sandstones; the whole forming a hill, passing a few 
meters west of Cornwall Station. Its more prominent geolog- 
ical features are shown on the accompanying map. 

The occurrence of this series of fossiliferous strata, so far dis- 
tant from the main mass of the formation to the north and 
west was first noted by Dr. Horton in the Report of the Nat- 
ural History Survey of New York for 1839. On page 151, in 
avery general description there is the statement—“‘ its apparent 
position is between the slate and grit-rock or Millstone grit of 
Prof. Haton.” The exact meaning of this is not entirely clear ; 
Prof. Haton’s “ Millstone grit” would in this instance be equiva- 

* Named in honor of my friend, Mr. T. H. Aldrich, of Cincinnati, Ohio. 

Am. Jour. Sci.—TuHIRD SERIES, VoL. XX XI, No. 183.—Manrcu, 1886. 
14 
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lent to the Oneida-Medina of the New York Survey, but the 
slate referred to may be that of Ordovician age immediately 
underlying, or of the slaty rocks of the various formations over- 
lying the Lower Helderberg. Dr. Horton, however, considered 

W.Y.L.EKW.R-R. 

“NEWSBURG SHURT COT”? 

Upper Silurian area near Cornwall Station, Orange Co., N. Y.: Scale one metre 
=/,;mm. Blocked area, limestone; finely blocked, shaly limestone; dotted, sand- — 
stones and conglomerates; black, Water-Lime rock; simply lined, shales. 

the slates of this district as the “Transition” argillite of Prof. 
Eaton, which is equivalent to the Primal slates of Prof. Rogers 
or the highest member of Dr. Hunt’s Taconian series, which 
would make it appear possible that he had considered these 
limestones to be Potsdam or Trenton. In continuation, Dr. 
Horton states that the characteristic fossil is an “ encrinite 
although many others occur.” ‘The associated grit rocks were 
considered Oneida-Medina, similar to others in the county. 

Prof. Mather in his final Report, p. 362, agrees in this last, but 
states (p. 851) that the limestones belong to the Catskill shaly 
division and contain Strophomena rugosa and SS. radiata in 
abundance. Dr. Horton’s statements are quoted in full. Again, 
on p. 490, the limestones are referred to, and the opinion of 
their southward extension considered untenable. On p. 618, 
the dip is stated. Several sections of the district are given by 
Mather, one on plate 5 (fig. 18) is stated to be very imperfect 
in a note on p. 687, and one on plate 45 (fig. 1) is offered in its 
place. Another section on a larger scale, and of the mine 
alone, forms fig. 14 on plate 5, but is very incomplete. 

In 1863, G. Dennison, in the Report of the New York Agri- 
cultural Society, notes the occurrence on the remarkable geo- 
logical map of Orange County accompanying his paper. He 
also repeats the section by Mather last noted. In 1868, the 
locality was shown on the useful map accompanying the Geology 
of New Jersey by Prof. G. H. Cook. In 1878, Dr. T. S. Hunt 
referred to the locality and quotes Mather and Horton.* : 

* Azoic Rocks, Report HE, 2d Geological Survey, Pa., p. 36. 
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In the Transactions of the Vassar Bros. Inst., vol. 11, 1883-4, 
p. 74, Professor W. B. Dwight reviews at considerable length 
fe observations of Horton and Mather and gives an account 
of a partial examination of the locality. He especially de- 
scribes the small quarry to which I shall soon refer, but the 
shaly limestone with its very varied fauna, and the fine €Xpo- . 
sures in the railroad cut, besides others of lesser interest, are not 
noted. He points out the succession of strata to be as fol- 
lows: Oneida-Medina sandstones forming the eastern side of 
the hill overlaid southward by red shales possibly of Clinton 
age, and in the quarry, by the Tentaculite division of the 
Water-Lime Group, the Lower Pentamerus and probably the 
Catskill shaly. The iron ore is stated to be entirely superficial 
and derived from the red shale and limestone at their contact. 

In 1885, J. C. Smock, in the Report of the Geological Sur- 
vey of New Jersey for 1884 (p. 35) refers to the occurrence in 
connection with the discussion of the Devonian age of the 
Green-Pond Mountain Series. Later in the same year, Darton 
reviews this last noted paper in the Scientific American Supt., 
1877, and reference is made to this area. > 

In these several accounts and references, but little more than 
a general statement of the prominent features are given and in 

-a more or less disconnected manner, with the exception of the 
notice by Prof. Dwight. That such an insular area would 
yield very interesting results, when examined in detail, ap- 
peared very probable to the writer, and the following observa- 
tion will, I trust, show that this opinion was well founded. 
The hill composed of the formations under discussion rises ab- 
ruptly from the meadows and drift plains on either side, to a 
height of about 35 meters. Its length is nearly a kilometer 
and a half and its greatest breadth 250 metres; the trend is 
N.N.E.-S.S.W. parallel to the strike of its rocks. The 
eastern face is steep, in places precipitous, and exhibits an 
almost continuous outcrop of coarse red sandstones or congiom- 
erates with occasional intercalated beds of red shale. Toward 
the southern termination, a mass of drift lies against the eastern 
side nearly to its crest, but conglomerate outcrops at a low 
level near the end. 

The cementing material of these rocks is generally very 
siliceous, the bedding heavy and irregular; the principal con- 
stituents are more or less finely comminuted massive quartz, 
no pebbles holding fossils were found on careful search. The 
thickness of the strata varies from 15 to 80 meters, decreasing 
northward, and in the railroad cut shown on the map, the 
following section is exposed, from east to west. 
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1. Sandstones, conglomerates and shales, interbedded _-20 meters. 
2. Arenaceous limestones thickly bedded and much 

fissured diagonally: 20s Ue eee eee ee Ya ke 
3. Less impure more thinly bedded limestones. Upper 

members holding Water-lime fossils. ___.___.___- Be 
4, Very fossiliferous, heavily bedded limestones hold- 

ing Pentamerus and Delthyris shaly fossils ______ Dimas 

These beds are very nearly vertical and strike N.N.E.; 
they graduate into each other almost imperceptibly ; and 2 and 
3 are considerably altered, holding in fissures and along bed- 
ding planes veins of quartz and iron oxides. In the upper 
members of 38, several remains of Leperditia alta were found. 
They were somewhat scattered and only fairly well preserved ; 
detailed search in this and the adjacent beds failed to discover 
more. In a bed a few decimeters above, a mass of Favosites 
Helderbergia H. was found, and near by a Zaphrentis Romeri H., 
in avery poor state of preservation, but 40 mm. long by 80 in 
diameter. 

In beds 4 the following species and individuals were found. 

* A stylospongia inornata H., many specimens; Fenestella, two 
forms; * Chetetes Helderbergia H.,1 specimen; *Favosites Helder- 
bergia H. and other Favosites sp.?; Cladopora sp. ?; *Zaphrentis 
Rémeri H., 2; *Streptelasma stricta H. 15 mm. long, 3; Fistuli- 
pora sp.?; Crinoidal remains; Orthis oblata H., 3; * Orthis per- 
elegans H., 4; Streptorhynchus Woolworthana H., 2; *Stropho- 
mena rhomboidalis Wahl., 23 ; *Spirifer cyclopterus H., 9; *Spiri- 
ferina perlamellosus H., 13; Cyrtina Dalmani H., 1; *Nucleospira 
ventricosa H.,1; Rhynchonella pyramidata H.,2; Rk. formosa 
H.; *R#. transversa H., 1; Meristella sp.?; “Atrypa reticularis 
Linn., 84; * Pentamerus galeatus Dal., 176; *Platyceras Gebhardi 
H.,1; P. platystomum H.,1. The names asterisked are of species 
occurring as complete individuals or impressions ; and the others, 
of those found only in fragmentary valves, casts or impressions. 

Although occurring at every point here, the Pentamerus 
galeatus is especially abundant in the more western bed exposed, 
where its water-worn valves literally fill some of the layers. 

In their continuation southward, these strata are obscured by 
the drift which reaches quite to the summit on this part of the 
west side of the hill, But ina small quarry a few dozen meters 
south of the cross road, a fine exposure is found (at 5 on the 
map). The Water Lime rocks are exposed for a thickness of 
about a meter and the sandstone outcrops a few meters to the 
east. On one of the limestone layers remains of Leperditia alta* 
occur in abundance associated with fragments of Spirifera 
Vanuxemi H.,* and indeterminable corals and crinoids; immedi- 
ately overlying are beds holding the following remains : 

* Also noted by Dwight. 
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Bryozoans, many ; Havosites Helderbergia H.;* Corals and Cri- 
noids; Streptorhynchus Woolworthana, H.;* (5) Strophodonta 
variastrata Con.; Spiriferina perlamellosus H.;* Atrypa reticula- 
ris Linn. ;* Pentamerus galeatus Dal.;* Orthoceras sp. ?+ 

These beds dip N. 65° W. > 85 and a thickness of about 
four meters is exposed here. 

Beginning at the cross-road and extending .northward for 
several hundred meters, overlying beds are seen in the steep 
hill-side, and at 6 on the map the following remains were 
found. 

Bryozoans, many; Streptelasma stricta H. (25™™ in length) ; 
Orthis oblaia H., three casts; Streptorhynchus Woolworthana,* 
H., two valves; Strophomena rhomboidalis Wahl.,* fragments; 
Spiriferina perlamellosus* H., four valves; Meristella levis Con., 
one impression; MM. arcuata, H., one cast. 

Northward, these beds run under the drift ; but southward they 
appear to be continued as thinly bedded, soft, shaly limestones, 
of light color, and superficially intercalating with beds of iron 
oxides which extend with them to the southern termination of 
the hill forming its western border. They are exposed only 
in the several open cuts from which tie iron ores have been 
worked. In cuts number 3 and 4, the ore is entirely in 
this limestone; but in 2 and 1, the ore hes along the line of 
contact with a series of brown shales, a few meters in thick- 
ness which are separated by a considerable mass of bright red 
shales from the sandstones and conglomerates of the eastern 
side of the hill. These relations are shown in detail upon the 
map. The shaly beds yielded but one fossil after very thorough 
examination, and this was a section of a Crinoid stem showing 
no generic characters. 
A notable feature of these beds, and of those of the shaly 

limestone, is an anticlinal fold along their extreme western bor- 
der; the steep southeast dip abruptly changing to a gentle one 
in the opposite direction. The fold is first noticed in the en- 
trance to cut 5, but it is finely exhibited in cuts 2 and 1 (see 
section on map), where the change is very abrupt and the shaly 
limestone but little disturbed; the brown shales in the east 
wall of both cuts show great ‘disturbance. This fold appears 
to be a local crumple; it will again be referred to in a sub- 
sequent paper on the structure of the entire district. 

The shaly limestone may extend out under the meadows on 
this side of the hill; t@e thickness in sight is about ten meters, 
including the ore beds. Wherever exposed, these strata con- 
tain characteristic Delthyris-shaly fossils; but in cut 2, on the 
western side of the fold, the finest specimens have been 

* Also noted by Dwight. 
+ Dwight found a specimen recognizable as O. longicemeratum H. 
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found, and in the greatest abundance. They all consist of 
casts or impressions and are preserved to perfection in a soft 
white or buff matrix of very fine grain and uniform texture. 
Their abundance is wonderful, and nearly all the individuals 
noted in the following table were found in half a cubic meter 
of shale. (Hxcavation is now necessary to expose this bed.) 

It was considered desirable to ascertain the relative propor- 
tions of each of the species represented, and a count was kept 
until 500 individuals had been recognized, with the results 
given in the first column after the name; those noted in the 
second column were obtained at other times. 

Proportion in Number of ad- 
ditional speci- 

Individuals. |mens eollected. 
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Soy EMD IS Cin ai) © OM TCE Ma ea toe eset re se TD yes ae é 
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VBS |) By, Odetoukss sanbhnnaetey Joe Le ek 4 1 
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115). |2siStrophodonta; variastriatal Con a= s. e220 ae ee 1 
16 | 1. Strophodonta variastriata, var. arata H. ._- 1 1 
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22 | 2. Strophomena rhomboidalis Wahl...-..--. 83 ifc 0 S| Shee 
238 2a DILiLern Cy ClopterUsy ites oy eee serene 4.5/2. See 
2403. (Spiniiermacroplenurus) }Consos 2 Sees ee OTS 0. | Spee ee 
Wi | ey yeni ama Jee eco kee eee ee ee eS 1 
DAS) | By SOWETO Pd EO ee ee eee eh eek otee 2 
27 | 3. Spiriferina perlamellosus H.__..-....__-- 20.2% |e ee 
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31 | 2. Rhynchonella formosa H.______- Sees dea Bite ee ee 
32 ; 3. Hatonia medialis Vanuxem.....--.------- 10 2 
SS ull 2H Coe LOS pica yGOm Ceavied ee Az se yee pa ee ee ee 4 
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38 | 3. Platyceras platystomum J, et al. sp.?__-_- 342 2 
B39" Bl Meperditian sees Sik ayes Ee ea 4) Ye ae ea 22 

1. Represented by fragmentary valves, casts or impressions, etc. 2. Repre- 
sented by complete valves, casts impressions, etc. 3. Worthy of special men- 
tion in notes following. * Including F. althea #, F. arta H. . 
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While the greater number of these species are characteristic 
of the formation at other localities, several are new to the for- 
mation, others entirely new species, and some present other re- 
markable features worthy of description ; such will now receive 
notice. 

4, Cladopora seriata H. A fragment of this Niagara species 
was recognized. 

9. Pholidops. Represented by many casts and impressions, 
probably of two species, differing in several respects from the 
forms now known. They have been sent to Professor Hall for 
description. 

10. Orthis oblata H. Casts and impressions of this species 
were very abundant, often finely preserved ; considerable variety 
of form is presented and every stage of growth. 

13. O..multistriata H. Four ventral casts were found prob- 
ably of this species; two were of very young individuals, the 
others finely developed. They differ from those figured and de- 
scribed in Pal. of N. Y., vol. in, by the entire absence of a sinus in 
their fronts which present a slight undefined elevation. The 
beaks are enormous, one cast 4030™™ has an obtuse beak 
17°7 in height and 9™™ wide at its base, which is distant 12™™ 
from the front; it is deeply lobed and slightiy incurved. The 
other cast is 33 X25™™, the very obtuse beak 13™™ in height and 
12™™ wide at its base which is distant 12™™ from the front. 

24, Spirifer macropleurus Con. Every stage of growth and 
variety of form is presented in the abundant casts of this 
species ; nearly four-fifths of these were of ventral valves. Some 
individuals were very large, casts 70X60™" are common. I 
found one 90™™ wide and 40™" long, but it is somewhat dis- 
torted. Many magnificent specimens were observed. 

25. S. arrectus H. This Oriskany species was represented by 
a ventral cast found in the eastern side of the anticlinal and there 
associated with many of the above noted species. 

28. 8. pyxidatus H. Another Oriskany species, of which a 
dorsal cast and ventral impression were found. 

27. Spiriferina perlamellosus H. Very abundantly repre- 
sented by casts and impressions often of very large size. 

32. Katonia medialis Vanux. Several very complete casts 
of individuals of large size were found, one 40x 32™™. 

36. Meristella (arcuata?) H. This species is comparatively 
abundantly represented by ventral casts presenting considerable 
variety of form and generally very transverse ; one found is 50™™ 
wide and 35™™ long. The beaks are greatly incurved. 

38. Platyceras platystomum H. Several varieties of this form 
ase found, one very similar to fig. 1, plate 61, of vol. iii, Pal. of 

aos 
39. Leperditia. A small species differing from any now 

known and represented by numerous casts and impressions about 
2°5™™ 1:57". They have been sent to Professor Hall for de- 
scription. 
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While many other species presented minor features of inter- 
est, their description would enlarge this paper beyond its scope. 
Briefly stated, in conclusion, in this overturned series the sand- 
stones, conglomerates and shales are undoubtedly of older age 
than the limestones, but I am not inclitied to assign them to 
any definite formation, out of consideration of their isolation. 
They may be more or less nearly equivalent to the Medina 
beds as exhibited in the Shawangunk Mts. The limestones 
immediately overlying, are without doubt equivalent to the 
Water-lime division, and these are in turn overlaid by lime- 
stones carrying a mixed Pentamerus and Delthyris-shaly fauna, 
the uppermost members of which in their southern extension 
are superficially decomposed and impregnated with iron ores, 
and they contain an abundant fauna, including some species of 
lower divisions, together with some formerly restricted to 
higher horizons. 

The relations of these formations to others in the district 
will be discussed in a subsequent paper. 

Finally the writer wishes to acknowlege his great indebted- 
ness to Professor R. P. Whitfield for his kindly aid and advice, 
without his assistance many of the more obscure species would 
not have been recognized. ‘T’o Professor Hall I am likewise 
indebted for aid in the determination of obscure forms and for 
other favors. 

To my aids, Messrs. F. Marshall Smith and Wolcott Foster, 
I am also under obligations. 

Washington, D. C. 

SCIENTIFIC INTELLIGENCE. 

I. PHysics AND CHEMISTRY. 

1. On the Dilatancy of Media composed of rigid particles 
in contact.— Notwithstanding the many hypotheses of matter, it 
does not appear that any attempts have been made to investigate 
the dynamical properties of a medium consisting of smooth hard 
particles held in contact by forces transmitted through the me- 
dium. OsspornE Reyno.ps has pointed out the existence of a 
singular fundamental property of such granular media, which is 
not possessed by known fluids or solids. To this unique property 
of granular masses he gives the name “ dilatancy” because the 
property consists in a definite change of bulk consequent on a 
definite change of shape or distortional strain; any disturbance 
whatever causing a change of volume and generally dilation. In 
the case of fluids, volume and shape are perfectly independent. 
But with granular media, the grains being sensibly hard the case 
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is entirely different. So long as the grains are held in mutual 
equilibrium by stresses transmitted through the mass, every 
change of relative position of the grains is attended by a conse- 
quent change of volume; and if in any way the volume is fixed, 
then all change of shape is prevented. Thus a group of equal 
spheres being so arranged that if the external spheres are fixed, 
the internal ones cannot move, any distortion of the boundaries 
will cause an alteration in the mean density depending on the dis- 
tortion and the arrangement of the spheres. Ifa canvas bag con- 
tain hard grains or balls, so long as the bag is not nearly full it 
will change its shape as it is moved about ; but when it is approx- 
imately full a small change of shape causes it to become perfectly 
hard. If instead of a canvas bag, an extremely flexible bag of 
india rubber be filled with heavy spheres (No. 6 shot), the envel- 
ope imposes no sensible restraint on their distortion; so that when 
standing on the table it takes nearly the form of a heap of shot. 
But if the interstices between the shot be filled with water so that 
the bag is quite full of water and shot, no bubble of air being con- 
tained in it, and the mouth be carefully closed it will be found that 
the bag has become absolutely rigid in whatever form it happened 
to be when closed. Since neither the envelope nor the water im- 
poses any distortional constraint on the shot, what itis which con- 
verts the heap of loose shot into an absolutely rigid body? Clearly 
the limit which is imposed on the volume by the pressure of the at- 
mosphere. So long as the arrangement of the shot is such that 
there is enough water to fill the interstices, the shot are free; 
but any arrangement which requires more room is absolutely 
prevented by the pressure of the atmosphere. The existence of 
dilatancy in sand explains the well marked phenomenon observed 
in walking on a wet beach. As the foot falls on the sand, it 
whitens or appears momentarily to dry around the foot. When 
this happens the sand is full of water, the surface of which is kept 
up to that of the sand by capillary attraction. The pressure of the 
foot causes dilation of the sand and more water is required which 
has to be obtained either by depressing the level of the surface 
against the capillary attraction or by drawing water through the 
interstices of the surrounding sand. The latter requires time to 
accomplish ; so that. for a time the capillary forces are overcome, 
the surface of the water is lowered below that of the sand, leaving 
the latter dryer until a sufficient supply has been obtained from 
below. On raising the foot it is generally seen that the sand 
under the foot and immediately around it is wet; because the dis- 
torting forces being removed the sand again contracts and the 
excess of water finds momentary relief at the surface. In the 
opinion of the author the recognition of this principle of dilatancy 
places a hitherto unrecognised mechanical contrivance at the com- 
mand of those who would explain the fundamental arrangement 
of the universe, and one which seems to promise great things. 
For example, hitherto no medium has ever been suggested which 
would cause a statical force of attraction between two bodies at a 
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distance. Such attraction would be caused by granular media in 
virtue of this dilatancy and stress. More than this, when two 
bodies in a granular medium under stress are near together the 
effect of dilatancy is to cause forces between the bodies in very 
striking accordance with those necessary to explain coherence of 
matter. So far as the integrations have been carried, it appears 
with a certain arrangement of large and small grains that the 
forces between the bodies would be proportional to the product 
of the volumes divided by the square of the distance; i. e., that 
the state of stress of the medium may be the same as Maxwell 
has shown must exist in the ether to account for gravity.— Phil. 
Mag., V, xx, 469, Dec., 1885. G. F. B. 

2. On the use of the Induction Spark in Spectrum work.—In 
noticing Lagarde’s research on the hydrogen spectrum, HE. W1EnDE- 
MANN has criticised the results obtained, since the induction spark 
was used as a source of electricity. Hence the numerical values 
given in his paper have no exact significance and furnish only a 
general idea of the phenomena. It 1s a well known fact that the 
discharge of an induction coil is a complex phenomenon, the pri- 
mary discharge being followed by a series of partial discharges 
with decreasing intensity. Hence if the induction spark be used 
to produce spectra, the intensity and character of these spectra 
change with each partial discharge, one of these discharges pro- 
ducing perhaps a line spectrum while another gives rise to a band 
spectrum. But the effect upon the eye is even more complex. It 
is not the sum of the impressions which is observed, since the dimi- 
nution of visual sensitiveness with time is felt in a very different 
manner when the discharges are of different intensities. It is true 
that the Holtz machine is not so ready a means of supplying the 
spark as the induction coil. But that difficulty is more than coun- 
terbalanced by the accuracy of the results obtained with it. To 
prove that in Lagarde’s method there were partial discharges to a 
marked degree added to the principal one, the author constructed 
a tube of the same dimensions as that used by him, and examined 
the character of the induction spark within it by means of a revolv- 
ing mirror. In place of seeing a single line, a long luminous band 
was visible corresponding to a great number of partial discharges. 
—Ann. Chim. Phys., V1, vii, 143, Jan., 1886. G. F. B. 

3. On the Vapor-pressures of Mercury.—The great importance 
of an accurate determination of the pressures of mercury vapor 
at different temperatures, and the fact that the values given by 
Regnault and hitherto relied upon, are regarded by him as only 
approximations, has led Ramsay and Youne to experiment in 
this direction with an improved apparatus. It consisted of a 
U-tube connected with a manometer and enclosed in a jacket 
containing the substance whose boiling point gave the tempera- 
ture. The U-tube was filled with mercury and boiled to expel 
air. On heating it and diminishing the pressure by means of 
a pump, vapor was evolved from the mercury depressing the 
level on one side and raising it on the other. From the differ- 
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ences of level in this tube and in a manometer gauge connected 
with it, the vapor pressure was calculated. The temperatures 
chosen were the boiling point of methyl salicylate under atmos- 
pheric pressure; of bromonaphthalene under a pressure of 
612°8""; of the same under a pressure of 756:°2™™s; of mercury 
and of sulphur. The temperatures corresponding were 222°15°, 
270°35°, 280°6°, 358°47° and 448°. The vapor pressures observed 
were 34:4, 124°35, 157°15, 767°43, 2904:°5 millimeters. The 
authors having shown that if a diagram be constructed in which 
the ratios at the same pressure between the heats of vaporization 
of two liquids at various pressures the same for both, form the 
abscissas, and the absolute temperatures of one of the two liquids 
corresponding to these vapor pressures, form the ordinates, then 
the points representing the relations between these ratios and 
the absolute temperatures will lie in a straight line—constructed 

. the curve from the above data, combined with the absolute tem- 
perature of water required to give the above vapor pressures, and 
found it to be a straight line. By its means, other desired values 
were interpolated and a complete table of vapor pressures 
obtained for mercury and water between 135° and 520°. A 
second table is also given, in which the vapor-pressures are calcu- 
lated for each degree centigrade; enabling the temperature of 
mercury vapor when used in a jacket, to be ascertained from the 
observed pressure.—J. Chem. Soc., xlix, 37, Jan., 1886. G. ¥F. B. 

4. On the limits of the conversion of Sodium carbonate into 
Sodium hydrate by means of Lime.—Lunee and Scumip have 
investigated the conditions of concentration, temperature and 
pressure under which the maximum conversion of sodium car- 
bonate is effected by means of caustic lime. Solutions of pure 
sodium carbonate of different degrees of concentration were 
heated to boiling for an hour in an iron vessel with an excess of 
lime, at the ordinary atmospheric pressure. Other similar solu- 
tions were similarly treated in copper tubes for the same time, 
continual agitation being secured by means of a stone placed 
inside. After the operation the solutions were analyzed; the 
total aikalimetric titer being effected with methyl orange as an 
eee and the sodium hydrate determined by Winkler’s 
method (addition of barium chloride and phenol-phthalein and 
titering with oxalic acid till the color disappears). As a result, 
it appears that at ordinary pressures, for solutions containing 2, 
5, 10, 12, 14, 16 and 20 per cent of carbonate, 99:4, 99:1, 97:3, 
96°5, 95-0, 93°8, and 90°9 per cent respectively of the sodium had 
been converted into hydrate by this treatment. At high pres- 
sures, and at temperatures varying from 148° to 153°, for solu- 
tions of 10, 12,14, 16 and 20 per cent of carbonate, 97°3, 96 6, 
96°1, 95°1 and 91°6 per cent of the sodium was in the condition of 
hydrate. These figures show that there is no special advantage 
in heating under high pressure ; a fact confirmed on the large 
scale by Jurisch who heated a mixture of specific gravity 1°157 
to 1:177 for six hours under a pressure of three atmospheres and 
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obtained from 90°6 to 91°9 per cent of the sodium in the form of 
hydrate.— Ber. Berl. Chem. Ges., xviii, 3286, Jan., 1886. G. F. B. 

5. On the Phenol constituents of Blast Fun nace tar.—A pre- 
liminary examination of a coal tar obtained from the Gartsherrie 
iron furnaces in which Scotch coals of low grades are used, 
showed that the oils of higher boiling point. contained more 
compounds absorbable by acids and less phenol constituents 
absorbable by soda, than the oils boiling below them. Watson 
Smirn, aided by Messrs. Courrs and Broriers have examined 
these lichter oils in order to ascertain the proportion of phenol- 
constituents, by treating them with soda solutions of progress- 
ively increasing density, decanting and liberating the phenols by 
an acid. In this way 23°1 per cent of these “substances were 
obtained from the oils. With regard to the basic constituents 
1160 ¢.c. of the tar oils were shaken for a day with 840c.e. dilute 
sulphuric acid of about 1:2 sp. gr. After 12 hours the acid was 
removed, neutralized with soda and salt added, and the whole 
allowed to stand in a graduated jar. The volume of basic bodies 
was read off and they were then dissolved in ether, the ether 
decanted and evaporated. In this way 150c¢.c. crude bases or 
11°09 per cent were obtained. This richness in phenols is excep- 
tional, and far exceeds the yield of ordinary coal tar. The crude 
phenols were fractionated and it appeared that only 5°63 per cent 
distilled over between 180° and 210°, while 30 per cent passed 
over between 210° and 240°, and 18 per cent between 260° and 
300°. The fractionings were repeated and the products classified 
as A, boiling below "230°; B, between 230° and 300°; and OC, 
above 300°, On examination of A, the product boiling between 
180° and 185° was phenol and readily solidified in a freezing 
mixture, melting again at 3°. With it boiling between 180° and 
200° were cresols. The portion passing over between 210° and 
225° was distilled over hot zinc dust and gave a mixture of 
xylenes with a little toluene; showing that the original material 
was xylenol, mixed with some cresol. Group B when similarly 
treated yielded trimethylbenzene, showing the original phenol to 
have been pseudocumenol; and naphthalene derived from naph- 
thol present. Group C yielded naphthalene on distillation over 
zine dust and a yellowish mass of the consistence of butter which 
is reserved for further examination.—J. Chem. Soc., xlix, 17, 
Jan., 1886. G. F. B. 

6. On the presence of Raffinose in Barley.—O’Suuivan has 
submitted to examination some crystals obtained several years 
ago from barley and at that time labeled “sucrose from barley.” 
Under the microscope they were elongated flattened prisms ter- 
minated by a dome parallel to the shorter axis, the crystals radi- 
ating from a center. Optically, one specimen gave [a];=125° 
and another [@];=114°. On solution, filtration, and the addition 
of alcohol, the liquid was filled with radiating groups of beautiful 
silky er ystals, well defined rhombic prisms, having a brachydome. 
On recrystallization the crystals gave [a]j;=134°—135°, and their 
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analysis corresponded to the formula C,H,,O, for the anhydrous 
body. Calculated with the water lost on ‘drying in a vacuum 
over sulphuric acid, the complete formula is C,H,,O,(H,O), or 
Ce EEO (HO), if doubled. These results leave no doubt that 
this sugar is raffinose and therefore establish the presence of this 
sugar in barley.—J. Chem. Soc., xlix, 70, Jan., 1866. G. F. B. 

7. Elements of Inorganic Chemistry ys by James H, Supparn. 
377 pp. 8vo. Boston, 1885, (D. C. Heath and Co.)—This little 
book is simple in method and style and aims to instruct the stu- 
dent by leading him to verify the chemical principles by actual ex- 
periment ; faithfully carried out with a judicious teacher it ought 
to produce good results. 

8. Chemical Problems, by Dr. Kart StamMER; translated from 
the second German edition with explanations and. answers, by W. 
S. Hoskinson. 111 pp. 8vo. Philadelphia, 1885 (P. Blackiston, 
Son & Co.)—The teacher who finds his ingenuity taxed to pro- 
vide numerical problems for his class in chemistry will find assist- 
ance in this collection. The problems are simple and are arranged 
under the successive elements, twenty-seven of these being se- 
lected; the variety is not very RO and might perhaps ‘have 
been advantageously increased. 

Il. GroLtogy AND MINERALOGY. 

1. Bottom deposits from dredgings under the supervision of 
ALEXANDER Agassiz; by the Coast Survey Steamer Blake, Lieut.- 
Commander ©. D. Siasper, U.S. N., and Commander J. R. Bart- 
Lterr, U. 8. N. , commanding. Report on the specimens, by JoHn 
Murray. Bull. Mus. Comp. Zool., vol. xii, No. 2, Oct., 1885.— 
The following are some of the facts from this important paper. 
To the results from the dredging of the “ Blake,” Mr. Murray, of 
the Challenger Expedition, has added others by way of com- 
arison from those of the “Challenger.” 
(1.) Gulf of Maine, and Atlantic border, southward to Cape 

Hatteras.—The bottom deposits from the region between the 
coast and the inner edge of the Gulf Stream, where the greatest 
depths found were 1394 and 1186 fathoms (8364 and 7116 feet), are 
chiefly continental debris, 80 to 85 per cent consisting of mineral 
particles and clay——the former, quartz, feldspars, magnetite, horn- 
blende, augite, mica, tourmaline, with occasional glauconitic 
grains. In latitude 38° 34’ N., the “Challenger” dredged up, in 
1240 fathoms (7440 feet), pebbles of quartz, common and felds- 
pathic quartzytes, mica schist, serpentine and compact limestone, 
none above 6 or 7 cm. in diameter. In 39° 43’ N., the “ Blake” 
brought up similar pebbles, but much larger and some of them 
glaciated ; and in 41° 14’ N., the depth 1340 fathoms (8040 feet), 
the “Challenger” dredged similar rock fragments, with one block of 
syenite weighing five hundred pounds. The region is within the 
influence of the Labrador current and the material is “regarded 
as chiefly ice-borne.” 
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Only a small proportion of the material is of organic origin. 
“«The siliceous remains of Diatoms, Radiolarians and Sponges, 

together with arenaceous Foraminifera and glauconitic casts of 
Foraminifera, make up sometimes 4 or 5 per cent. of the deposit. 
In 41° 13’ 53” N, and 65° 57’ 25" W., the depth 810 fathoms (4860 
feet), there were 5°08 per cent of calcareous material consisting 
of Coccoliths, Coccospheres, fragments of Echinoderms (these 
including a few pinnules of Crinoids), and a dozen Foramin- 
ifera of which the Pelagic kinds included Globigerina bulloides, 
G. inflata, G. Dutertrei, Puivinulina Menardii, P. Micheliniana - 
and P. Canariensis, and the Bottom-living species were Haplo- 
phragmium Canariensis, Textularia 2? Bulimina marginata 
Uvigerina pygmea, Truncatulina lobata, ula and Pulvinulina ele- 
gans. The rest of the bottom material was a mud of mineral char- 
acter, partly argillaceous, containing Diatoms, Radiolarians, and 
spicules of sponges. In another dredging in 41° 34’ 45” N. and 
65° 35’ 30’’ W., the depth 1242 fathoms (7452 feet), the calcare- 
ous portion was 7°25 per cent of the whole. Nearer the coast, 
in 466 fathoms (2796 feet), 39° 50’ 45” N., 70° 11’ W., the gray 
mud was similar to the last and contained 3°46 of calcareous ma- 
terial. Again at a greater depth, 1394 fathoms (8364 feet), the 
gray mud was plastic and contained 16°81 per cent of calcareous 
material; 40 per cent of mineral grains, that is as above stated of 
quartz, feldspars, mica, hornblende, magnetite, olivine, glauconite, 
glassy fragments; 5 per cent of Diatoms, Radiolarians and Sponge 
spicules, and 38°19 per cent of argillaceous nature with fragments 
of siliceous organisms. 

(2.) Between Cape. Hatteras and Lat. 31° 48' N.—The materials 
brought up from depths under 1000 fathoms (with two excep- 
tions) were green muds or sands, and were situated beneath the 
Gulf Stream or along its inner margin. ‘The mineral particles in 
the mud are like those north of Cape Hatteras, but finer (seldom 
exceeding 0-4mm. in diameter) and evidently have not been 
transported by ice; they consist of quartz, feldspar, augite, horn- 
blende, magnetite and a few fragments of glassy rocks. There is 
frequently an abundance of glauconitic grains and also grains of 
manganese peroxide. 50 per cent or more of the deposit is 
usually calcareous, consisting of dead shells of pelagic Foramin- 
ifera and Mollusks, fragments of Echinoderms, Bryozoa and Coce- 
coliths. All the tropical species of pelagic Foraminifera occur 
here while rare north of Hatteras; 10 or 12 p.c. consist of 
siliceous organisms, as Diatoms, Radiolarians, Sponge-spicules 
and glauconitic casts of Foraminifera, ete. The finer washings 
are greenish owing to some material not yet investigated, like 
those obtained by the “ Challenger” from similar depths on the 
coasts of Africa, Australia, Japan and China. Many of the de- 
posits might be called Globigerina oozes. Besides these materials 
there are concretions of calcium and manganese phosphate every- 
where; and one such from a depth of 333 fathoms, in 31° 57’ N. 
and 78° 18’ 35” W., from over a hardish bottom, was nine inches 
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in its longer diameter and mottled with black, red and brown 
colors. It was overgrown with sponges, corals and annelids. 
Imbedded in the concretion were two Sharks’ teeth resembling 
those of Lamna, the largest 24 in. long and 1 in. across the base. 
Mr. Murray says that “this tooth is similar to many found by 
the “ Challenger” in great numbers in the greater depths of the 
central Pacific, frequently forming the centers of manganese 
nodules ;” but while those of the Pacific always had the interior 
removed, the vaso-dentine of these teeth was well-preserved, as 
in the fossil specimens of South Carolina and Malta. This con- 
cretion has a brecciated character; the fragments were cemented 
by calcium carbonate and manganese oxide, the latter every- 
where penetrating the mass; and in the mass were remains of 
pelagic and other calcareous Foraminifera, of Pteropods, and 
fragments of Echinoderms, with many small, rounded glauconite- 
like phosphatic grains. Very similar masses were dredged by 
the “ Challenger,” especially off the Cape of Good Hope but also 
elsewhere. Phosphatic nodules were found in depths less than 
1500 fathoms, but not in deeper deposits far removed from land. 
The above concretion, analyzed by M. Klement, afforded Phos- 
phoric acid 23°53, carbon dioxide 15°56, sulphur trioxide 2:29, 
fluorine 2°28, chlorine 0°16, lime 52°15, magnesia 1:01, loss on 
ignition 3°15, insoluble residue 0°52=100°65. 
Ata depth of 457 fath. (2742 ft.) in 33° 19’ N., 76° 12’ 30” W. 

(bottom temperature 40° F.) a greenish coherent mud was ob- 
tained, 59°43 p. c. of which were calcareous; of the mud, 20 p. e. 
were mineral grains, quartz, hornblende, feldspars, glauconite and 
glassy fragments; 5 p. c. were siliceous organisms, Diatoms, 
Radiolarians, Sponge-spicules; and 15°57 were argillaceous mate- 
rial, with Diatoms, Sponge-spicules and fine mineral particles. 

The calcareous Foraminifera included (those that were common 
are marked with an asterisk) (a.) Pelagic : * Globigerina (Orbu- 
lina) universa, * G. bulloides, G. conglobata, *G. bulloides var. 
triloba, G. equilateralis, G. sacculifera, * G. dubia, * @. rubra, 
* Cadeina nitida, Spheroidina dehiscens, *Pullina obliquiloculata, 
*Pulvinulina Menardii, *id. var. tumida, *id. var. fimbriata, P. 
Micheliniana, P. Canariensis ; (b.) Bottom-living species: Bilo- 
culina ringens, Miliolina seminulum, Bulimina marginata Poly- 
morphina ?, Uvigerina pygmea, *Spheroidina bulloides, 
Pullinia spheroides, Truncatulina lobatula, T. ?, Nontonina 
umbiliculata, Nodosaria communis, NV. levigata. 

(3.) Off the shores of the Greater and Lesser Antilles.—The 
dredgings were rather near the coasts and at various depths to 
over 2000 fathoms, but mostly under 1000. The mineral particles 
were chiefly from volcanic rocks; a few only were from other 
rocks of the species quartz, tourmaline, mica, epidote; glauconite 
and phosphate grains were rare. The percentage of calcareous 
material was high, frequently 70 or 80 p. ¢. (in one case, 90-24 
p. c.) except where the shores were of volcanic rocks without 
reefs, and here they were volcanic muds. For the most part they 
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should be termed Pteropod and Globigerina oozes, though differ- 
ing from these oozes of the open ocean in the size and nature of 
the mineral particles. 

The siliceous organisms never make up more than 4 or 5 
per cent of the whole, and consist of Radiolarians and Sponge- 
spicules with a few Diatoms. Off the Barbadoes in 221 fathoms 
was obtained a calcareous concretion two inches in diameter; it 
was formed about shells of Foraminifera, etc., each acting as a 
separate center. Off Northern San Domingo, in 772 fathoms 
(4632 ft.) small manganese nodules (the largest 2 in. in diameter) 
were obtained, the interior of which consisted of cemented pelagic 
Foraminifera ; they resembled nodules dredged by the “ Challen- 
ger” in 1525 fathoms near the Cape Verdes. 

In the Old Bahama Channel, at a depth of 488 fathoms 
(2628 ft.), the bottom was a Pteropod ooze or white coral mud; 
87°06 per cent. were calcareous, consisting of shells of Gastero- 
pods, Lamellibranchs, Pteropods and Heteropods, Ostracoids, 
calcareous Alge, Bryozoans, fragments of Echinoderms, Alcyo- 
nium spicules, coccoliths, Rhabdoliths, and about thirty species 
of Foraminifera. Three per cent were siliceous organisms, 6°94 
per cent argillaceous, 12°94 mineral grains. 

West of Navassa Bank, at a depth of 1050 fathoms (6300 ft.), 
the bottom (temp. 393° F'.) was a Globegerina ooze, 62°38 per 
cent being calcareous, and mostly made up of Foraminifera, with 
shells of Lamellibranchs, Pteropods, Heteropods, Coccoliths and 
Rhabdoliths, four per cent consisted of siliceous organisms. 

Off Porto Rico, in 874 fathoms, (5244 ft.), the bottom was a 
coral or Pteropod ooze, 70°66 per cent being calcareous, and 
seven per cent of siliceous organisms. No coral fragments are 
mentioned as having been found. 

Off Santa Cruz, depth 2375 fathoms (14,250 ft.), the bottom 
was a Globigerina ooze, 63°54 per cent being calcareous; 11°46 
argillaceous; mineral grains (including fragments of mica schists 
3 to 5™™ in diameter, feldspars, quartz, mica, hornblende, magne- 
tite) ; and five per cent siliceous spicules of sponges. 

Off Dominica, depth 1131 fathoms (6786 ft.), the deposit was 
a voleanic mud, with 13°78 per cent calcareous material and con- 
sisting of Pteropods, Echinoderm fragments, Coccoliths and Fora- 
minifera. Off Martinique, in 1224 fathoms (7344 ft.), the bottom 
was a voleanic mud, of which 13°41 were calcareous and included 
Otoliths of fishes, Pteropods, fragments of Echinoderms, Cocco- 
liths and Foraminifera (20 species), and three per cent siliceous 
organisms. Off Grenadines, in 163 fathoms (998 ft.), a yellowish 
brown Pteropod ooze was dredged, with 76°20 percent calcareous 
and containing 30 species of Foraminifera, Off Barbadoes, in 218 
fathoms (1308 ft.), the bottom (temperature 525° F.) was a Ptero- 
pod ooze or Foraminiferal sand, 38°09 per cent calcareous, and 
25 per cent siliceous (many Sponge spicules with a few Diatoms 
and one or two Radiolarians, and glauconite). 

(4.) Gulf of Mexico and Florida Straits——Under 100 fathoms, 

ao 
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the deposits vary with the kinds of coasts; and beyond 100 fath- 
oms, they are still determined largely by the greater or less prox- 
imity to “he embouchures of rivers or to coral reefs. Throughout 
the region the mineral particles (not calcareous) seldom exceed 
0-1™" in size and they appear to be wholly derived from the 
rivers of the continent. The calcareous portion consists mostl 
of pelagic Foraminifera and shells of Mollusca. In depths be- 
yond 2000 fathoms, Pteropod and Heteropod shells appear to be 
nearly if not quite ‘absent, the calcareous material being Forami- 
niferal; but in less depths they are common; and between the 
200 and 500 fathom lines, they make in many places the chief 
part of the deposits. In some places the deposits are chalk-like. 
Of Radolarians and sponge spicules, only three per cent. 

In the Florida Straits there are interesting phosphatic concre- 
tions. In one Mr. Klement found 33:42 per cent of phosphoric 
acid, with 5°80 carbon dioxide, 2°74 sulphur trioxide, 51:90 of 
of lime, magnesia 0°70, iron and alumina 1°56, fluorine 1°21, insolu- 
ble residue 0°21, loss on ignition 2°16, with traces of silica and chlo- 
rine. The presence of so much fluorine in this and the other con- 
cretion analyzed by Mr. Klement is an interesting fact. Mr. 
Murray observes that “that there are difficulties in under standing 
how calcium phosphate and calcium carbonate are deposited at 
the bottom of the sea, yet there is no doubt that such a deposi- 
tion does take place under some special circumstances. Their 
solution in the ocean water is an almost universal phenomenon.” 

2. Tornebohm on the formation of quartzite by enlargement 
of the quartz fragments of sandstone; by R. D. Invine.—In 
recent publications on this subject (Bulletin No. 8, U. S. Geo- 
logical Survey, and Fifth Annual Report, U. 8. Geological Sur- 
vey) I have attributed to Sorby the first recognition of the process 
of enlargement of quartz fragments, which we now know to have 
been well nigh universal in quartzose fragmental rocks; while at 
the same time showing that several others, including myself, had 
independently observed such enlargements. Recently my atten- 
tion has been drawn to the existence of a paper by Térnebohm 

_ dating as much as three years before that of Sorby, in which an 
account is given of a red quartzite from Dalecarlia, Sweden, 
formed by this process of enlargement from a sandstone. This 
paper (Geol. Forens. i Stockholm Forh., iii, 217), the original 
of which I have not yet been able to see, is reviewed in the Neues 
Jahrbuch fiir Mineralogie for 1877, p. 210; and the statements of 
the reviewer, evidently reproducing those of Tornebohm, read 
very like some in my own publications. After saying that the 
thin section, as seen in ordinary light, shows the fragments 
Sharply outlined by oxide of iron borders, the reviewer says that 
in the polarized light, ‘‘the borders of the fragmental grains are 
hardly any longer recognizable; the rock appears as though it 
were a crystalline ag eresate of irres ularly angular quartz grains, 
exactly fitting one another, just as is the case “with the quartzites 

Am, Jour. Sc1.—Tuirp Series, VoL. XXXI, No. 183.—Manrcu, 1886. 
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in general.” The cementing silicic acid has divided itself off into 
areas each of which has attached itself to one of the original 
fragments, forming with it “a crystallographically single indi- 
vidual. Thus the “quartz grains enlarged themselves until they 
mutually limited one another, and filled out all interstitial space, 
so that their form naturally became that of irregularly angular 
grains. The original form of the quartz grams is only now 
recognizable by the dust upon their surfaces ; without this dust 
the elastic nature of the rock would be completely obliterated, 
and the whole appear as a crystalline granular quartz-aggregate.” 

It does not appear from this review that Térnebohm was dis- 
posed to extend these conclusions to all ordinary quartzites, or 
that he appreciated the similarity of origin of the quartzites and 
so-called ‘crystallized ” sandstones. 

Washington, D. C., January 28th, 1886. 

3. A Submarine Crater in the Atlantic near the Canaries.— 
In a paper of much interest on “The North Atlantic as a Geolog- 
ical Basin,” by T. Mettarp Reape (Presid. address to the Liv- 
erpool Geol. Soc., 20 pp. Svo, 1885), we find it stated, from infor- 
mation received by Mr. Reade from Sir James Anderson, that 
the inequalities of the bottom are very great between Lisbon and — 
the Canary Islands; that ‘‘ off the Burlings we found a crater 
nearly 1,000 fathoms deep, into which the cable [electric] ran, 
and we had afterwards to recover and re-lay it; on the top of 
the crater were 80 fathoms soundings.” “ The depression is only 
a few miles in diameter,” while “ail around it is under 100 fath- 
oms.” Valleys are abundant; “off the Burlings, 39° 25’ 30” N. 
and 9° 54' W., the ship had 1,300 fathoms under her bow and 
sounding under the stern they got 800 fathoms.” ‘Off Lisbon 
and up to the edge of the soundings there are great inequalities, 
which no doubt are due to a chain of mountains in the ocean. 
The problem we have to solve when the cable is laid over such 
places is by numerous soundings to trace out the valleys. Some- 
times we succeed, but sometimes we do not, as often within half 
a mile there are ereat inequalities, and it would be impossible to 
sound the whole ocean every half mile.” From these and other 
facts maintained in his paper, Mr. Reade concludes that the 
ocean’s bottom is not as even in surface or gentle in its slopes, as 
announced in some recent descriptions. 

4, Geological Sketch of the Island of Antigua, by EH. C. 
Purves. (Bull. Mus. Roy. d’Hist. Nat. de Belgique, Brussels. ) 
—This paper is accompanied by a colored plate and section show- 
ing successive formations from southwest to northeast, the gen- 
eral trend of them being northwest. They are, commencing to 
the southwest: (1) various volcanic rocks, in hills 800 to 1200 
feet high; (2) Upper tufas which he proves to be of Miocene 
age, with (a) Lower marine limestone with chert, () volcanic, 
sand and conglomerate, and (c) chert, of freshwater deposition ; 
(3) Upper limestone and marls with hills of 300 feet, and with a 
narrow sea-border in part of recent horizontal marls. No. 1 and 
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3 have a width of two to four miles, and 2 of 24 to 4 miles. 
There is also a hill (Drews Hill) of trachydoleryte near the cen- 
tral line of the island which is spoken of as a volcanic hill. The 
Lower marine limestone contains shells and fossil corals. Among 
the corals Prof. Duncan identified Alveopora dedalea and Stylo- 
-coened lobato-rotundata Mich., the latter a species occurring in the 
lower limestone of Malta and elsewhere, and Mr. Purves adds 
Prionastrea diversiformis Mich., Solenastrea Turonensis Mich., 
Porites Collegnana Mich., all Miocene species. The Alveopora 
is a living Red Sea species. Orbitoides Mantelli, recognized by 
Prof. T. Rupert Jones from the chert of Antigua, Mr. Purves 
found in the upper limestone and not in the marine chert; and he 
adds that this foraminifer ranges from the beds of San Fernando 
of Trinidad, referred to the Eocene, to the summit of the Miocene 
of Jamaica. 

The freshwater chert contains species of Melania, Zonites, 
Nematura or Amnicola, Planorbis, Melampus, Neritina, Trunca- 
tella, Pomatias? Of these eight genera, the first three, the 6th 
and the 8th, are not now represented in Antigua ; and the species 
of Planorbis, Melampus and Truncatella cannot be identified 
with those now existing there. The genus Zonites is unknown in 
the Antilles and all Central America; and Melania occurs in 
Cuba but not inthe Antilles. A remarkable fact is the faithful 
reproduction, by the silica, not only of the shells, but in certain 
cases, of parts of the animal itself, especially in specimens of 
Melania, and, less well, in those of Zonites, Melampus and Nema- 
turd. 

The shells and corals of the upper limestone and marls have 
been referred to the Miocene by Prof. Duncan. The fossil corals 
are to a large extent silicified; and, besides, the beds contain 
large geodes, made probably through the removal of corals; but 
the limestone remains unsilicified. The silica is referred to the 
waters of hot springs. 

The recent horizontal marls, which make a terrace along the 
northeast coast, contain recent terrestrial shells. But two of 
them, species of Succinea and Helicina, are not now found in the 
island. No human remains have been discovered in the beds. 

The papers by Prof. Duncan referred to are in the Quart. J. 
Geol. Soc., xx, 411, 1868, and xxix, 562, 1873, Geol. Mag., i, 97, 
101, 1864; by Prof. T. R. Jones, Geol. Mag. i, 102, 1864. 

5. Pennsylvania Geological Survey.—The following volumes, 
reports of the progress of the survey, have been recently issued: 

No. C*. Field Notes in Delaware County ; by C. E. Hut, with 
a colored geological map of the county, five engraved colored 
plates, and thirty-nine photographic views of the Granite Quarries, 
Kaolin Mines, Serpentine outcrops, and the Castle Rocks. Pub- 
lished in advance of the Geological Report on the County, Part 2, 
by J. P. Lesley. 128 pp. 8vo. Harrisburg, 1885. 

No. RR. Township Geology of Elk and Forest Counties, by 
C. A. AsupuRNeR; of Cameron County, by A. W. SHEAFER. 
404 pp. 8vo, 1885. 
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No. T°. The Geology of Huntingdon County, by J. C. Wuitre 
and other assistant geologists; edited by J. P. Lestey. 472 pp. 
Svo, with a colored geological map of the county and other folded 
maps and plates, besides sixty-four page plates, maps and sections. 

No. AA. Atlas (colored) of the Eastern Middle Anthracite 
Field, containing eight folded sheets relating to the portions of 
the Lehigh basins in the vicinity of Hazleton and Drifton, Lu- 
zerne County; C. A. AsHBURNER, geologist in charge. 

The first mentioned of these Reports, on Delaware County, 
gives an account of the relations of the serpentine and other crys- 
talline rocks of the County to one another and to the Archean— 
points that will be fully discussed in Part 2 by Prof. Lesley. Only 
the general conclusions are here mentioned. Mr. C. E. Hall states. 
that the investigation has demonstrated, through good sections, 
that the schistose gneisses of the region rest unconformably on 
the Archean syenite; that “there are apparently no faults of any 
consequence within Delaware County to cast a shadow of doubt 
on the true relations of the schistose rocks to the Laurentian.’ 
Further, the Serpentine rocks are in more or less flexed strata, 
and one in series with part, at least, of the gneisses and other 
schistose rocks that overlie the Archean. The author says that 
“the Serpentine group in this series is the uppermost, or most 
recent, of the mica schists and gneisses of southeastern Pennsyl- 
vania;” and also that “the schists and gneisses, except those of 
the Syenite group [the Archean], belong to a more recent forma- 
tion than the Hudson River age” [top of the Lower Silurian]. A 
table on page 8 represents these gneisses and schists in three 
series, the Serpentine as belonging to the upper of the three, and 
all as probably metamorphosed Devonian. The lowest of the 
three schistose groups contains “‘ coarse mica schists and gneisses,. 
feldspathic and hornblendic gneiss;” and the upper, serpentine. 
limestone, garnetiferous schist, corrugated ligneous schists and 
micaceous sandstones, hornblendic gneiss, and feldspathic mica- 
ceous gneiss.” 

The kaolin of the county is in extensive deposits. The par- 
ticular feldspathic rock from which it is derived is not yet ascer- 
tained. 

6. Fossil Scorpion from American Rocks, and other fossils.— 
Mr. R. P. Wuitrietp has a paper, illustrated by two plates, on 
American Silurian Scorpions, Bulletin No. 6 (vol. 1) of the Ameri- 
can Museum of Natural History; and the same paper contains 
reproductions of the figures of the Gothland and Lesmahagow 
Upper Silurian Scorpions. The American species is from the 
Waterlime beds at Waterville, N. Y., and is named Proscorpius. 
Osborni (Paleophonus Osborni of Whitfield in Science for 1885). 
The specimen was at least one and one-half inches long, and re- 
sembles much the living scorpions in general form. Mr. Whit- 
field observes, in his concluding remarks, that he is inclined to 
believe the animal to have been aquatic in its habits, and that we 
have in it a link between the true air-breathing Scorpions and the 
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Eurypterids. In the Swedish and Scottish specimens the abdo- 
men ends in a stout spine, like modern Scorpions; in the Ameri- 
can this portion is absent from mutilation. 

The same number of this Bulletin contains descriptions, by Mr. 
Whitfield, of a new Lituites (Z. Bickmoreanus Wh.) from the 
Niagara limestone at Wabash City, Indiana, and of a Homalono- 
tus (HZ. major Wh.) from the upper part of the Oriskany Sand- 
‘stone of Ulster Co., N. Y. The Homalonotus had a breadth of 
five and one-half inches, and, judging from the large but imper- 
fect specimen, was probably fifteen and one-half inches long. 

7. Mineral Resources of the United States. Calendar years 
1883 and 1884, by AtBerT Witttiams, Jr., Chief of Divison of Min- 
ing Statistics and Technology. 10!16pp.8vo. Washington, 1885. 
(U.S. Geological Survey, J. W. Powext, Director).—This report, 
the second of the series, brings the statistics of the mining indus- 
tries of the United States down to December 31, 1884. It is a 
large volume containing a vast amount of valuable information 
‘on a wide range of topics. The successive chapters on coal, coke, 
petroleum, natural gas, the metals, gold, silver, copper, lead, etc., 
also on building stones, clays, precious stones, phosphates, salt 
and so on, have been for the most part prepared by specialists, 
whose united contributions, with the labors of the editor, make a 
work of more than usual importance. 

8. Contributions to Mineralogy ; by F. A. Genta.—Dr. Genth 
has added another to his important papers on Chemical Miner- 
alogy, giving the results of much careful work. The following 
are some of the more interesting analyses: 

Joseite from San José, Brazil: Te 14°67, Se 1°46, S 2°84, Bi 81-23 
== IO AY, 

Galenobismutite from Sweden: (2) 8 9:75, Se 12°43, Bi 49°88, 
Pb 27°88, Ag 0°33; specific gravity 7°145. The formula is Pb(S, Se) 
+ Bi,(S, Se), with S:Se=2: 1. 
Argentobismutite (Silberwismuthglanz of Rammelsberg) from 

Lake City, Colorado: 8 [16°66], Bi 52°89, Ag 26°39, Pb 4:06=100; 
the formula is Ag,S+Bi,S, with a little lead probably replacing 
part of the silver. 

Cosalite from the Alaska mine, Colorado: 8 16°80, Se é7., As 
0°04, Sb 0°51, Bi 44:95, Pb 28-10, Cu 8:00, Ag 1:44, Zn 0°24=100-08. 
Also from the Gladiator mine: (3) 8 17:17, Sb 0°84, Bi 45:09, Pb 
24°61, Cu 5°84, Ag 5°75, Zn 0°58—99°88. 

Beegerite trom the Treasury Vault mine, Park county, Colorado: 
S$ [14°59], Bi 19-81, Pb 50°16, Ag 15-40=100. 

Tetrahedrite from the Governor Pitkin mine, associated with 
sylvanite: (3)S 25:97, As 3:22, Sb 25°51, Bi 0:37, Cu 37°68, Ag 0°60, 
Zi 715, Fe 0°64, Mn 0°10=101-24; specific gravity 4°885. 

Polybasite from the Terrible Lode, Clear Creek county, Col. ; 
S [16-70], Sb 10:18, As 0°78, Ag 62°70, Cu 9:57, Fe 0:07=100: spe- 
cific gravity 6:009. 

Arsenopyrite from Northern Alabama: S 18:32, As 47°10, Fe 
33°84, Cu 0:70=99°96. 
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Vanadinite from Wanlockhead, Scotland: V,O, 18:04, P,O, 0°27, 
As, O. 0°34, PbO 78:39, Cl 2: 53—99- 57. 

Annabergite from the Gem mine, Silver Cliff, Colorado: As,O, 
36°64, NiO 32°64, CoO 0°50, CaO 3: 51, MgO 3°74, H,O 23°94 = 
100°95.— Amer. Phil. Soc. Philad., Oct. 2, 1885. 

9. Brief notices of some recently described Minerals.—- LAVENITE 
is a mineral of chestnut-brown to yellowish color occurring in 
monoclinic prismatic crystals. The elements are a:b: ¢ (vert.) = 
1:0811: 1: 0°8133, G=71° 243. Cleavage parallel to the ortho- 
pinacoid. Specific Beni 3°51. An analysis by Cleve yielded : 
SiO, 33°71, ZrO, 31°65, Fe,O, (?) 5°64, MnO 5-06, CaO 11:00, Na,O 
1] 32, ign. 1:03=99° Al, which makes it related to catapleiite, euco- | 
lite, ete. The locality i is a small island, near Stoko, in the Lange- 
sundsfjord, Norway.— W. C’. Brogger in the Geol. For. Forh., 
vii, 598. 

CAPPELENITE occurs in hexagonal crystals (ec=0°4301) of a brown 
color, a greasy to vitreous luster on fracture surfaces. No distinct 
cleav: age. Specific gravity 4:407. a analysis by Cleve yietded: 
SiO, 14:16, B,O, [17-13], Y,0, 52°55, La,(Di,)O, 2:97, Ce,O, 1-23,, 
Tho, 0°79, BaO 8°15, CaO 0°61, ORE Kk,O 0:21, H,O 1-s1= 
100. Occurs very sparingly i in small vein of augite- -seyenite on - 
the Lille Aré in the Langesundsfjord, Norway.— W. CO. Brogger 
in Geol. For. Forh., vii, 599. 

PINNOITE is a new borate of magnesium from Stassfurt. It 
occurs with boracite and picromerite (kainite). It is massive, 
fine-granular to compact though with sometimes a slightly fibrous 
structure. The color is sulphur- to straw-yellow or pistache-green. 
The hardness is 3 to 4 and the specific gravity 2°27. The mean 
of several analyses by Stromeyer yielded: B,O, [42°50], MgO 24-45, 
HO 32°85, Fe 0°15, Clo: 18, for which the formula MeB Koy fe ay 0 
is calculated.—H. Staute in Ber. d. Chem. Ges., xvii, 1584, 
Jahrb, Min., 1885, i, 378. 

AVALITE is a new chromium mineral from the quartzite of 
mercury mines of Mt. Avala near Belgrade. The original mineral 
was a green earthy substance, very impure, but finally for the 
most part separated by chemical and mechanical means from the 
admixed minerals. An analysis of the purest material, consisting 
mostly of emerald-green scales as seen under the microscope, 
yielded: SiO, 56°13, Cr,O, 14°59, Al,O, 14°37, K,O 3°54, Fe,O, 1°10, 
MgO 0°43, chromite | 68, ‘water (bygroscop.) 2°39, ignition 538 = 
99° 6 1.— Losanitsch, ibid, 1885, i, 409. 
PoLYARSENITE—SARKINITE.—These are described as two new 

Swedish arsenates of manganese; they may prove, however, to be 
the same species, The former, polyarsenite, is stated by Igel- 
strém (Bull. Soc. Min., viii, 370) to occur massive, without cleav- 
age, with the hematostibiite of the same author (Buil. Soc. Min., 
vill, 148), in veins in calcite imbedded in tephroite. It is yel- 
lowish red, transparent. According to Bertrand it is optically 
biaxial with a negative acute bisectrix, An analysis by Sdéder- 
baum is given (I) below. The locality is the Sjd mines in Sweden... 
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Sarkinite, as stated by A. Sjégren (Geol. For. Foérh., vii, 724), 
occurs massive with two cleavages but the crystalline system 
unknown. The color is light red, and the luster greasy. An 
analysis by Lundstrom gave the results (II) below. The locality 
is Pajsberg, Sweden. 

As,0; Sb20; P20; MnO FeO CaO MgO PbO H.O COz insol. 
I. 39:04 1:21 — 5018 tr 288° 075 — 315 35]. — =100-72 
AGO Pe 021 ICONS ONSh 1-40) 20:98) /0:251))3206) 07716) O88 = M003 

UrnNTAnITE is an asphalt-like hydrocarbon from the Uintah 
Mts., Utah. It is obtained in masses several inches in diameter, 
brittle and breaking with a conchoidal fracture. Its hardness is 2 
to 2°5, specific gravity 1:065 to 1:075; the color black and lus- 
trous. It fuses easily in the flame of a candle, burning with a 
brilliant flame like sealing-wax and like this giving a clean sharp 
impression of a seal. It dissolves in heavy petroleum, also in oil 
of turpentine when warmed; but not by ordinary alcohol nor by 
ether when in fragments. It forms with melted wax a hard black 
mixture, resembling “burnt wax.”-— W. P. Blake in The Engi- 
neering and Mining Journal, Dec. 26, 1885. 

Ill. Borany AND ZOooLoey. 

1. Contributions to the Flora of the Peruvian Andes, with 
Remarks on the History and Origin of the Andean Flora; by 
Joun Batt, F.R.S., M.R.LA., F.L.S., &e. Extr. Journal of the 
Linnean Society, Botany, xxii, pp. 1-64. Read November, and 
published in December, 1885.—The personal observations and the 
collections upon which this essay was founded were made in 
April, 1882, in an excursion by railway from Lima up to Chicla, 
which although only 75 miles in distance, is at the elevation of 
12,220 English feet. Much to his surprise, Mr. Ball found that at 
this elevation, he had not yet reached the alpine region, which 
really begins about 2000 feet higher. This is three or four 
thousand feet higher than Grisebach had placed it, on the author- 
ity of Tschudi and Humboldt: yet is only what we should expect, 
since the proper alpine vegetation of the Rocky Mountains in 
lat. 40° N., hardly descends below 10,000 feet, and the oscilla- 
tions of temperature in the Peruvian Andes are small. 

Equally mistaken, Mr. Ball suspects, must be the common view 
that the flora of the tropical Andes is scanty in species as com- 
pared with high mountain floras in general. He makes some 
comparisons from which he infers that the paucity is apparent 
rather than real, and may be attributed mainly to the paucity of 
collections in the Andes, since these vast regions have been visited 
at very few points and far between. 

About a quarter of the Andean phznogams is of Composite, 
which is double their ratio in N. America, which again is greater 
than that of any other continent. The characteristic and the 
most abundant Andean Composite are the Mutisiacee. Mr. 
Ball, referring to Bentham’s indication of the complex affinities of 
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this group, ventures “to believe that under Mutistacew are in- 
cluded very many different lines of descent, but that among them 
there are some minor groups distinguished by very high relative 
antiquity.” And in another connection he opines “ that the argu- 
ments that have led some distinguished botanists to consider the 
great family of Composite as of comparatively recent origin to 
appear to me altogether inconclusive. When I consider the vast va- 
riety of forms which it includes, the degree in which some large 
groups are localized in different regions of the earth, while others, 
such as Senecio, have representatives in every zone, I shrink 
from the conclusion that their origin can be, even in ‘eeological 
language, at all recent. It is, of course, not inconceivable “that 
plants which we class together under the name Composite may 
have come into existence by different lines of descent through 
gradual modification from different ancestral types. But, when 
we consider the general agreement in the structure and arrange- 
ment of the essential organs, I think that the balance of proba- 
bility imclines decidedly towards the belief in a community of 
origin of all the various existing forms. Be that as it may, we 
are, I think, justified in looking to the mountain region of South 
America as the original home of many large groups, such as the 
genus Baccharis, most of the Mutistacee, and many genera of — 
other tribes.” 

As to these two suggestions, although it is practically conven- 
ient, and perhaps necessary, to bring all the Labiatiflorous Com- 
posite under one tribe, as Bentham “has done, it seems to us alto- 
gether probable that the existing forms are descended from different 
lines of ancestry. Indeed by such a conception we can more 
naturally understand their diverse affinities. But as to the great 
order they belong to, if there is any large group in which the 
structure suggests community of origin, it is the Composite. 
And we suppose that systematic botanists of large experience 
would entirely agree with Mr. Ball, that the wide differentiation 
and distribution of this vast order indicated its high antiquity. 
Our author has assigned some strong reasons for this opinion. 
The only argument to the contrary, that we know of, is an ideal 
one, based upon two suppositions ; one, that Dicotyledons culmi- 
nate in the Composite and in such-like orders; the other that the 
highest ideal type of plants must be of the latest evolution. But, 
indeed, the vegetable commonwealth shows no tendency to cul- 
niinate in any one group or set of groups; and it is a question- 
able morphology which would promote the capitulum of a thistle 
or a dandelion to the head of the class. 
We remember an interesting lecture, in which, recognizing 

the dominant part which the northern hemisphere and its 
boreal lands, with their favorable configuration, have undoubt- 
edly played in floral distribution, it was inferred that the 
role of the southern had always been comparatively ‘insignifi- 
cant. But a great deal may have happened in the austral 

. 5 . . 

regions before this boreal supremacy was established. Mr. Ball 
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several years ago brought forward his doctrine of the very high 
antiquity of our actual temperate and alpine floras, of their 
co-existence in highly elevated regions of low latitudes even in 
early times. So now, applying his former conclusions to the 
southern hemisphere, and to “a period remote even in geological 
language,” he notes that “ the special generic types of the antare- 
tic flora” “belong without exception to the great groups or nat- 
ural orders which are now almost universally diffused throughout 
the world; and the ancestral types from which they originated 
were probably carried to that region at a remote period, when the 
physical conditions of the earth’s surface were widely different 
from those now prevailing.” ‘“ Various considerations tend to the 
conclusion that the dispersal of the chief cosmopolitan genera of 
plants may have coincided with the period of the older secondary 
rocks; and at that period physical agencies far transcending those 
of our experience prevailed throughout the earth. If the ances- 
tors of the antarctic types of vegetation were then established in 
a south polar continental area, and were developed from them by 
gradual modification, I see no difficulty in believing that they may 
have maintained themselves through successive gradual changes 
of physical conditions within the same region, and even that some 
may still survive within the Antartic Circle.” 

Whether or not one accepts the idea of such high geological 
antiquity which Mr. Ball slaims for what he calls Cosmopolitan 
types, we must wholly agree with him in his use of this name for 
them, in preference to that of Scandinavian. The latter term 
was used by Hooker before the relation of the present flora of 
our temperate zone to a former high-northern vegetation was made 
clear, and before the types in question could “with more reason 
be referred to North America than to Scandinavia.” Mr. Ball’s 
remark that, as to many of them, “the balance of evidence points 
to an original: home in the high mountains of lower latitudes ” 
chimes in with his favorite and original doctrine. And this indeed 
seems likely to gain ground the more it is considered and applied, 
as he is applying it, to the explanation of actual distribution. 

The interesting problem is to discriminate, as well as may be, 
the two commingled elements of the northern temperate floras, 
one of arctic, the other of more endemic mountain origin. An 
interesting presentation, as concerns Central Europe, is made in 
Heer’s Nival Flora of Switzerland, a posthumous work, published 
by the Société Helvetique des Sciences Naturelles, of which a 
summary is given in Nature for Dee. 31. 

The following idea is extremely suggestive. ‘In a zoological 
as well as a botanical sense Brazil is one of the most distinct and 
separate regions of the earth. It is in large part a granitic re- 
gion, from which vast masses of superincumbent strata have been 
denuded, and where the granite itself has undergone a great 
amount of decay and ablation. We there see the ruins of one of 
the greatest mountain masses of the earth, where a very ancient 
flora and fauna were developed, of which portions were able to 
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migrate to a distance, while others have been modified to adapt 
themselves to the eradual changes of the environment. Many 
vegetable groups, which are but slightly represented in the higher 
region of the Andes, such, for instance, as the Melastomacee, 
probably had their origin in the mountains of ancient Brazil.” 
We are now only beginning to reach some conception of the 

role which the Andes and their prolongation through Mexico have 
taken in determining the character of no small part of the North 
American flora. Following up some ideas which were touched 
upon in this Journal (vol. xxxviil, Noy.,1884, p. 340) and else- 
where, Mr. Ball writes :— 
“When we consider that, although subsidence has probably at 

various times separated the two portions of the continent, the 
highlands of Mexico and Central America have, in all probability, 
served during long periods as a bridge over which some portions 
of the mountain vegetation may have ‘been transferred from North 
to South, and vice versa, we are led to feel surprise rather at the 
separ ations now existing than at the presence of many genera and 
of a few identical species in the flora of the Andes and that of 
the Rocky Mountains. It is true that I have reckoned as Andean 
genera and species many that extend northward as far as Mexico; _ 
and it may well be that that region, so rich in varied forms of 
vegetation, is the original home of some that now appear to be 
more fully developed in the mountain ranges of Western North 
Ameriea. Among the wide-spread American types we must note 
two natural orders whose original home may with some confidence 
be placed in the northwestern part of the continent. The Pole- 
moniacee, of which about 140 species belong to that region, are 
represented i in the Andes by five species of Glia, one of Collonia, 
and by the endemic genus Cantua. They have sent to the Old 
World two or three species of Phlox in Northern Asia [we be- 
lieve only one, and that not far over the border], and a single 
emigrant which has reached Britain,—the Jacob’s Ladder of old- 
fashioned gardens,—which maintains a struggling existence in 
several isolated spots in Europe. The other specially American 
family is that of the Hydrophyllucew, of which 12 genera are 
known in N. America, but which is represented in the Andean 
chain by only fourspecies of Phacelia.” The Loasacec illustrate 
the opposite course of migration. 

A list of the plants which Mr. Ball collected in the upper valley 
of the Rimac in the Peruvian Andes, with various annotations 
and the characters of some new species, concludes the present 
interesting contribution to Andean botany. We believe that a 
second paper upon the subject may be expected. Two or three 
comments upon individual plants of the list will bring our review 
to a close. 

Evodium cicutarium.—Although Mr. Ball notes the wide dif- 
fusion of this old world species in South America, and that it 
attends the distribution of cattle, he seems at a loss to account 
for its presence in the Peruvian Andes at the height of 12,500 
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feet. He supposes that it has not shown the same readiness to 
establish itself in North America. This is true of the Atlantic 
but not of the Pacific side. In California and the adjacent dis- 
tricts the A/filaria, as it is popularly called, has taken such full 
possession that we can hardly convince even the botanists that it 
is an introduced plant. The authors of the Botany of California 
speak of it as ‘more decidedly and widely at home throughout 
the interior than any otber introduced plant, and, according to 
much testimony, it was as common throughout California early 
in the present century as now. .. It is a valuable and nutritious 
forage plant, reputed to impart an excellent flavor to milk and 
butter.” AtSanta Barbara and other parts of southern California, 
it is used for lawns around dwellings, and it seems to be the only 
resort. It makes a passable substitute for grass so long as the 
rainy season lasts or irrigation is kept up. It must have been 
brought in with the earliest cattle, and have found on the Pacific 
coast a perfectly suitable climate. 

Caldasia of Lagasca, Mr. Ball shows us, must be restored as 
the name of the genus named Oreomyrrhis by Endlicher. 

Relbunium, upon a general survey of the species, will in our 
opinion be found quite untenable as a genus. 

Phacelia circinata, which extends almost from one end to the 
other of the American continent, is said to be singularly constant, 
exhibiting no marked varieties. But we have in North America 
a remarkable diversity of forms, the extremes of which, by them- 
selves, no botanist would refer to one species, although inter- 
mediate forms inextricably combine them. A. G. 

2. J. C. Lecover, Monographie du Genre Thalictrum. Gand. 
1885, pp. 249, 8vo, tab. i-v.—This monograph makes a large 
part of the 24th volume of the Bulletin de la Société Royale de 
Botanique de Belgique, in which the larger part was published 
early in 1885, the remainder in January, 1886. Botanists may be 
glad to know that it is also issued as a separate volume (for 12 
frances) ; and may join in our regret that the original pagination 
is not preserved, nor in any way indicated, nor, indeed, do we 
find any indication in the separate issue that the author’s work 
was published by the Royal Botanical Society of Belgium. This 
seems hardly fair to the Society ; and the new paging without 
reference to that of the Bulletin gives biblographical trouble; for 
some will cite from the Bulletin, as they ought, and others from 
the separate issue. 

The monograph is a laborious and faithful piece of work. We 
have only a small part of the genus in North America, in fact. 
barely a dozen species out of the 79. And we now count Ane- 
monella of Spach (Thalictrum anemonides), as a distinct genus of 
a single species. But our few Vhalictra are encumbered with 
many difficulties, both in the limitation of the forms and in no- 
menclature. In respect to them M. Lecoyer’s investigations in the 
herbaria have much helped out our own notes made at various 
times. He confirms the impression we had formed from an in- 
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spection of the plant in the Banksian herbarium that 7. rugosum 
of Pursh is the old world 7: glaucum, wrongly attributed to an 
American origin. And he shows, what we might have made out 
at first, that the Thalictrum figured and described in Cornuti’s 
book must have been Z. aquilegifolium of Europe. An inspec- 
tion of Morison’s figure brings the conviction that he copied from. 
Cornuti, with some change to adapt it to the space. So that the 
name 7! Cornuti L., founded on these, must subside. 

Our tall polygamous species, with clavate filaments and short 
blunt anthers must therefore take some other name. Lecoyer 
brings up that of Z! corynellum DC., Syst., on the ground that 
the earlier names, 7. polyganum Muhl. and 7! pubescens Pursh, 
were founded on mixed material. This is true as concerns Pursh’s 
T. pubescens. But Muhlenberg’s name, the earliest of all, is pure, 
as the specimen he sent to Willdenow shows, and which Lecoyer 
has seen; and his description in his unpublished Florula Lancas- 
triensis is explicit. We call this the earliest published name; for 
it is in the first edition of his Catalogue (1818) with a character 
“smooth, polygamous,” which, however short, distinguishes it 
from any other of the Atlantic States. 

T. purpurascens L., the remaining species which Linneus re- ~ 
ferred to North America, Lecoyer also suppresses; but we think 
on insufficient grounds, into which this is not the.place to enter. 
We ought sometimes to strain a point rather than abandon-a 
Linnean name. Lecoyer doubts if we can fully distinguish the 
two species which were referred to Z. purpurascens, 1. e., T. 
revolutum DC., and Z. dasycarpum Fisher and Meyer. If he 
could have studied the variations of this species as he has those 
of Z. minus of Europe (of which he enumerates over 200 syno- 
nyms) he would most probably have combined them. And if he 
really knew the well-formed fruit of Z. occidentale, he might not 
have reduced the species to the eastern Z' dioicum, although 
there are some intermediate forms. A. G. 

3. Nomenclature for Fossil Leaves, etc.—Dr. NarHorst con- 
tributes an article on this topic (Benennung fossiler Dikotylen- 
bldtter) to the current volume of the Botanisches Centralblatt, (nos. 
1, 2, 3), containing suggestions which, we suppose, most syste- 
matic botanists would agree to and recommend to the phyto-pale- 
ologists. The substance of his doctrine is, that scientific names, 
for fossil as for existing plants, should as nearly and as clearly as 
possible express our actual knowledge, neither more nor less. 
For instance, the imprints of leaves which can be certainly or con- 
vincingly referred to existing genera, will of course bear the 
generic name. When the genus is certainly known to occur in 
the given stratum, by its fruit or in some cases by very character- 
istic venation of the leaf, all is clear. But asa rule, in formations 
older than the Pliocene, fossil imprints should not be referred to 
living genera without such evidence. It would much better 
represent the facts, in such cases, to employ the name of the prob- 
able genus prefixed to phyllum: e.g. Aceriphyllum, Magnoli- 



Botany and Zoology. 237 

phyllum, etc. This does not exclude such fossils from the genus, 
while it does indicate the actual uncertainty. Nathorst adds a 
note to deprecate the opposition which may be raised against the 
admission of such names when the prefix happens to be Latin, 
or at least not Greek; but he fortifies his ground with DeCan- 
dolle’s apposite remark that such hybrids are quite as good as 
bureaucracy, centimeter, decimeter, and the like. Moreover, when 
leaf-imprints from widely separated localities apparently belong to 
the same species, yet with some difference, it is better to have 
this difference indicated in the nomenclature by making the name 
ternary ; e. g. Acer trilobatum Japonicum. Figures of fossil leaves 
which represent outlines only, without indications of the exact 
nervation, are nearly useless for classificatory purposes. All leaf- 
impressions should be carefully figured, photographically or other- 
wise: but those that are really not determinable should not be 
named at all. They may be compared and studied as well with- 
out names as with them ; and while nameless they are not mis- 
leading. A. G. 

4. Wirrrock, Erythree Hesiccate. Fase. I, 1885.—This is 
issued in the same sumptuous style as the first part. We see 
with gratification that the appeal to American botanists for ma- 
terial begins to find response. In this volume, of 16 sheets, con- 
taining species No. 13 to No. 25, the following are N. American. 
Erythrea Douglasii in a typical state, #. nudicaulis in the same, 
E. calycosa, var. Arizonica, H. venusta, and a new one named 
E. curvistaminea, which the author brings near to & Douglasii, 
and others may identify with that species. For the curvature of 
the stamens is probably an incident of the dichogamy, in the 
manner of Sabbatia, which all the large-flowered North American 
species exhibit. Attention is called to this in the Synoptical Flora, 
vol. 2, part 1, second edition, p. 405. The American contributors 
to this fasciculus, Messrs. Pringle, Suksdorf, and Orcutt, are 
mentioned on the title-page. We have still several species and 
forms which ought to be represented in this authentic illustration 
of a difficult genus. A. G. 

5. F. BucnuEnav, in Engler’s Bot. Jahrbiicher, vol. vii, 1885, 
has published a critical synopsis of the European Juncacew, partly 
with reference to Nyman’s Conspectus, and with full indications 
of the principal European exsiccate. Dr. Buchenau is the acknow- 
ledged master of this subject, and his views concern several of our 
American species as well. A. G 

6. FERDINAND Pax, in the same fasciculus of Engler’s Jahr- 
biicher, having already discussed the general structure and mor- 
phology of the Maple genus, has now given us the first part of his 
monograph, comprising four of his fourteen sections, the Audra, 
Spicata, Palmata, and Trifoliata. We shall probably pass the 
work in review when it is all published. Meanwhile, puce Paci, 
we have small belief in the two species near A. rubrum which he 
has characterized from old herbarium specimens collected by 
Kinn, and preserved in the Berlin herbarium. A. G. 
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7. R. Spruce, Hepatice Amazonice et Andine.—This elabo- 
rate monograph fills the two parts of the fifteenth volume of the 
Transactions and Proceedings of the Botanical Society of Edin- 
burgh (1884—5),—nearly 600 pages of letter press, including a full 
index of genera and species, and 22 neat lithographic plates. All 
that remains to the completion of Mr. Spruce’s indefatigable 
labors is the promised introduction, relating to “ the physical fea- 
tures of the regions explored, and their connection with the vege- 
tation, especially the hepatic vegetation, with critical remarks on 
certain of the genera and species.” The author’s illness has pre- 
vented the appearance of this in the present volume. We join 
in the hope that he may be able to present it in a supplement. 

A. G. 
8. Synoptical Flora of North America; by Asa Gray.—A 

revised edition of the published portions of this work, viz: of the 
Gamopetalous Dicotyledons complete, is just issued in the form 
of a single volume, which, with the supplements and new indexes, 
now fills nearly a thousand pages, imperial octavo. In order to 
bring this work more generally within the reach of those inter- 
ested in botany, the price of these two volumes in one is reduced 
one half, namely to five dollars. It may be procured as before, 
of Wm. Wesley, Essex St., London; O. Weisel, Leipsic; Ivison, 
Blakeman, Taylor & Co., New York and Chicago; and also from 
the Herbarium of Harvard University, Cambridge, Mass., by ad- 
dressing the Curator. The latter can also supply a few copies 
of the Supplements and Indexes contained in this new edition for 
one dollar. 

9. Prodromus Faune Mediterranee, Pars Il, Arthropoda, by 
J. Victor Carus.—Part II of this valuable Prodromus of all 
Mediterranean animal species carries the first volume from pages 
283 to 526, and ends with the genus Plagusia among Crustacea. 

TV. ASTRONOMY. 

1. Comets (Fabry) and (Barnard); E. Wriss in Astrono- 
mische Nachrichten, Jan. 25.—The elements and ephemeris of 
Comet (Fabry) are by Dr. S. Oppenheim and are subject to 
some uncertainty. Those of comet (Barnard) are by Dr. Hepper- 
ger from observations of Dec. 5, 15 and 31, 1885. 

Comet (Fabry). 
T= April 4:180, Berlin m. t. 
7o— S84 tesla 
(DS SG 2 y I je SOO 
=) KO D2. Zo) 

log g=9'79386 
1886, Berlin m. t. a 7) log 7. log D. Br. 

March 2.5 Ro, DUN, — LEGA), Ze 0°0169 0°2148 4°8 

April 2.5 Mes As) +39 59 9 8578 0:0377 22°6 

16.5 23) (3956 +46 42 9°8494 9°7989 70°6 

May 15) 83 IKOPa +55 47 9°9117 9°2489 666°8 

16.5 iS} AIS} +16 31 9-9989 9°4305 192°4 

S315) Sae22 —27 49 00819 9°8929 15°5 

Brightness Dec. 1=1. 

~t 
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Though the brightness at the nearest approach may vary greatly 
from the estimates, there is no doubt that during the last of 
April and the first of May this comet will be a brilliant object— 
aided by the facts that at that time the comet is circumpolar and 
moonlight will not interfere. 

Comet (Barnard). 
T=1886. May 2°7855, Berlin m. t. 
ENO Smalos Or 
O= 68 25 57 } 1886-0 
t= 83 50 24 

log g=9°676952 
1886, Berlin m. t. a Co) log 7. log D. Br. 

March 1.0 lh. 56°6m. SCO Gy 071505 0°2416 oO) 

16.0 Ld 258 +25 29 0:0640 022315 5°6 

31.0 15053 = 3 Onmroid 9:9520 0°1998 10°8 

April 15.0 iL) aleseat +36 25 9°8072 Olsen 2/920 

30.0 IL RYH +40 22 9°6815 9°9857 IOS 

May 15.0 Zee lelichy +29 29 9°T498 9:7080 265°0 

30.0 4 25:4 —22 50 9°9019 9°5609 259:°0 

June 14.0 TOA: —48 32 0:0259 9°8182 44°7 

Brightness Dec. 5=1. 

According to the above table this comet also will be a conspicu- 
ous object at the same time as the other. We must therefore 
anticipate the unusual occurrence of two bright comets appearing 
in the same month, and on May Ist not very far apart. Comet 
(Barnard) passes its line of nodes May 20, which line the earth 
passes May 29. Comet (Fabry) passes its line of nodes May 8, 
which line the earth passes April 27, but by later elements this 
comet crosses the ecliptic April 25. It is therefore not impos- 
sible that the comet may be projected on the sun’s disc on the 
26th or 27th of April. 

Note by the translator.—Comet (Fabry) on May Ist, about the 
time of its greatest brightness will be high up in the N.W. dur- 
ing the evening.- Comet (Barnard) will be situated about 30° 
S.W. from it, setting in the N.W. at about 8.30, so that both 
comets will quite probably be visible together to the naked eye 
near the end of twilight. At its greatest brightness comet 
{Barnard) rises about two hours before the sun. Ww. B 

V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. Zsaac Lea Bibliography (being No. 23 of the Bulletin of 
the U. S. National Museum, and No. 11 of Bibliographies of Amer- 
ican Naturalists); by N. P. ScuppEer. Department of the Interior. 
lx and 278 pp., 8vo.—This volume contains a biographical sketch 
of Dr. Isaac Lea, which occupies pages i to lx, and a detailed 
bibliography covering the remaining pages. The great extent of 
the scientific publications of Dr. Lea, the large number of new 
species he has described, and the high value of his work render 
this bibliography one of special importance to American science. 
It mentions all the species of his papers in chronological succes- 
sion, gives references to plate and figure as well as page, and 
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states the locality of his specimens ; and later the references are 
grouped for each species alphabeticaily arranged. The bibliog- 
raphy is thus a complete index. Besides this, paragraphs are 
cited where questions of distinctive characters or of dates or pri- 
ority comein. Dr. Lea’s contributions to science, though mostly 
zoological and paleontological, also embrace valuable geological 
and mineralogical papers. The first of his papers appeared in 1818, 
in the Journal of the Academy of Natural Sciences of Philadelphia, 
and related to the minerals found near that city. The first paper 
on Unios was published in 1827; the last on Unios, nearly 50 
years later, in 1874; and the last ‘of his publications—mineralog- 
ical, like the first, and treating of the Inclusions in Gems, ete., 
from original microscopical observations, was issued in 1876. 
This last subject is still a source of work and enjoyment with Dr. 
Lea who, it is a pleasure to know, although now in his 94th year, 
is still “ blessed with good health, his mental and physical facul- 
ties unimpaired.” 

OBITUARY. 

Joun L. Camppety, Professor of Geology and Chemistry in 
Washington and Lee Univer sity, died at Lexington, Virginia, on 
the second of February last, in his sixty- fifth year. Professor 
Campbell’s scientific work was chiefly in the department of 
Geology, and valuable papers by him on Virginian Geology, 
showing careful field work, are contained in this Journal. His 
last paper is the Review of "the Geological Reports of Professor 
Wm. B. Rogers, the closing part of which is published in the 
present number. He entered upon his professorship at Lexington 
in 1851. He had the affection and respect of his students, “and 
was esteemed by all who knew him for his great excellence of 
character. He leaves several sons and daughters, and one, Pro- 
fessor Harry Campbell is already an active geologist, and has for 
some time been associated with his father in his geological work. 

Geology, Chemical, Physical and Stratigraphical, by JoSs—EPpH PRESTWICH, M.A., 
E.R.S., F.G.S. Vol. i. Chemical and Physical, 478 pp., large 8vo, with colored 
maps and numerous figures. Oxford, 1886. (Clarendon Press.) 

The Fishery Industries of the United States, by G. BROWNE GOODE and his as- 
sociates, U. S. Commission of Fish and Fisheries. Section I, Natural History of 
Useful Aquatic Animals, with 277 plates, making 1 vol. 4to of text of 896 pp. and 
1 vol. of plates. 

Contributions to Canadian Paleontology, by J. F. WHITEAvES. Vol. i, 88 pp., 
with 12 plates on the Invertebrata of the Laramie and Cretaceous of the vicinity 
of the Bow and Belly Rivers, ete. Montreal, 1885 (Dawson Bros.). Geoi. and 
Nat. Hist. Survey of Canada. 

Bulletin of the Chemical Society of Washington, No. 1, Jan. 12, 1884, to Jan. 
14, 1886, 28 pp., 8vo. 

Bulletin of the Scientific Laboratories of Denison University, Granville, Ohio, 
edited by C. L. Herrick, Prof. Geol. and Nat. Hist. Vol. i, with 15 plates. De- 
cember, 1888. Contains a number of valuable geological and paleontological 
apers. 
Obsersauione on the Junction between the Eastern Sandstone and the Kewee- 

naw Series on Keweenaw Point, Lake Superior, by R. D. Irving. Bull. U.S. 
Geol. Survey, No. 23, 1885. 

The Hoosier Naturalist, R. B. Trouslot, Editor, January, 1886, vol. i, No. 6, 
pp. 73-96, 8vo. Valparaiso, Indiana. 
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Art. XXIT.—On Lower Silurian fossils from a limestone of the 
original Taconic of Emmons ; by JAMES D. DANA. 

[Read at the meeting of the American Association at Ann Arbor in August, 
1885.]* 

THE Lower Silurian fossils hitherto reported from rocks of 
the Taconic system have come either from localities to the 
north of the original Taconic area, in the State of Vermont, or 
from others to the southwest of it, in Dutchess County, New 
York. The discovery of fossils which I have now to announce 
was made the present season in a limestone of the original 
Taconic series of Professor Emmons, his ‘‘ Sparry limestone,” 
within a mile and a half of the Massachusetts boundary. 

That the facts may be fully understood as to what is the 
original and, therefore, true Taconic, a brief review of the sub- 
ject is here introduced; for mistakes are still continually made 
by writers on the subject. 

Professor Emmons, in his first account of the “ Taconic Sys- 
tem,’ which makes thirty pages of his Report (in quarto) on 
the Geology of New York, published in 1842,—mentioned as 
the constituent rocks, commencing on the west: (1) “Taconic 
slate,’’ in eastern New York, including the Hoosic slates ;+ (2) 

* Some changes have since been made in order to include the facts from addi- 
tional observations on the fossils and rocks of the region. 

+ Of this division of ‘‘ Taconic slate,” his No. 5, in the tabular statement on 
page 144, Prof. Emmons says, on page 150, ‘‘ No organic remains have been found 
in the rocks; it is even destitute of those obscure markings which are called 
fucoids.” 
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the “Sparry limestone” interstratified with the slates west of 
the Taconic Range and for the most part lying against the west 
side of the range; (3) The “ taleose”” or “ magnesian ” schist 
(as he called it) constituting the Taconic Range, and Greylock 
or Saddle Mountain, the high ridge between Williamstown and 
Adams in the northwestern angle of Massachusetts; (4) the 
Stockbridge limestone, east of the range of Taconic schist ; 
(5) quartzyte. 

He described the prevailing dip of the strata as eastward, as 
luter investigators have done. He made the sparry or western 
limestone older than the Taconic schists, the limestone dipping 
under the schists. The belt of sparry or western limestone 
(sparry is a misleading term and was afterward rejected by 
him) he described as extending through the New York towns 
of Hoosic, Petersburg, Berlin, New Lebanon, Canaan and Hills- 
dale, along the west side of the Taconic Range. 

The above-mentioned series of rocks constituted the Taconic 
System as propounded and described by Prof. Hmmons in 1842. 
He says, on page 186 of this Report: : 

“The Taconic System, as its name is intended to indicate, 
lies along both sides of the Taconic Range of mountains, 
whose direction is nearly north and south, or, for a great dis- 
tance parallel with the boundary line between the State of New 
York and those of Connecticut, Massachusetts and Vermont.” 
He remarks that the rocks extend farther north through Ver- 
mont into Canada, but gives no details about Vermont or 
Canada localities, and adds, ‘‘ It is, however, in Massachusetts, 
in the County of Berkshire, that we find the most satisfactory 
exhibition of these rocks.” 

Prof. Emmons’s declaration, in this first detailed account of 
the system, as to what is the typical Taconic series, must be 
accepted ; and the geological age of these beds—the rocks of 
the original Taconic System—whatever it may prove to be, 
must therefore be taken as the age of the Taconic System. 

The stratigraphical observations of Prof. Hmmons are right. 
But he took a step of questioned correctness when he con- 
cluded in 1842 that the system was mtermediate in age be- 
tween the New York Potsdam sandstone and what he calls the 
“Primary” system lying to the eastward; or, as stated, in 
another place (on page 163) that the rock “appears to be 
equivalent to the Lower Cambrian of Sedgwick.” For the 
criterion of age which he announced, namely: “‘ As a general 
rule, certain minerals are found in particular rocks” was of 
unascertained value; and the facts referred to as a basis of his 
conclusion: that the Taconic quartzyte is interstratified with 
limestone; that the limestones are peculiar in grain; and others 
of related character, are doubtful evidence for separating them 
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from corresponding New York rocks. He says (p. 139), “ we 
find no fossils in the rocks of which I am speaking, and hence 
can derive no aid from that source upon which any reliance 
ean be placed.” He states no case of unconformability with 
the New York rocks. In a later publication he refers to a case 
ef dislocation, as he terms it, in the Hoosic region, but not to 
any of true unconformability. Dislocation, that is, faulting, it — 
is well known, proves nothing as to distinction of system ; ‘and 
the particular facts at Hoosie referred to are proved to be of 
merely local interest, by the general range of facts in the 
Taconic region. 

Through the use of his lithological canon,—Azs, for he was 
the first to announce it—Professor Emmons had identified, by 
1844,* areas of Taconic rocks in Rensselaer County, New York, 
Northern Vermont, Canada; Maine, Rhode Island and Michi- 
gan; and later, in New Jersey, Virginia, North Carolina and 
Georgia; and others have used the canon since with equal suc- 
cess, even sometimes at very long range. 

In saying that such a use of lithological distinctions was un- 
warranted, I mean to assert that geological investigation with 
reference to the canon had not advanced so far as to make its 
application safe, and render it certain that fossils might not 
yet be discovered to upset the conclusion. I mean to assert, 
further, that the conclusion does not now stand against actual 
discoveries of Silurian fossils later than Potsdam that have 
recently been made. 

The history of Taconic geology suggests caution with regard 
to the use of lithological distinctions as evidence of geological 
age. It shows how easy it is, under such prompting, to put 
assumptions for facts, to say “I know” when one ought to say 
“I doubt,” and to build up systems that are likely to fall to 
pieces. 

Professor Emmons, after he had found slates in Washington 
~ County, New York, looking like Taconic, and which he called 
Taconic, made the discovery i in them of ‘trilobites, large trilo- 
bites, which Barrande later pronounced to be Primordial species. 
This was evidence to him that these beds were of later age 
than the typical Taconic, and so he made for them the subdi- 
vision of Newer Taconic. The discovery was a grand one, and 
may well give us a high opinion of Prof. Emmons as a geo- 
logical observer. But the conclusion that the rocks were rocks 
of his Taconic system had not been proved. 

Prof. Emmons, in his American Geology, where he makes 
his latest exposition of the Taconic subject (covering with it 

*Chapter on the Taconic System of his N. Y. Agricultural Report (1846), 
issued in advance of the volume under date of 1844. 

{ *‘ American Geology,” by Prof. E. Emmons. 1855, Part II, p. 40. 
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122 pages of the volume), includes in the Lower Taconie, “as 
developed in Williamstown and Adams ;” the quartzyte; the 
schists of the Greylock ridge and others west; the Stockbridge 
limestone; and, with these, the western or ‘‘sparry”’ limestone 
and the associated slates; that is, all the true original Taconic. 
To the Upper Taconic (p. 49) he refers the black slates and eal- 
careous beds at Haston, Washington Co., N. Y., which, four or 
five miles north of Bald Mountain, afforded him the Pri- 
mordial trilobites; similar slates and limestones at St. Albans, 
with some sandstones. He also includes the slates and lime- 
stone of Poughkeepsie and of the region east of there to 
Sharon, Connecticut—beds which have recently been proved 
to contain abundantly, in some localities, Hudson River, Tren- 
ton and Calciferous fossils (made known from the Poughkeepsie 
slates first by Mr. Nelson Dale, and from the limestones, by 
Prof. W. B. Dwight and the author), and which recent dis- 
coveries of Prof. W. B. Dwight prove to be also in part of 
Potsdam age, as a paper of his, prepared for the present meet- 
ing of the Association, announces.* 
Now the larger part of all that has been written on the 

Taconic question is about the outside rocks—the ‘‘ Newer Ta- 
conic.’ Volumes have been devoted to them which have set- 
tled nothing. Kmmons did not make those Primordial slates 
Taconic by calling them so, any more than Dr. C. T. Jaekson 
made the Red sandstone of the Lake Superior region Triassic 
by calling it so, because the red sandstone of the Connecticut 
Valley had been determined to be Triassic. Should it be sub- 
stantiated that the original Taconic of Emmons is in part of 
Calciferous, Trenton and Hudson River age (that is, Lower Si- 
lurian), what has been gained from the effort to prove the 
Primordial slates of Washington County, N. Y., to be not only 
Taconic in system, but Taconic newer than the original Taconic ? 

We have now unimpeachable evidence—evidence from fos- 
sils—that those Primordial Trilobite beds are not newer than 
the typical or original Taconic; that the limestones of the true, 
original, typical Taconic, on the contrary, are the newer. The 
Lower Silurian fossils here referred to were found, as has been 
stated, in the ‘‘sparry” or western limestone of the Taconic 
System—the oldest limestone stratum of the system according 
to Emmons in 1842. They are from Canaan, New York, the 
town next south of New Lebanon. The Boston and Albany 
railroad, as it crosses the State-line in leaving Massachusetts for 
Albany enters the town of Canaan and its limestone area; and 
the fossils have been collected from a cut along the railroad, 
and from ledges of limestone half a mile south of the road 
and a mile north of it. 

* Published at p. 125 of this volume. 
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The limestone of this belt is mostly a gray, fine-grained erys- 
talline rock, varying to whitish on one side, and to blackish, 
faintly crystalline, on the other. Short lines and blotches, sug- 
gestive of fossils, are common in its grayer portions, but distinct 
forms I had failed to find. Hope was renewed during the past 
winter by receiving, from Mr. D. Clark, of Tyringham, a piece 
of obviously fossiliferois limestone labeled ‘‘ West Stock- 
bridge.” It led to an unsuccessful search in that town in 
which I was aided by Prof. Dwight of Poughkeepsie. On his 
return homeward, Prof. Dwight continued his search in Canaan, 
N. Y., the next town west, and there he had success. This 
careful investigator found fossils in the limestone at two local- 
ities, one at the railroad tunnel, southeast of Canaan Center, 
and the other, half a mile to the south, in a feebly crystalline 
blackish variety of the limestone. I was shortly afterward in 
Canaan for further search and study of the rocks, and also at 
other times later; and I discovered evidences of fossils also in 
the limestone in place two miles east of Canaan Center, on the 
farm of EK. 8S. Hall, but none as distinct as those of the locali- 
ties first visited by Prof. Dwight. 

Prof. Dwight by slicing and polishing has brought to light 
several] determinable species, notwithstanding the metamorphism 
of the rock. The paper following this contains the results of a 
careful study of them by himself and Mr. S. W. Ford; and Plate 
VII, illustrating it, shows at a glance, that this Taconic lime- 
stone is not pre-Cambrian or Cambrian. The species include 
remains of Murchisonias, Pleurotomarias, Crinoids, Fenestellz, a 
Trilobite, and probably of Brachiopods; and multitudes of frag- 
ments not determinable. From the fossils, these authors are 
led to refer the limestone, that is, the part of it affording the 
fossils, probably to the Trenton period. 

Two of the localities affording fossils occur in the main belt 
of the limestone, where it is half a mile to a mile wide, and the 
third (the locality at the railroad tunnel) in a limestone area on 

the west side of an isolated belt of schist or slate, which con- 
nects with the main belt two miles north, near Queechy ; and 
they are all within two miles of the Massachusetts boundary 
and a mile or less from the schist of the Taconic range. The 
distribution of the areas and the positions of the localities will 
be given on the map of Middle and Northern Berkshire which 
I shall soon publish in this Journal. 

At the railroad tunnel the limestone dips eastward at a small 
angle (15° to 20°) beneath the slates; and the locality that has 
afforded the fossils is hardly 200 yards from the overlying 
slates on the east and south. Both of the localities found by 
Prof. Dwight are very near this isolated ridge of schist, that 
of the tunnel limestone on the west of it, and the other ledge 
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near the east side; and they render probable, if not certain, 
the overlying position of the schist in this ridge. 

But the fossils above mentioned are not those of the speci- 
men of limestone received from Mr. D. Clark. That specimen 
was given him by Mr. J. W. Smith, of Canaan-4-Corners, and 
came from the farm of Mr. EH. S. Hall above referred to. Un- 
fortunately, all that is now exposed to view is in three loose 
angular masses, two feet in cubic size and smaller, and not a 
ledge. 
A fourth larger mass was till recently in sight; but it has 

had its upper part removed to a considerable depth below the 
suface in clearing the farm of its rocks, and I was informed by 
Mr. Smith, that in the removal two wagon loads of bloeks were 
carried off, though a large portion was left under the soil. 

‘As the farm was under cultivation through the season, I 
could not have an opening made. An attempt to find the 
underground mass made since I left the region has proved un- 
successful; so that it will have to remain undiscovered until 
another season opens. As to the origin of the four masses, all 
I can say now is that, if transported, they are not probably from 
any point outside of the valley; for they are angular masses, 
little worn, and lie all within fifty feet of one another. As the 
rock is a porous one, it would wear more easily than other por- 
tions of the limestone and hence be likely to be covered with 
soil. 

Although the evidence from these specimens is not yet avail- 
able because of the doubt as to locality, it is of interest to note 
that they are almost identical in character with the fossiliferous 
Wappinger valley limestone (part of Hmmons’s Western Taconic 
limestone) at Pleasant Valley, a few miles northeast of Pough- 
keepsie. Like that, it consists largely of nodules of so-called 
Cheetetes compactus (now shown by Mr. Dwight to be a Soleno- 
pora), which give it the aspect of a conglomerate. Along with 
this fossil, the eye easily detects disks of crinoids, true Cheetetes, 
and in one case a portion of a large Receptaculites, similar to 
that found with the same limestone at Rochdale near Pough- 
keepsie. Prof. Dwight has made slices of the rock and says 
that it contains all of the kinds of fossils occurring in the 
Pleasant Valley limestone, and others observed by him only 
at other localities in that region. There is no doubt of its 
Trenton age. 

In former papers I have presented evidence, gathered by my- 
self and earlier observers, proving that the Taconic range and 
the adjoining limestones on the east and west, constitute, in 
the main, a great synclinal or compound synclinal. It hence 
follows that fossils of the western limestone of Canaan indicate 
the Lower Silurian age of the eastern or Stockbridge limestone. 
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But, more than this, the eastern and western limestones have 
a surface connection. From New Lebanon the western con- 
tinues northward, and three miles to the north (in Stephen- 
town) it stretches on, in a north by east direction, into Massa- 
chusetts, passing in a broad belt through the towns of Hancock 
and Williamstown, as my Berkshire map, above alluded to, will 
show, confirming Professor Hitchcock's map of 1841. Thence 
it extends northward wninterruptedly into Vermont (as the Ver- 
mont geological survey, and my own observations prove), and 
becomes the great central marble belt of that State, passing 
through Bennington, Dorset, Rutland, and to and beyond Mid- 
dlebury. Thus the same Taconic limestone belt that contains 
Trenton and Chazy fossils in Rutland, Vermont and towns 
farther north, as shown by the Vermont Geological Survey, is 
now proved to have Lower Silurian fossils west of the Taconic 
range at Canaan in eastern New York. 

The reading of this paper at the meeting of the American As- 
sociation was followed by remarks by Prof. James Hall and also 
by Prof. N. H. Winchell. Prof. Hall observed rightly that the 
conclusion as regards the Lower Silurian age of the Taconic rocks 
was not new. This fact I have urged in all my papers on the 
Taconic rocks except the present one; and I made it the special 
point of the paper preceding this one, presented in 1882 to the 
Geological Society of London, showing that the conclusion I held 
had been sustained by every geologist who had investigated the 
region and published on it since the Taconic system was first an- 
nounced—W. B. and H. D. Rogers, W. W. Mather, EK. and C. H. 
Hitchcock, and A. Wing. In my Manual of Geology, the bibli- 
ography of the Taconic system is given under the two heads of 
authors sustaining its Lower Silurian age, and those not; and 
among the former is the name of Prof. Hall. 

Unfortunately for the science, Prof. Hall, while one of the fore- 
most to contest the conclusions of Prof. Emmons before the As- 
sociation of Geologists and Naturalists in 1840 to 1845, published 
nothing on the subject ; neither were his remarks before the As- 
sociation published in its brief proceedings. Moreover, no paper 
giving his later opinion has since appeared. In 1884 (September 
13), 40 years after those discussions, I received from him (as a 
sequel to a letter of enquiry as to any publications of his on the 
subject) two plates of stratigraphical sections across the Taconic 
region, prepared by him 40 to 45 years since, showing plainly 
careful labor in the field with reference to settling the debated 
question. This most welcome addition to the facts afforded proof 
conclusive of the synclinal character of portions of the Taconic 
range, as I have stated in a notice of them in volume xxviii (1884) 
of this Journal (p. 311). Ihad also asked him in my letter his 
opinion as to the age of the Hoosic Slates (40 miles north of Ca- 
naan), from which Prof. Emmons and others, in his publications 
later than 1842, had reported Graptolites, this point bearing 
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directly on the age of the accompanying limestones. In his reply, 
as I report in the notice (on p. 312), he said that he was at “ pres- 
ent uncertain as to the precise period of the Hoosic Slates.” Prof. 
C. H. Hitchcock, in 1884, had referred to the fossils as proving the 
Lower Silurian age of the limestone, and in a letter of the 30th of 
January last, says: “I do not recall any fossil there except the 
graptolites.” 

At the time of the earlier discussions in 1840 to 1844,in which 
Professors Hall, Rogers, Mather and others, took part, the only 
Taconic rocks under consideration were, as Prof. Hall remarked 
in a letter to me of last September, those of the true Taconic range, 
as defined in the above paper. I had no part in the discussion; 
in fact, I knew nothing about the Taconic except what I learned 
from the discussions after 1842, owing to my absence from the 
country for the four years previous ; my first published opinion on 
the question is in my Manual of Geology (1863) in which Logan’s 
conclusion was adopted. 

The report of Prof. Hall’s remarks at Ann Arbor implied that 
he spoke of having known of fossils from Canaan 40 years since. 

But, in a letter received soon after, he informed me that he 
was misunderstood and that he referred to fossils from the limestone 
of Hoosic. The graptolites of the Hoosic slates are the only fos- 
sils of that town mentioned by Prof. Emmons or others in the vari- 
ous controversial writings on the subject; and as no notice of any 
fossils in the Hoosic limestone had ever been published, I enquired 
in another letter as to the species, in order to make the argument 
from the facts more satisfactory, but have not yet received the 
desired information. It is to be hoped that they will soon .be 
announced, that the evidence as to the age of the Taconic schist 
may be of the fullest possible character. 

Arr. XXIUI.—Preliminary Report of 8S. W. Forp, and W. B. 
DWIGHT, upon fossils obtained in 1885 from Metamorphic 
Limesiones of the Taconic Series of Emmons at Canaan, V. Y. 
—(With Plate VIL.) 

A. Explanatory statements with reference to the paleontological 
investigations at Canaan, N. Y., by W. B. Dwieurt. 

Iv seems proper to preface the Report on the fossils found in 
1885 at Canaan, N. Y., by a few explanatory statements which 
cannot well be included in that paper. 
My brief paleontological observations in the above mentioned 

district have been made by the valued invitation of Prof. J. D. 
Dana, in connection with his comprehensive study of that por- 
tion of the Taconic range. At the locality where fossils were 
first discovered, about 2400 feet southerly from the railroad 
tunnel, only the smaller organisms have as yet been detected. 
These are very difficult to observe, and therefore to collect, 



From the Taconic Series at Canaan, NV. Y. 249 

especially when obscured by the dust of a fresh fracture. The 
difficulty is much increased by the fact that the ledge is in the 
shade of thick woods. 

In this place I have noticed only one general phase of the 
rock, that of a massive heavy-bedded limestone, which in many 
parts has been broken into small fragments and re-cemented by 
a close network of veins. Although this is a discouraging 
point for collection, on account of the rough, moss-covered 
character of the crags, in addition to other difficulties already 
mentioned, yet it has proved as rich in the smaller organisms 
as the tunnel locality, if not richer. 

At the western end of the railroad tunnel, the features are 
somewhat different. There is more open ground, and the col- 
lecting is far easier. In addition to many of the smaller organ- 
isms, there are quite a number of large conspicuous fossils. 
There is also more variety in the texture of the rock than in 
the first mentioned locality. The narrow fossiliferous belt which 
trosses the western roof of the tunnel, presents two varieties; 
for the width of a few feet along the extreme western edge, the 
rocks are generally light-colored, quite calcareous, schistose, 
and inclined to produce in weathering, quite smooth, whitish 
surfaces. These portions contain the larger and more promi- 
nent fossils. The strata lying more above and to the east, are 
darker, and though highly calcareous, yet much interspersed 
with delicate shaly or arenaceous layers. In these portions, 
more particularly where the texture 1s somewhat shaly, there 
are films crowded with crinoida! fragments, and delicate gas- 
teropods. The lighter-colored strata do not, however, appear 
to be quite destitute of such fossils as abound in the others, and 
I find no good reason for supposing that there is any distinction 
here of stratigraphical value. 

Without extensive application of the processes of polishing 
and making transparent sections of the specimens here collected, 
it would have been impossible to have arrived at any satisfac- 
tory knowledge of the fauna present. 
My paleontological observations at these localities have been 

brief and entirely preliminary. Having visited the place only 
on three separate days, I have spent, in all, not more than eight 
or nine hours at these fossiliferous localities. That so large 
and interesting a collection should have been made in so _ brief 
a time shows how numerous must be the remains still pre- 
served in this crystallized rock. 

In view of the difficult and fragmentary character of the ma- 
terial, even after I had most thoroughly developed it, it has 
been a great gratification to me that Mr. 8. W. Ford has con- 
sented to participate in the final examinations, and in making 
a joint report. 
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B. Joint Report on the Fossils. 

The fossils which form the subject of this joint examination 
and report were collected by W. B. Dwight on the days of 
June 12th, June 23d and October 31st, 1585, at the following 
localities of metamorphic limestone: (1) The western roof of 
tunnel No. 192 of the Boston and Albany R. R. at Canaan, N. 
Y.; and (2) a ledge situated about 2400 feet southerly from the 
above tunnel. Subsequently, a few slabs of fossiliferous rock 
from the ae were sent from Canaan through Professor 
Dana, which have furnished us considerable additional inter- 
esting material. From similar limestone obtained during the 
same season by Professor Dana, on the farm of EH. 8. Hall, about 
two miles northeast of the tunnel, we have also obtained some 
evidence of organic structure. Although a thorough paleonto- 
logical study of the region has not yet been made, and our 
report must therefore be regarded as only preliminary, enough 
has nevertheless been seen to convince us not only of the Lower 
Silurian age of the strata, but to enable us to fix, with a con- - 
siderable degree of probability, their exact horizon. 

Hvidences of the extensive metamorphism of the strata have 
been constantly met with. The rock, though often abounding 
in fossils, yet presents them, for the most part, under such con- 
ditions as to render their determination a matter of extreme 
difficulty. The organisms are, to a great extent, in an exceed- 
ingly comminuted state, and frequently present the appearance 
of having been partially dissolved. Many hand specimens of 
the limestone, and especially transparent sections of it made 
with much care, appear to strongly indicate the former semi- 
fluidal condition of portions of the strata. In other cases, how- 
ever, where the rock has been less altered, the fossils are quite 
perfect and sharply defined. The greater portion of the speci- 
mens which we have studied, have been brought to light by 
means of polished surfaces and transparent rock slices, although 
a number of them are large and conspicuous fossils. In view of 
the important bearing of the facts with which we have had to 
deal, we have exercised great care in our examinations and 
have spared no pains in our endeavors to arrive at safe conclu- 
sions. 
We have found, in the material under consideration, the 

following organisms. 
EcHINoDERMATA.—The majority of the slices and polished 

surfaces prepared by Professor Dwight from the layers in which 
the smaller organisms occur, are replete with fragments of small 
crinoidal columns of forms similar to those so frequently met 
with in well-known localities of the Trenton limestone. Fig- 
ures 1 and 2 of Plate VII, of which the first is a transparent 
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section and the second a polished rock surface, illustrate this 
fact, and are not exceptional in character. Other slides show 
these features less perfectly, while in still others their definition is 
even sharper, as in figs. 3 a—b. This latter form we think may 
represent the column of some known species of Heterocrinus. 
Associated with it there occur the forms shown in figs. 3 ¢-/, 
which we look upon as joints of encrinal stalks ; also the forms 
represented by figs. 3 g-j, which we are disposed to regard as 
more or less oblique longitudinal sections of the sarne or similar 
columns. All of the forms illustrated by figs. a-7, have been 
brought out by means of transparent rock slices, and so strongly 
resemble, in many respects, certain forms shown in similar 
slices of limestone of undoubted Trenton age, that we can 
scarcely doubt the correctness of our interpretations of them. 
Forms 8 g—, which are quite common, proved extremely 
puzzling, and have been referred as above only after much 
laborious comparison. 

In the same layers affording the fossils just mentioned, there 
occur other and larger forms, which appear to us to be likewise 
erinoidean, with a strong probability that they represent the 
Re ene species found so abundantly in the Trenton at 
Newburgh, N. Y., known as Cleiocrinus ies Pine 
1) sections of several of : s 
the supposed columns of this spe- 
cies are shown in figs. 4 e-7 in- 
elusive, and portions of several 
columns, an inch or more in 
length, are shown in figs. 4 a—d. 
The absence in these forms, of 
the minute details of structure so 
admirably exhibited in the New- 
burgh specimens, forbids our 

reaching entirely satisfactory Peon Crinoids om Newer No Y, 
clusions as to their identity; but noturat size-—Nos. 1, 2 and 4, Clei- 
the general form of the Canaan  ocrinus magnificus (Billings). No. 1, 

specimens, their size, thickness ©24 view of a specimen which is 
of walls, more or less crystalline Oe ene can Maa uae es esa “) ened within by incrustation. No. 
radiating structure, as shown in 2 is somewhat compressed in a ver- 
the transverse section (fig. 4 e} so tical plane. No. 4 is broken open 
characteristic of crinoidal col- Pei ea atten ee 
umns; their surface markings view of a very perfect specimen, 
which, upon such weathered spec- giving all the characteristic features. 

imens as represented by figs. 4 a,b and d seem indicative of 
close transverse joints, and “the evident occurrence of encrinal 
columns of large size associated with the smaller ones, as in 
fig. 2, all point toward such identity. Some of the columns 

* Geological Survey of Canada, Decade IV, page 54, Plate 5, fig. 3 



952 8S. W. Ford and W. B. Dwight—Fossils obtained 

of C. magnificus collected at Newburgh are flattened so as to 
present a transverse section precisely like that shown in fig. 
4 7% For the sake of comparison we have introduced in 
the text figures illustrative of the columns of C. magnificus and 
C. grandis from the Newburgh locality. Fig. 5 represents a 
portion of the column of another species probably of the same 
genus, which is chiefly remarkable for the slenderness of its 
transverse joints. Of these there appear to have been not far 
from 112 in the space of an inch. The specimen was obtained 
by grinding down the surface of a small fragment of the 
Canaan limestone, which abounds in other organisms. It is 
possible that this fragment may represent a new species of 
Cleiocrinus, and should it turn out to be so, we propose to call 
it Cleiocrinus Billingst. 

Associated with the forms above described there occur sev- 
eral others (figs. 6 a-g) all of which may possibly represent 
portions of large encrinal columns; but as we do not feel satis- 
fied that they are organisms of this nature, and are unable, at 
the present moment, to refer them with certainty to the Cepha- ~ 
lopoda or any other class, we have decided to leave the ques- 
tion of their exact relations an open one. If Cephalopoda, the 
apparent absence, in all of the examples, of undoubted septa is 
noteworthy and remarkable. It is barely possible that the 
oblique lines seen in the interior of fig. 6 a, and those crossing 
6 e may indicate septa, but we cannot feel sure upon this point. 
In one example (fig. 6 /) there are faint indications of the pres- 
ence of a siphuncle. Some of the specimens, as for example, 
figs. 6c and 6 d suggest a comparison with the opercula of 
Maclurea magna ; and we herewith gladly express our obligations 
to Prof. H. M. Seely, of Middlebury College, Vermont, for his 
kindness in generously supplying us with beautiful specimens 
of such opercula for comparison during our investigations. 

In the specimen represented by figs. 7 a, 6, there are shown 
upon one side (fig. 7 a) certain more or less definite markings, 
which very possibly indicate original structure; but we are in 
doubt as to whether such is really the case. If the markings 
noticed really represent original structure, they suggest a com- 
parison of the form with specimens of the opercula of Maclurea 
magna now before us. It is quite possible, however, that the 
specimen is only the column of a Clezocrinus, or rather a portion 
of one, in which event the markings spoken of might represent 
the edges of distorted disks. 
Bryozoa.—The only specimen referable to this class that 

we have recognized among the Canaan fossils, is that shown in 
figs. 8 a,b. It was discovered upon the surface of a freshly 
broken fragment of dark colored, richly fossiliferous limestone, 
and is very well defined. A careful study of it has led us to 
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the conclusion that it is most probably a species of enestella 
or some closely related generic form; but its specific determin- 
ation has not been found possible. The specimen is principally 
interesting as showing that very delicate organic structures 
have been preserved in a limestone which is, for the most part, 
so highly metamorphic, that nearly every vestige of fossils has 
been obliterated; and further, as an indication that, at some 
favored locality in this limestone, a large and well-preserved 
suite of decisive specimens will yet be obtained. 
BrACHIOPODA.—F ig. 9 appears to us to represent, most prob- 

ably, the cross section of a brachiopod of about the size and 
form of the well-known Trenton species Orthis occidentalis. It 
was discovered by polishing a surface of the dark Canaan 
limestone, and is associated with other organisms. Similar, 
though less convincing sections, on which we have put the 
same interpretation, have been observed in other slices which 
we have studied, and are probably of the same nature. Apart 
from these examples. however, no forms certainly referable to 
the Brachiopoda have been obtained from the Canaan lime- 
stones, unless some of the structures exhibited in figs. 3 f, 7, 
represent sections of the ribs of small Orthide, or allied forms, 
which may possibly be the case. 
GAsTEROPODA.—The fossils of this class furnished by the 

Canaan limestones, afford the most decisive testimony concern- 
ing the age of the rocks in question of any that we have exam- 
ined. ‘They occur in considerable numbers in certain portions 
of this limestone, associated with comminuted erinoidal remains 

and other organisms, and are well shown both in transparent 
rock-sections and upon carefully polished surfaces of ordinary 
hand-specimens (see fig. 1). We refer the majority of the 
forms met with to two species, one of which (figs. 10 a—:) appears 
to be, with but little doubt, the Pleurotomaria subtilistriata of 
Hall (Pal. N. Y., vol. i, p. 172, pl. 37, figs. 5 a-d); and the 
other (figs. 11 a—/), with even less doubt, the well-known Tren- 
ton species Murchisonia gracilis (Pal. N. Y., vol. i, p. 181, pl. 
39, figs. 4 a-c ; ibid, p. 303, pl. 83, figs. 1 a-c). Professor Hall 
states, in his description of P. subtilistriata, that the majority of 
the specimens are so small as to be scarcely visible to the naked 
eye; and we have found this true of the Caanan species. This 
Species appears abundantly in sections of the Rochdale Tren- 
ton, and slices from the two localities, placed side by side, 
apart from the apparent absence in the Canaan rock of the 
common Rochdale coral Solenopora (Cheteles) compacta, are 
practically undistinguishable. 

Associated with the above species there occur the forms 
shown in figs. 12, 18, 14 and 15, which we look upon as prob- 
ably representing other species of Gasteropoda, but are unable 



254 SS W. Ford and W. B. Dwight—Fossils obtained 

to make any sure assignment of them. Fig. 18 is quite possi- 
bly a partial transverse section of a shell belonging to the 
group above referred to Pleurotomaria subtilistriata but is not 
sufficiently definite to enable us to decide this point. Forms 
14 and 15 we have simply figured as they appear in polished 
sections, but prefer for the present, to make no definite disposi- 
tion of them. They seem to be either distorted forms, or acci- 
dental combinations of independent structures. 
CrusTacEA.—The single fragment of the free cheek of a 

trilobite shown in fig. 16, is the only fossil of this class thus far 
obtained from the Canaan limestones. We think that it may 
represent the genal spine of some such species as Asaphus 
megistos. 

Fig. 17 apparently represents a coral, which we think, is 
likely to be the Cheetetes lycoperdon. It is a portion of a trans- 
parent rock section taken from limestone collected by Professor 
Dana upon Hall’s farm above mentioned. We have been led 
to suspect the presence of corals, very much altered, among the 
organisms from the other localities; but have found nothing as ~ 
definitely outlined as the specimen figured, that can be safely 
regarded as of this nature. In several of the slices we have 
also detected what appears to us to be a Stromatoporoid form. 

Concluding Remarks. 

Judging from the facts above presented, we strongly incline 
to the opinion that the limestones of Canaan, N. Y., which 
have afforded the fossils in question, are of Trenton age. We 
are unable to assert positively that the three Trenton species 
Cleiocrinus magnificus, Pleurotomaria subtilistriata, and Murchi-— 
sonia gracilis have been identified among the organisms ob- 
tained from these limestones; but we neverthless feel very 
confident that the forms which we have recognized as probably 

such, will turn out to be what we have considered them. We 
consider it safe to affirm that one species, the Wurchisonia gra- 

cilis, has been recognized with so much probability, that its 
identification may be regarded as established with as much 
certainty as is possible from a study of sections alone; and we 
feel almost equally confident in regard to the Pleurotomaria 
subtilistriata. It should be remembered that the more decisive 
forms brought to our notice, have been presented to us, with 
but few exceptions, either in polished surfaces or transparent 
rock-sections; and that the difficulties in the way of correct 
determination have been, in consequence of this, greatly in- 

creased, as compared with determinations undertaken in the 
usual manner. We present this brief paper hoping that it may 
serve to throw additional light upon a much debated region, 
and lead to the development of still more convincing paleonto- 
logical testimony concerning the precise age of its strata. 
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EXPLANATION OF PLATE VII.— Fossils from Canaan, N. Y. 

All the figures are of the natural size except where otherwise described. 
Fig. 1—A transparent section, from the upper dark colored layers at tunnel 

No. 192; containing abundant fragments of crinoidal stalks, and a number of 
small gasteropods, probably Pleurotomaria subtilistriata. 

Fig. 2.—A polished surface of a specimen from the darker layers at the tunnel, 
filled with sharply defined fragments of small crinoidal columns; containing also 
several pieces of joints of large erinoids of the Cleiocrinus type. 

Fig. 3a —A sharply defined vertical section of a crinoid stalk, apparently of the 
genus Heterocrinus; from a transparent slice of a specimen from tne tunnel. 30. 
Same as 3a, but twice the natural size. 3c-g. Joints of crinoid stalks, all trans- 
parent sections; c and d, are from the locality 2400 feet southerly from the 
tunnel; the remainder are from the dark layers of the tunnel. 3 h-j, doubtful 
organisms in transparent sections from the tunnel; probably crinoidal fragments 
(compare with 39), though possibly oblique sections of brachiopod shells. Figs. 3, 
e—j, are twice the natural size. 

Figs. 4a-d.—Large organisms in relief upon weathered surface of the lower 
lighter colored layers of limestone at the tunnel. Probably large encrinal stalks 
of the Cleiocrinus type. 4e-i. Horizontal sections, probably of large crinoidal ~ 
stalks of the Cleiocrinus type; these appear conspicuously on the surface of the 
lighter-colored layers at the tunnel. The two separate portions of specimens 4g 
and 7 are on opposite sides of their respective fragments, and are separated by 
about a quarter of an inch of rock. 

Fig. 5.—Portion of a crinoidal stalk, apparently of the genus Cleiocrinus, with 
about 112 joints to the inch; proposed specific name, Billingst. On a polished 
surface, from upper layers, at the tunnel. 

Figs. 6a—g.— Various conspicuous, but very doubtful organisms from the lower 
and lighter layers at the tunnel; presenting features of crinoids, but some also 
suggesting Orthocerata. 6a. Shows possible indications of septa. 67 Shows a 
possible siphuncle; a cross-section of each extremity is given. 6g. A cross- 
section of the smaller extremity, so far as preserved, is given. 

Figs. Ta and b.—The opposite sides of a doubtful organism from the weathered 
surface of the lower layers at the tunnel. ‘Ta. Showing the polished surface of the 
shell on that side, exhibits what may be lines of structure, about 70 to the inch, 
variously curved. 

Fig. 8a.—Fenesitella? sp.? From dark layers at the tunnel. 806. Same, x 2. 
Fig. 9.—Apparently a horizontal section through the hinge of a large brachio- 

pod, like Orthis occidentalis. On a polished surface, from the tunnel. 
Figs. 10a—7.—Pleurotomaria subtilistriata probably; 6 and e are twice the 

natural size, and are taken from a transparent slice from the upper layers at the 
tunnel; d is from another transparent section from the locality 2400 feet south- 
erly from the tunnel. a,c, f, 4 and 7, are all from a polished surface of a single 
small specimen from the tunnel, upper layers. g is from another polished surface. 

Figs. 11 a-f—Wurchisonia, probably JL gracilis, a, b and d, are all exhibited on 
polished surfaces from the tunnel, upper layers, a and d occurring in the same 
specimen with the Plewrotomarias a,c, f,h and7. lle and f are the more promi- 
nent ones in a confused group of Murchisonia, seen in a transparent section from 
the locality south of the tunnel. 

Fig. 12.—Partial vertical and horizontal sections through a single gasteropod 
(Pleurotomaria?) from the tunnel. 

Fig. 13.—A partial vertical section passing nearly through the center of a 
gasteropod, exhibited on the polished surface of the specimen from the tunnel 
containing the Plewrotomarias, a, c, f, h and 7. 

Fig. 14.—Probably fragments of one or more gasteropods; polished section from 
tunnel. 

Fig. 15.—Doubtful specimen from the same polished surface as fig. 13. : 
Fig. 16.—Genal spine of trilobite, perhaps Asaphus megistos. From upper 

layers at tunnel. Exhibited naturally on a freshly fractured surface, being itself 
nearly black. 

Fig. 17.—Apparently a fragment of a coral, perhaps ‘‘ Cheetetes lycoperdon.” In 
a transparent slice of a hand-specimen of limestone collected by Prof. J. D. Dana 
on Hall’s farm, Canaan, N. Y. 
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Arr. XXIV.— On Surface Transmission of Electrical Dis- 
charges ;* by H. S. CARHART. 

THe Report of the Commissioner of Patents for 1859, volume 
‘“ Agriculture,” contains an important but little known contri- 
bution by Professor Joseph Henry on ‘ Atmospheric Elee- 
tricity.” Under the head of “ Hlectricity in Motion” occurs 
this passage :—“ If the discharge be not very large in propor- 
tion to the size of the conductor, it will principally be trans- 
mitted at the surface. If the charge be very large, and the 
conductor small, it will probably pervade the whole capacity, 
and, as we have seen, will convert into an impalpable powder 
or vapor the solid particles.” Of the latter statement abundant 
demonstration has recently come under the writer's notice To 
settle the former point the author of the paper alluded to 
instituted a series of experiments, only one of which is described. 
It is fair to infer that this one was deemed the most conclusive. 
The arrangement in his own words was as follows: “C Disa 
GOON OA? WHRD-6 5 6 6 e of the size usually employed for ringing 
door-bells, passing through the axis of an iron tube, or a piece 
of gas-pipe, about three feet long. ‘he middle of this wire was 
surrounded with silk, and coiled into a magnetizing spiral, into 
which a large sewing needle was inserted. The wire was sup- 
ported in the middle of the tube by passing it through a cork 
at each end, covered with tin-foil, so as to form a good metallic 
connection between the copper and the iron. F and Y are two 
other magnetizing spirals of iron wire, on opposite sides of the 
tube, the ends soldered to the iron. When these two spirals 
were also furnished with needles and a discharge from a Leyden 
jar sent through the apparatus, as if to pass along the wire, the 
needle inside of the iron tube was found to exhibit no signs of 
magnetism, while those on the outside presented strong polarity. 
This result conclusively shows that, notwithstanding the interior 
copper wire of this compound conductor was composed of a 
material which offered less resistance to the passage of the 
charge than the iron of which the outer portion was formed, 
yet when it arrived at the tin-foil covering of the cork, it di- 
verged to the surface of the tube, and still further diverged 
into the iron wire forming the outer spirals.” 

Several years since I repeated this experiment apparently 
with the result described above. Doubt was cast on the demon- 
stration, however, by the discovery in one trial that the inner 
needle was slightly magnetized. 

*Read before the American Association for the Advancement of Science, 
August 27, 1885. 
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It is evident that the experiment is not conclusive, for the 
arrangement described constitutes a divided circuit in which 
one branch, consisting of the gas-pipe, presents much less resist- 
ance than the interior copper wire. The greater part of the 
discharge should accordingly pass along the gas-pipe, and the 
magnetization of the interior needle would be so slight as to 
escape detection unless a delicate method of examination were 
employed. 
The matter seemed to be of sufficient importance to justify 

an experimental inquiry. The investigation has been more 
extended than was anticipated, because it has met with greater 
difficulties than were at first apparent; but the results obtained 
are of considerable interest, and the conclusion of the whole 
matter settles the main question. 

The following arrangement of apparatus was adopted. ‘T'wo 
glass tubes about 15™™ in diameter were covered with tin-foil 
for a length of about one meter each. About the tin-foil at 
each end was secured tightly a copper clamp. ‘T'wo similar 
magnetizing spirals were made by winding twenty turns of 
gutta-percha-covered wire round small glass tubes. One of 
the spirals served to connect the two tin-foil coatings in series 
by having its terminals soldered to the copper clamps. The 
other formed the middle of a circuit extending through the 
inside of the tubes. The two conductors were then joined at 
the remote ends of the glass tubes so as to form a divided 
circuit,—one of the tin-foil and connecting helix, the other of 
the wire passing through the inside of the tubes and containing 
the other helix. The two branches were adjusted to very accurate 
equality of resistance. ‘Through this compound circuit a Leyden 

_jar was discharged; and the method finally employed to 
measure the relative portions of the charge passing through 
the two branches was to determine the magnetic moment im- 
parted to two similar rods of steel, 1°8"™ in diameter and 6™ 
long, tempered glass-hard, one inserted in each spiral. ‘The 
Leyden jar of about 700 square centimeters surface was charged 
by a Holtz machine with fifteen sparks from two to three 
centimeters in length. The magnet in the inner branch of the 
divided circuit will be called A; the one in the outer, B. 
What Hughes calls “the evident magnetism” of A was in 

every case greater than that of B after a single discharge of the 
jar. Upon “sending repeated discharges through the circuit, the 
ratio of the two magnetic moments gradually diminished and 
the moments themselves approached a maximum, as is shown 
in fig. 1, where the ordinates denote magnetic moments and 
the abscissas discharges of the Leyden jar. The moments 
in arbitrary units are simply fractional parts of the deflection 

Am. Jour. Sc1.—Tuirp Serius, Vou. XXXI, No. 184, AprRin, 1886. 
; 17 
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of the magnetometer, consisting of three pieces of magnetized 
watch spring attached to the back of a plane mirror. This 
small magnet was about one centimenter long; and, with the 
attached mirror, was suspended by a cocoon fiber 10™ long, 
after the manner described by Gray.* The deflections were 
read by a telescope and scale at a distance of 1:8", though this 
distance varied somewhat in the different sets of experiments, 
inasmuch as the only quantitative comparisons made were 
between each pair of magnets used in the magnetizing spirals. 
The maximum moments were usually attained at ten dis- 
charges, the magnetization of the two rods being then pretty 
nearly equal. 

After this nearly stationary condition had been reached, some 
unexplained facts led to an exchange of the two magnets in 
the spirals, keeping them turned so that a subsequent discharge 
would still magnetize them in the same sense as before. A 
single discharge of the Leyden jar then sufficed to increase the 
magnetic moment of B from 50 to 60 per cent, and to diminish 
that of A about half as much, as shown in fig. 1. This was _ 
repeated many times with the same invariable result. Con- 
tinuing the discharges the ordinates of both curves increased 
asshown. After the magnetization of both rods had approached 
an apparent maximum, therefore, the mere exchange of the 
magnets in the spirals was followed by this striking result. 

HE Ee 
EEREMEENME 
BHERERGRR SEL 
BS OKCC LC 
PRP REBACE 
OER 
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Not finding any information alana me to an explanation of 
this curious behavior of the magnets, I sought it by an exami- 
nation of the physical condition of the magnets themselves 
after they had reached the maximum of magnetic moment with 
ten discharges. The outside was gradually eaten away with 

*“« Absolute Measurements in Electricity and Magnetism,” p. 6. 
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nitric acid, the magnets weighed after each immersion in the 
acid, and their magnetic moments determined. The results of 
this process with one pair of magnets are plotted in fig. 2, in 
which the ordinates are magnetic moments and the abscissas are 
weights in units of fifty milligrams. The curves therefore 
represent magnetic moments decreasing with weights. It will 
be observed that the moment of A decreases from the first 
continuously, while that of B first rises to a maximum and 
then falls according to the law exhibited by A. These curves 
afford a complete explanation of the anomalous deportment of 
the magnets upon exchanging them in the coils. B has a thin 
external shell magnetized in a sense opposite to that of the 
underlying portions. When B takes A’s place, this external 
magnetism is reversed by the first subsequent discharge and 
made similar to the underlying portions ; while A, being placed 
under B’s former conditions, suffers a reversal on the exterior, 
thus losing in resultant magnetic moment, or “evident mag- 
netism.” When the magnets are examined after a single dis- 
charge of the Leyden jar they give rise to exactly similar 
curves, except that the reversed portion of curve B is some- 
what longer. 

An examination of the conditions under which an oscilla- 
tory discharge takes place, and particularly of the formula for 
the period of an oscillation, will throw hight on the reversed 
eurve of B. ‘The first mathematical discussion of electrical 
oscillations was by Sir William Thomson in 1853)* and was 
founded on the ‘‘equation of energy.” Kirchhofft+ subse- 
quently arrived at similar equations by introducing into the 
expression for the electromotive force a coefficient of self-in- 
duction. Later writers, Chrystal,t Mascart and Joubert,§ have 
followed the method of Kirchhoff. These investigations show 

that the discharge will be oscillatory when Rc 

R is the resistance of the discharger, L the coefficient of self- 
induction, and C the capacity of the principal conductor. The 

VR? 
TGnane: When R 

is very small, the period of an oscillation is proportional to 

VLC. In all my experiments the greatest value of R, not 
including the air resistance of the spark, was 0°58 ohm. We 
may, therefore, for our purposes consider the period of an 
oscillation jointly proportional to the square root of the ca- 

Ali 
Gin which 

Otol AMAZE 
period of an oscillation is — where n= 

n 

* Mathematical and Physical Papers, vol. i, p. 540. 
+Gesammelte Abhandlungen, ‘‘Zur Theorie der Entladung einer Leydener 

Flasche,” p. 168. 
+ Encyclopzedia Britannica, vol. vill, p. 81. 
$ Electricity and Magnetism, vol. i, p. 512, English edition. 
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pacity of the principal conductor and of the coefficient of self- 
induction. This inference, so far as it relates to the capacity 
of the principal conductor, was confirmed by some experiments 
of Helmholtz in 1869.* 

The bearing of the duration of an oscillation on the reversal 
of the superficial magnetism is that the mean intensity of the 
current during the first period is inversely proportional to the 
length of the period, since the whole quantity of electricity on 
the principal conductor is discharged during this short interval. 
Then the magnetic moments, being nearly proportional to the 
current strength, so long as the saturation point is not ap- 
proached, will therefore vary inversely as the periods of an 
oscillation, or inversely as the square root of the coefficients of 
self-induction, in the two branches of the discharger, even 
though the quantity discharged through the two branches is 
the same. ‘lhe magnetic impulse of both the direct and re- 
verse oscillatory discharge is greater the smaller the coefficient 
of self-induction in the discharger. 

In the experiments thus far described no care was taken to 
make the coefficient of self-induction in the two branches equal 
to each other. The inner branch was of copper wire longer 
than the glass tubes, and coiled into a long helix with the con- 
secutive turns far enough apart to prevent a spark from leaping 
across. This disposition of the wire increased largely its self- 
induction. The timeof an oscillation through it was therefore 
greater than in the outer branch, and the magnetic effect of the 
weaker current less, while the whole quantity discharged 
through the two branches was the same. Not only then was 
the mean magnetic moment of B greater than that of A, but 
the effect of the return discharge was sufficient to produce a 
reversal of magnetism in B near the surface. 

These conclusions are fully confirmed by experiments made 
with a new arrangement of apparatus, so devised that the 
coefficients of self-induction in the two branches should be as 
nearly equal as possible; while at the same time their capaci- 
ties were made more nearly equal than before, in order to elim- 
inate any possible effect on the period of an oscillation arising 
from dissimilarity in this respect. 
Twot large tubes, 22™" in diameter, were covered with tin- 

foil for a combined length of 265. Two other tubes 15™™ in 
diameter, were also covered for a combined length of 296, 
and the smaller tubes were placed inside the larger ones. One 
of the magnetizing spirals was made to connect the outer tubes 
in series, and the other, the inner ones, the other ends of the 
tin-foil conductors being joined by means of copper clamps and 

* Wissenschiftliche Abhandlungen, ‘‘ Ueber Elektrische Oscillationen,” p. 531. 
+ These experiments were made after the reading of the paper at Ann Arbor. 
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short pieces of wire, so as to make a divided circuit of two 
branches as before. The cross-section of the tin-foil conductor 
on the inner tube was made as nearly as possible equal to that 
of the outer, so that equality of resistances was secured without 
introducing materially different lengths of wire into the two 
branches. ‘The resistances in every case were adjusted to equal- 
ity by means of a sensitive mirror galvanometer and a Kohl- 
rausch bridge. 

_ With this apparatus the magnetic moments of two magnets 
of equal weight, cut from the same steel rod and tempered 
together, are almost exactly equal; and the curious phenome- 
non exhibited in fig. 1, when the magnets exchanged places in 
the two coils, very nearly disappears. What is perhaps more to 
the purpose, the lateral distribution of magnetism in the two 

magnets is practically identical. ‘T'wo steel rods as before were 
placed in the magnetizing spirals; and after ten discharges of 
the Leyden jar, an examination was made by gradually remov- 
ing the outer shell with nitric acid and determining the mag- 
netic moment after each removal of about 50™%°. The two re- 
sulting curves, shown in fig. 3, are nearly identical. Both 
show the same superficial reversal of magnetic polarity. In 
fact, if curve B is rotated clock-wise through a small angle 
round its highest point it will coincide with that of A. The 
depth to which this reversed magnetism extends depends, there- 
fore, almost entirely on the coefficient of self-induction of the 
discharger, the principal conductor ; 3! 
of definite capacity being charged a ae 
to a given aS eacl When cn “ORES Ce 
only dissimilarity between thetwo [7] [BLT NTLLLEL1, 
branches of a divided conductor is ene 
that one is placed inside the other, i ee a 
there is no dissimilarity in the eee aan 
quantity or distribution of the 
magnetism produced in similar aa\see6 
coils in the two branches by a 
discharge through the compound 4 CARE 
circuit. There is no evidence of 
a tendency toward surface trans- 
mission. The law of resistance 
pertaining to dynamic currents 
applies also to electric discharges. 
The resistance is a function of the area of the cross-section 
and not of the periphery of the cross-section. 

A practical bearing of the investigation is that there is no 
sufficient scientific basis for making lightning conductors of 
large surface ; and that large sectional area in essential to ample 
conductivity. 

Evanston, Ill. 

Sealer aiealet aia 
SEnBneuAGEE 
Bowe moe oso 
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ArT. XXV.—The Minerals of Litchfield, Maine; by F. W. 
CLARKE. 

In Kennebec County, Maine, along and near the boundary 
between the towns of Litchfield and West Gardiner, are scat- 
tered many bowlders of an eleeolite rock. For many years 
these have yielded to collectors of minerals superb specimens 
of blue sodalite, yellow cancrinite and zircon; but although’ 
the parent ledge appears at several points, it seems nowhere to 
have been opened. In addition to the minerals already men- 
tioned, the bowiders contain albite, lepidomelane, a black min- 
eral resembling columbite, a flesh-colored mineral which has 
been called indiscriminately elzeolite or cancrinite, and a mas- 
sive alteration product known to local collectors under the pro- 
visional name of ‘white sodalite.” Although specimens from 
the locality are widely distributed in cabinets, some of the 
minerals seem to have been but partially described ; and I have 
therefore thought it worth while to study them somewhat 
closely. The supposed columbite I have not examined, for 
want of material; the zircon I have omitted, since it has been 
sufficiently studied by Gibbs ;* but the sodalite and cancrinite, 
although they had been well analyzed by Whitney,t I have 
included in my investigation, for reasons which will appear 
below. 

ELAZO.wItTeE. 

This species occurs abundantly in Litchfield and West 
Gardiner in characteristic, dark gray, cleavable masses of 
strong greasy luster. Since it is the typical mineral of its 
group, and as I can find no published analysis of it from this 
locality, the following results may have value as a matter of 
record. 

DeTs Oy S08 i ips a gai MO Se eee 86 
Pod © Mums ber MENON at | UME Orarl SAQENL 2 as 43°74 

TNE @ eon eee teat eeelatsage uae, bai! 34°48 
OLN G Messtesecrelgy aul ee hein Aan eae ee 2 NMG AIKED 
Mig Ose ayes Up ame NE: Sg be DATS trace 
KO be a ne se ears eee eet eae 4°55 
Na. O72 oT ec tines ees 16°62 

100°25 

The specimen analyzed contained minute inclusions of black 
mica, but not enough of them to notably affect its composition. 
The analysis agrees fairly well with the published analyses of 
eleeolite from other places. 

* Poggend. Annalen, Ixxi, 559. + Poggend. Annalen, lxx, 431. 
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CANCRINITE. 

This mineral is one of the most abundant and characteristic 
at the locality, and varies considerably in appearance. ‘T'wo 
analyses of it were made by Whitney, one of the yellow vari- 
ety, the other of a greenish modification. I have myself seen 
nothing to answer to the latter description, but have selected 
three typical samples for investigation. They may be briefly 
described and indicated as follows: 

A. Bright orange yellow, with strong luster and cleavage, trans- 
parent in thin fragments. 

B. Dirty pale yellow, less lustrous, highly cleavable, also trans- 
parent in thin fragments. 

C. Bright yellow, granular. The commonest variety. 

For ease of comparison I have tabulated the analyses side by 
side with Whitney’s; indicating his yellow cancrinite by ‘ D,” 
and his greenish variety by ‘ H.” The carbonic acid determi- 
nations were made for me by Mr. R. B. Riggs, who used the 
Gooch tubulated crucible, and collected the gas evolved directly 
in a potash bulb. 

A 5 Bi C. D. H. 

IONE metas 36°29 35°83 37°22 37°42 37°20 
IANO Nees 30°12 20:45 98:32 27-70 27°59 
ae oul ti ace trace trace l 36 2H 

CaAOeee = 4°27 5°12 4°40 3°91 5°26 
INC Oy ese = 19°56 19°33 19°48 20°98 20°46 
REO inhi 18 09 18 67 55 
Mic Oy a 45)2 aoe ea ee ‘07 =the zB 
EU Ojos si 2:98 3°79 3°86 2°82 3:28 
COM a2) 26396 6°50 6°22 5°95 5°92 

100°36 100711 9970 100°31 100°538 

It will at once be observed that cancrinite “‘ A,” which, from 
its appearance, was presumably the purest type of the mineral, 
is the highest of all in carbonic acid and lowest in water. It 
is also the highest in soda and alumina. Whitney’s two analy- 
ses show more potash. than mine, but in other respects run 
fairly near ‘‘C,” which, as I have said, represents the common- 
est, and probably the least pure variety. But in order to 
understand the variations better, we must consider the flesh- 
colored mineral referred to in my introductory paragraph, 
which, as I have said, has been called indiscriminately elzolite 
or cancrinite, according to the fancy of the collector. It some- 
times occurs in specimens of considerable size, is lustrous and 
cleavable, and to the eye appears perfectly homogeneous. An 
analysis gave the following results; the carbonic acid, as in the 
other cases, being determined by Mr. Riggs. 
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These figures plainly indicate that the mineral is a mixture 
of eleeolite and cancrinite, but do not show whether the mix- 
ture is mechanical, or due to isomorphism. ‘T'o determine this 
point, Mr. J. S. Diller kindly undertook a microscopic examina- 
tion of the material, comparing it in thin sections with the 
eleeolite and cancrinite ““B,” from the specimens of which por- 
tions were previously analyzed. He found the mineral to bea 
merely mechanical commingling of the two species, in nearly 
equal proportions, and later he succeeded in separating them by 
means of Sonstadt’s solution. This fact, considered together 
with the apparent homogeneity of the material, renders it prob- 
able that the variations in composition of the cancrinite are due 
to small admixtures of elzeolite; and that Whitney’s speci- 
mens were rather more so contaminated than mine. Still, the 
entire series of cancrinite analyses are fairly concordant, and 
confirmatory of each other. In discussing the formula of the 
mineral, however, analysis ‘‘A ” will be given preference. 

SoDALITE. 

On account of its beauty, and its intense blue color, this min- 
eral, as it occurs at Litchfield, is a favorite among collectors. 
It is now somewhat scarce, at least in large or compact speci- 
mens, and it ought to be carefully searched for in place. It 
‘often occurs intermingled with cancrinite, forming beautifully 
mottled masses, and also is associated intimately with the white, 
massive alteration-product to be described later. The following 
analysis was made, partly for comparison with Whitney’s, and 
partly to aid in the study of the accompanying white mineral. 

Clarke. Whitney. Whitney. 
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In my analysis iron was not looked for, because the ignited 
alumina, which should have contained it if present, was per- 
fectly white. Otherwise the analyses agree tolerably well. 

HyYDRONEPHELITE, A New SPECIEs. 

Tutimately associated with the sodalite is the white altera- 
tion product mentioned in the last paragraph. So close is the 
association, in fact, and so similar in occurrence are the two 
minerals, that the latter has been called white sodalite by the 
local collectors. Like the sodalite it is found in seams, and 
yields specimens as much as two centimeters in thickness ; it is 
white, lusterless, and has the fracture of sodalite; and proba- 
bly it originated from the alteration of the latter. ‘Two speci- 
mens of it were analyzed, which were received from two dif- 
ferent collectors, with the following results: 

A. B. 

ELOY sliced Va a gee 13°12 13°30 
SOM te eal co 1) 3B90 39°24 
INTO eas saline Go eli ee 33°98 33°16 
CAO Meee Nes Vom iials ee 05 trace 
Wer Ce uabied dis on be aie 13°21 13°07 
HERE @) eae ee ons Ga le 1:01 °88 
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The alumina carried a trace of iron, and a doubtful trace of 
manganese was also indicated. Hardness, 45. Fusible easily 
to a white enamel. Soluble in hydrochloric acid, and gelatin- 
izing upon evaporation. Fracture irregular, resembling that of 
the sodalite. In general, the mineral may be said to have the 
appearance of a slightly altered feldspar, minus the distinct 
cleavage. | 

These analyses left little doubt in my mind that I had a new 
mineral to deal with, and one belonging to the zeolite family. 
Such minerals are well-known derivatives of the nephelite 
group, and thomsonite and natrolite have especially been often 
noted. In composition the new product differs distinctly from 
natrolite, but agrees in ratios approximately with thomsonite ; 
forming, as far as chemical evidence alone goes, the soda end 
of a series passing through rauite, up to ozarkite; the last 
named mineral being the nearest towards the lime end of the 
series. A comparison of the analyses of these eleolite deriva- 
tives is worth making, on account of its suggestiveness. The 
ozarkite was analyzed by Smith and Brush, the rauite, from 
Brevig, by Paykull.* 

* Ber. der Deutsch. Chem. Gesell., vii, 1334. 
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Inasmuch, however, as massive minerals, and especially those 
which are produced by processes of alteration, are always sub- 
ject to doubt, I requested Mr. Diller to assist me with a micro- 
scopic examination of the new substance. He very kindly 
acceded to my request, and I subjoin an abstract of his results. 

“A section was carefully prepared so as to show both the 
sodalite and the white, lusterless mineral associated with it, in 
such a way as to reveal their relations. ‘The extremely irregu- 
lar line of. contact between the sodalite and its secondary pro- 
ducts is well defined in transmitted light, but is even more dis- 
tinct between crossed nicols from the fact that the sodalite, 
being isotropic, remains dark in all positions, while the other 
minerals are more or less brilliantly colored. The secondary 
products, which have clearly resulted from the zeolitization of 
the sodalite, are two in number. One of them forms very 
much the larger portion, probably nearly 90 per cent of their 
total amount, and the other is imbedded in the first in the form 
of distinct grains. Under the microscope in transmitted light 
the predominating mineral, which is doubtless a zeolite as 
shown by your analyses, is more or less deeply clouded like 
decomposed feldspar. Between crossed nicols it breaks up 
into flaky grains which vary considerably in the intensity of 
their color. Some remain dark, others range through light and 
medium tints of red and yellow, according to the position of 
the section. The isotropic grains in converging light are 
proved to be distinctly uniaxial and positive, and the aniso- 
tropic ones as far as can be determined exhibit parallel extinc- 
tion. It is evident therefore that the zeolite must he either 
quadratic or hexagonal in the system of its crystallization. 
Some of the grains show an indistinct striation approximately 
parallel to the vertical axis, but a distinct cleavage could not 
be discerned. In basal sections three sets of fractures could 
be rarely made out with sufficient distinctness to suggest that 
the mineral is probably hexagonal. ‘The mode of its occur- 
rence indicates clearly that it has resulted from the zeolitization 
of the sodalite; a phenomenon which has been observed in 
many rocks. 
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“The small grains of the other secondary mineral are so 
intermingled with the uniaxial zeolite as to indicate that both 
are derived from the sodalite. They are easily distinguished 
from the zeolite in which they are imbedded. In transmitted 
light they are perfectly clear and transparent, with so high an 
index of refraction as to appear to rise above the surrounding 
mass. The grains are entirely without crystallographic bound- 
aries, but are traversed by distinct cleavage lines. Between 
crossed nicols they are much more brilliantly colored than the 
associated zeolite, and if the section is rotated they become 
dark when the cleavage lines make a prominent angle (15°-33°) 
with the principal sections of the prisms. ‘The mineral is cer- 
tainly biaxial, and in all probability belongs to one of the two 
inclined systems of crystallization, but its definite determina- 
tion is not practicable under the circumstances.” 

In view of the presence of an impurity in the new zeolite, 
Mr. Diller suggested a re-analysis of it, to be made on carefully 
purified material. The purification, by means of Sonstadt’s 
solution, he kindly undertook, determining at the same time 
the specific gravity of the mineral. The crude material gave 
him a sp. gr. of 2°263, while the zeolite was a little lighter and 
the imbedded grains a little heavier. After purification the 
coarsely powdered zeolite was carefully picked over under the 
microscope until Mr. Diller felt confident that the sum of all 
impurities could not exceed one per cent. The mineral, then 
dried at 100°, gave me the following analytical results: 

Oram sl nee eee 12°98 
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These figures confirm the previous analyses, and show that the 
impurity which vitiated them must have been small in amount 
and similar in composition to the new zeolite. The latter, I 
think, may be considered as fairly well established; and its 
formula may be written Al,(SiO,),Na,H.3H,0; which requires, 
water, 13°76; soda, 13°54; alumina, 33-41, and silica, 39-29. 
This composition, and the manifest relations of the mineral to 
nephelite, the parent member of the group, naturally suggest 
for it the name hydronephelite, which seems to be both appro- 
priate and descriptive. Chemically, as I have already ob- 
served, the species approximates to a soda thomsonite; but 
optically it appears to be quite different. This fact suggests 
the desirability of a careful microscopic re-examination of all 
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the other massive zeolitic alterations of elzolite which have 
been on analytical grounds referred to the thomsonite series. 
Hydronephelite, indeed, is directly derived from sodalite, but 
the latter itself probably originated from elzeolite; so that the 
new species may quite properly be considered along with the 
other zeolites which were previously mentioned. The fact 
that it contains more potassium than the sodalite, is note- 
worthy, and calls for an explanation which I am unfortunately 
not prepared to offer. 

Albite and Lepidomelane. 

The albite of Litchfield, which appears to be associated with 
other undetermined feldspars, is mostly in obscure masses. 
Occasionally a fragment is found with a translucent cleavage 
surface one or two centimeters broad. Such a specimen was 
partially analyzed, giving H,O 0°52, SiO, 66°39, Al,O, 19°69, 
K,O 0:99, Na,O 10°17. These figures serve only for com 
plete identification of the species. 

The lepidomelane exists abundantly in the eleeolite rock, 
but mostly in small black scales. Sometimes tolerably large 
plates of it are found, black and brilliant, decidedly brittle, 
and apparently affected by alteration. An analysis gave the 
following results. The iron determinations were made by Mr. 
Riggs. 

ls (4 0 maaan ess aye eae eb 4:62 
|] CL ech ee a eM er ae ee, none 
dB Py eee nce ON See SS 
eh 0 Peereuersiom Metisse 32°09 
AVOs e 0 one spain Bae 18°52 
BeO 0 i a ea toe 
1 TEN © Meese Ua ipaie aie Ces i 14:10 
IMO Sees hype eae 1°42 
Mis @ 25 So eas oes 1:01 
GO ee ba ra comuebe Ss. aD 
INGO Sea Oe S abeeiseee 155 

100°92 

This analysis is noteworthy on account of the extremely low 
percentage of silica, which is approached, so far as I can ascer- 
tain, only in an analysis by Rammelsberg of a black mica from 
Brevig. The ratio between silicon and oxygen is nearly 1:9, 
which agrees with no known formula. My results make it 
extremely probable that the mica is a mixture and that it has 
undergone an alteration tending toward the ultimate develop- 
ment of some chloritic species. Still it deserves, as also do the 
feldspars of the locality, a more thorough examination. 
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In attempting to discuss the formulee of cancrinite, sodalite, 
and hydronephelite, certain points should be carefully borne 
in mind. First, the three species must be considered, not inde- 
pendently, but relatively to each other; for all the evidence 
indicates for them a common origin. That origin is from the 
first member of the group, el#olite or nephelite ; the empirical 
formula for which has been finally fixed by Rauff* In par- 
tially rational form it may be written Na,A1,(SiO,),(Si0,), ; 
ignoring the small réplacement of sodium by potassium whic 
has been shown by synthetic investigations to be non-essential. 
Not only does the mode of occurrence and association of the 
minerals point to community of origin, but the same conclu- 
sion is emphasized by the experiments of Lemberg} upon the 
artificial alteration of silicates. When eleolite from Fredriks- 
virn was digested 180 hours with a solution of sodium car- 
bonate, a partial transformation into a soda cancrinite was 
effected; while a digestion of six months with a caustic soda 
solution containing “sodium chloride gave a product identical 
in composition with sodalite. Many such experiments were 
tried by Lemberg, yielding a large class of similar results. 
His method of procedure probably did not give absolutely pure 
or definite compounds, and yet his researches furnish evidence 
of great value in discussing the chemical structure of many 
minerals. 

If we compare the published analyses of cancrinite from 
different localites, we shall find that they vary in two ways. 
First, there are variations which are probably due to small 
admixtures of eleeolite, such as I have shown to occur at Litch- 
field; and secondly, the ratio between the lime and the ear- 
bonic acid ranges between rather wide limits. In the cancrin- 
ite from Miask, the two are about equivalent; while the Litch- 
field mineral contains only half enough calcium to saturate the 
carbonic acid. ‘The lime and soda, however, vary reciprocally ; 
so that when one is high, the other is low; and, furthermore, 
the experiment quoted from Lemberg goes to show that a can- 
erinite may exist coutaining no lime whatever. If this conclu- 
sion be correct, then the carbonic acid of tbe mineral must be 
represented as linked with aluminum; a supposition which 
finds some justification in the existence of the rare species daw- 
sonite. The function of water in cancrinite remains doubtful; 
if it be regarded as water of crystallization, the formula of the 
residue becomes less easy to write intelligibly; but if it forms 
a part of the atomic structure, it is almost necessary to repre- 
sent the carbonic acid as orthocarbonic, in the group CO, 
This mode of consideration, as will appear later, leads to a 

* Zeitschr. fir Kryst., ii, 445. 
+ Zeitschr. der Deutsch. Geol. Ges., xxxv, 557, 1883. 
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simple general formula for cancrinite, covering all variations in 
composition except such as are due to impurity, and correlating 
the mineral with the allied species sodalite and nosean. For 
the Litchfield mineral the following special formula may be 
written, giving the theoretical composition in the column 
below: 

Al, (SiO, , (CO), CaNay Ele: 

Found. Calculated. 

SiO, aOR a ob ly oe ey F 35°83 to 37:22 35°9 

AIO: Be Aa ae 28°32 to 30°12 30°6 

INK On: 22 8 aa 19°33 to 19°56 18°6 
CaOree 2s ee iN OS Ae Dist Ommonslee 4°2 

COP een 6-22 to 6:96 6°6 
EI Ope ie ees sya ee 2°98 to 3°86 4°] 

100°0 

In this case the water as found is slightly lower, and the soda 
slightly higher, than the calculated values; which is probably 
ascribable to the mutual replaceability of sodium and hydrogen. 

The formula commonly accepted for sodalite, and the one 
which is certainly the simplest, is that deduced by Bamberger* 
from his analysis of the mineral from Tiahuanuco. Written 
empirically, this formula is Na, Al,(SiO,),Cl, which requires 
considerably less chlorine than has ordinarily been found in 
the species. In Bamberger’s analysis, as finally corrected, he 
obtained 5°54 per cent, as against nearly seven per cent in 
Whitney’s determinations. The difference he ascribes to silica 
in the chloride of silver as weighed by other analysts; and yet 
in my own estimation every care was taken to eliminate such 
impurity, and my results confirm the older figures. Still, both 
figures have theoretical interest, as will be seen further on; and 
Iam inclined to believe that the Bolivian mineral was more 
nearly typical than that from Litchfield. To the latter we may 
assign the empirical formula Na,Al,(SiO,),Cl,, which is 
directly derivable from the formula for nephelite, and which 
agrees quite sharply with the analyses. 
We now have three empirical formulze ready for comparison 

side by side, as follows: 

INiephiel ites). Sani 2 ies Al, (SiO,),(Si0,),Na, 
Cancrinite (Litchfield) ----- Al,(SiO.,),(CO,),Ca Na, H, 
Sodalite Shawne tees AE (SiO}) SCI INiar 

These may easily be put into structural form by an applica- 
tion of the principle suggested in a former paper,t that ortho- 
silicates containing aluminum are to be represented as substi- 

* Zeit. fir Kryst., v, 581. 
+ Clarke and Diller, this Journal for May, 1885. 
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tution derivatives of the normal salt Al,(SiO,),. The latter 
contains the fundamental nucleus Al(SiO,),, which appears to 
be capable of a sort of polymerization, and which forms the 
basis of the subjoined symbols. 

710 ,—Na ZC CO,=NaH, 
AIL Si0,= Al AIL si0,=Al Al—Si0,= Al 

8i0,—Na, 710 = Na, 8i0,=Na, 
AlTSiO j= Al AY Si0,=Na, Al 810 =A 

Si0,—Na, Le) Qe Oa NaH 

Al—Si0,= Al Al SiO) = Al Ca 

ee loam == 4 aed eds 
\ sid oN. NCL. AlSi0 = Al 

: SiO Nar 
Al—S8i0,= Al 

CO,=NaH, 

Nephelite. Sodalite. Cancrinite. 

Now although these formule fit the analyses, and express a 
structural similarity of type, two of them are capable of a 
further generalization. Remembering the reciprocal variations 
between soda and lime in different cancrinites, and the fact 
that a soda cancrinite is quite possible, we may write the fol- 
lowing general formula for that species; Al,(Si0,),CO,Na,H,; 
which requires 

SOF is See NS 35°8 
PAU Ost Forte werd BAe, 30°4 
Na,O MeN pater 23:1 Partly replaceable by CaO. 
OO ee eee ele kee 6°6 
JBL Ct a ep Daa aR Bh 4°] 

Comparing this with Bamberger’s sodalite formula, and with the 
generally accepted formula for nosean, we have this remarkable 
series of structural expressions. 

SO, —Na Cl. CO, =NaH 
AICSi0,= Al INS SiO,= Al MCSiO,= Ae 

>Si0,=Na, >Si0,=Na, Si0,=Na, 
AIS Si0,= Al AIS Si0,= Al AlZ SiO ,=Al 

Si0,=Na,. SiO =Na,. SiO,= Na, H. 
Nosean. Sodalite. Cancrinite. 

The formula of hauynite of course reduces to the same type, 
and so also, probably, does that of microsommite. Hydro- 
nephelite has a still simpler formula, which, however, includes 
three molecules of water of crystallization. It may be advan- 
tageously compared in series with its parent minerals, in which 
case we have the following set of structures: 
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SiO ,— Na. 
AlLSi0,=Al 

SiO, —Na, or 
AILSi0,= Al AIL Si0,= Al /Si0,=Na,H 
710 = Na, /si0=Na, Al-Si0O,= Al 

AICSiO,=Al AIS Si0,=Al \si0,=Al 
ySi0,=Na, \si0,=Na,. 

AIS Si0,=Al +3H,0. 
\ gio, —Na. 

Nephelite. Sodalite. Hydronephelite. 

These formule express with decided clearness, the natural 
order of transition from one species to another. The alteration 
of a mineral necessarily involves the passage from a less stable 
to a more stable condition; and in this instance we observe 
precisely that state of affairs. From a quite complex and 
therefore easily disturbed molecule, through an intermediate, 
simpler compound, we pass to one which is simplest of all, and 
hence, presumably the most stable. Ido not deny that such 
formule are subject to criticism, and that possibly the advance 
of knowledge may brush them to one side; and yet I feel justi- 
fied in claiming that they have some real value in the codrdin- 
ation of observed facts, and that, through their singular sugges- 
tiveness, they assist in the prosecution of research. 

Laboratory U. 8. Geological Survey, Washington, 1886. 

Art. XXVI.—On the Chemical Behavior of Iron in the Mag- 
netic Field; by Epwarp L. NicHous, PH.D. 

[Read at the Ann Arbor meeting of the American Association for the Advance- 
ment of Science. | 

WHEN finely divided iron is placed in a magnetic field of 
considerable intensity and exposed to the action of an acid, the 
chemical reaction differs in several respects from that which 
occurs under ordinary circumstances. ‘T'he cause of one such 
difference may be found in the fact that the solution of iron in 
the magnetic field is in a sense equivalent to its withdrawal by 
mechanical means to an infinite distance. Mechanical removal 
requires the expenditure of work and the same thing is doubt- 
less true of what might be called its chemical removal. In 
other words the number of units of heat produced by the chem- 
ical reaction should differ, within and without the field, by an 
amount equivalent to the work necessary to withdraw the iron 
to a position of zero potential. Hxperiments upon this point 
which have been briefly described in a note already published 
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in abstract,* brought out other and unlooked-for modifications 
of the reactions.t These have been further investigated and 
are to be described in the present paper. My first experiments, 
the sole object of which was to detect differences in the heat of 
chemical action within and outside of the magnetic field, were 
conducted in the following manner. Between the poles. of a 
small electro-magnet, with half inch core, was placed a beaker 
containing a known amount of acid. The temperature of the 
acid was indicated by a thermometer divided to fifths of a de- 
gree centigrade. A weighed quantity of powdered iron was 
introduced and the rise of temperature was noted at short inter- 
vals of time until the reaction was complete. The movement 
of the thermometer during repeated trials, in which all condi- 
tions remained the same, excepting that in alternate experi- 
ments the electro-magnet was active and inactive, served to 
bring out its influence upon the speed and character of the 
reaction and upon the amount of heat produced. 

The conditions were varied as to initial temperature, nature 
aud strength of the acid used and relative amounts of iron and 
acid. In the following detailed account, the various determi- 
nations are described in the order in which they were made. 

I. Huperiments with Aqua-regia and Iron. 

Nitric and hydrochloric acids were mixed with water in pro- 
portions which ensured rapid and complete solution of iron 
without the application of heat. A suitable combination was 
found bv trial to consist of 4 vols. HCl, 8 vols. HNO, and 2 
vols. H,O. ‘The acids were the usual concentrated ‘“ chemically 
pure” acids of commerce. 50° of this mixture were allowed 
to act upon two grams of powdered iron of the kind known as 
“iron by alcohol.” 

The electro-magnet, already described, was placed, poles up- 
permost, in a glass jar and surrounded with dry sand in order to 
prevent any heating effect from the coils. A beaker holding 
250 c. c. was placed directly upon the poles of the magnet. A 
large bell jar, through the neck of which were set the ther- 
mometer and an open glass tube, was placed over the jar con- 
taining the magnet in such position that the bulb of the ther- 
mometer dipped in the acid within the beaker. 

* A Preliminary Note on the action of Acids on Iron in the Magnetic field : 
Proceedings Am. Association for the Advancement of Science, 1884. 

+ This appears to be an almost unworked field. Professor Ira Remsen, in his 
interesting paper on the “ Deposition of Copper on Iron in the Magnetic field” 
(American Chemical Journal, vol. iii, No. 3, 1881), has furnished the earliest pub- 
lished evidence of the influence of magnetism upon chemical action. More re- 
cently the same author has announced the resumption of his experiments upon 
this subject (Science, vol. i, No. 2, and American Chem. Journal, vol. vi, No. 6, 
1885.) 

Am. Jour. Sct.—THIRD Suries, Vou. XX XI, No. 184.—AprIn, 1886. 
18 
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The open tube was attached to a water vacuum-pump and 
after an elapse of five minutes the temperature of the acid was 
noted. The bell jar was then raised, two grams of iron 
were thrown into the acid and the bell jar replaced. The 
vacuum-pump removed all fumes as soon as formed. The 
temperature of the rapidly effervescing solution was noted at 
intervals of thirty seconds until the reaction was complete. 
The violent character of the reaction made all stirring of the 
solution unnecessary. In order to detect the influence of the 
magnet a series of these experiments were made in which, as 
already stated, all other conditions were maintained unaltered 
and the magnet was alternately active and inactive. 

HNO; + HCl. Ve 

2m 4m 6m gu Oz 12” 14" 16" 

When iron is dissolved in aqua-regia the character of the re- 
action varies greatly with the strength and temperature of the 
acid. At low temperatures and in weak acid, hydrogen is given 
off and the solution at the completion of the reaction is green- 
ish, containing for the most part ferrous chloride. 

At higher temperatures the reaction is more violent, red 
nitrous fumes are evolved and the resulting solution is yellow 
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with ferric chloride. Professor Ordway* has described very 
similar variations in the reaction between nitric acid and iron. 

What may be termed the critical temperature, i. e. that at 
which this change of reaction occurred, was found to be 40°. 
Reactions in which the solution did not reach that tempera- 
ture were accompanied by the evolution of hydrogen only, 
while those in which this temperature was passed were of 
the double character described by Ordway, the production of 
hydrogen being followed by that of nitrous fumes. The dif- 
ference between these reactions is best shown by curves, 
Curves a, b and ¢, fig. 1, show the range of temperature during 
three experiments in which the initial temperature was varied 
within narrow limits for the purpose of determining the critical 
temperature. The magnet was not in action during any of 
these experiments, but in other respects the process was that 
already mentioned. The curves show the temperature of the 
solution as a function of the time. Ordinates denote tempera- 
ture in degrees centigrade, abscissee time in minutes. The 
eurves “6” and ‘“‘c” have two maxima, whereas “a” shows no 
such peculiarity. The portion 0 n, of the curve o 0, for ex- 
ample, indicates the rise of temperature produced by the solu- 
tion of the iron under conditions in which hydrogen alone was 
generated. Whenever the solution reached the critical tem- 
perature (40°), a second reaction followed, in which red fumes 
were given off and a new rise of temperature occurred. The 
higher the temperature reached during the first reaction the 
more promptly the second one took place; as may be seen 
from the diagram. Curves ‘‘b” and “c” show the double reac- 
tion, “a” represents one in which the critical temperature was 
not reached and no nitrous fumes appeared. 

The first reaction made in the magnetic field, under condi- 
tions which would otherwise have ensured the evolution of 
hydrogen only, was marked by an almost immediate and violent 
outburst of red fumes accompanied by a_ correspondingly 
greater rise of temperature. ‘T’he reaction was repeated many 
times and always with the same result. The modification in 
the reaction produced by magnetic influence may be seen by 
comparing curve ‘‘d,” which represents the rise of temperature 
when the reaction took place in the field with curve “a.” The 
speed of the reaction is much greater within the magnetic field 
than without, and the amount of heat produced is greater. 
The evolution of nitrous fumes and the yellow color of the 

*“Malleable iron in dilute nitric acid, sp. gr. 1:03 to 1:06, is attacked with 
elimination of hydrogen and the production of a ferrous salt or with elimination 
of nitrous dioxide and the production of a ferric salt or without any evolution of 
gas.” “Sometimes hydrogen is produced at first, then nitrous dioxide, when both 
ferrous and ferric salts willbe formed.” Watts’ Dict.(Supplement.) See also Ord- 
way, this Journal, II, vol. xl, p. 316. 
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resulting solution indicated that in the magnetic field the chem- 
ical changes were not the same as those produced under other 
circumstances. 
When the above-mentioned reaction was performed below 

the critical temperature, it was found that the mere actuation 
of the magnet, at any time before the last particle of iron was 
dissolved, was sufficient to modify the reaction. Theevolution 
of nitrous fumes always followed the closing of the circuit, in 
such cases, and the change in the character of the reaction was 
indicated by renewed rise of temperature. Curve ‘‘e” shows 
the range of the thermometer during one of these reactions. 
The change from the unbroken line to the dotted line shows 
the point at which the magnet was thrown into action. 

Table I gives the observations from which curves a, 3, ¢, d, 
and e are drawn. The reactions were repeated many times 
under the various conditions already described, but the varia- 
tions from the typical results given in the table were not such 
as to render necessary the publication of all the observations. 

TABLE I.— Action of aqua-regia upon tron. 

TEMPERATURE. TEMPERATURE. 

Bee Sta) SSa | SSE!) Sle BSa}/ Ssa|/Sea/ SSE) Sse 
26e|/ 282| 282 | 283) sEe 26=| 222 28s 282 38s 
@ ale ele ele j= 4 2 ale ale ale aa 

° ° ° ° | ° ° ° ° ° ° 

0m 08 |18°90/20°20/24-70 |24-38 19°80 8™ 308/39-30|40-40 |50°40| ___. |43°80 
N30) QUO PS UOBIAO | sso5) 2255 9 0 .|39-20/40-30 |50-40| ____|43:70 
1 0 [|32°40)33°50|37°80 |57°45/34°35 9 30 |39:10/40°15 |50-30| .___|43-00: 
1 30 |35-60/36'80|40-90 |57-58)/25-70 || 10 0 |39-00|40-00 |50-10) ___.) __-- 
9 © |37-50/38°85|42°50 |57-32/36°27 || 10 30 |38-95/39-90*/50-00) __._| __-- 
2 30 |38:45/39°60/43-20 |57-00|36°55 || 11 0 |38°85/40-40 |49-80) ____| .__- 
3 © |89-10/40°30/43°70 |56°75/36°70 || 11 30 |38°75)44:10 | ._..] _.-_] -__- 
3 30 |39-45/40-°70/43-85 |56°37/36°80 || 12 0 |38°62/47-00 | --_.| --__| -_-. 
4, “0 |89:57/40-85)44;00 || =. +. |36:80 ||) 12) 30)|38;50)47;35. (es ieee eee 
A 30. |39:60|40°97/44:05 | ..-.|36:80 || 18 0 |38:25]/47:50 | ____})| ___.| 2222 
5 0 (39:60/41-00/44:05 |/-_22|36:704|| 13 °30)138-20/47;37 || sas 
5 30. |39:60|/40°97/43°95 | _.--|36°80 || 14. 0: /38-10/47-30 | © - = 4)) Sea ae 
6 © |39°60/40:90/43-90 | _...|36°70 |] 14 30 |38-00/47-15 | _.__| _-__] -222 
6 30. |89:55140-89/43-60) | 222. 18657 | 1b 0) }37;90))- = =e ee 
i 0 |89-50|40-78|43:854|. 2 136;45 || 15 7301/3 7585) =| eee 
i 30 139°45|40°62/49-4 | 2142-80) || 16 037-75) = ee ee eee 
8 0 |39°40/40°50/50°2 | .__- |43°50 

* Red fumes appeared. + Red fumes appeared. { Magnet set into action. 

It will be seen that the speed of reaction is greater in the 
magnetic field than without, and that the heat of chemical union 
is much greater. The production of nitrous fumes under the 
influence of the magnet and the yellow color of the resulting 
solution showed that the reaction was modified in chemical 
character as well as in intensity. ; 
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This form of experiment, tiowever, is ill adapted for compar- 
ison of the total amount of heat of chemical union within and 
without the magnetic field, owing to the very different speeds 
of reaction. A series of determinations made by my assistant, 
Mr. W.S. Franklin, in which the reaction took place in a calor- 
imeter, and the number of thermal units produced was meas- 
ured, showed that the development of heat was always consider- 
ably greater within the field of the magnet. The results of this 
calorimetric series is given in Table ILI. 

TABLE II.—Calorimetric determination of the heat of chemical union within the 
magnetic field. (By W.S. Franklin.) 

Magnet not Magnet 
acting. acting. 

Mean rise of temperature, 8°86 11°03 
Calories per gram of iron dissolved, 1035-0 1288°8 

Water value of calorimeter and contents, 583°98 C, 
Amount of iron dissolved in each reaction, 5 grams. 
Duration of the reaction, from 5™™ to 6™™, 

The reaction during these calorimetric determinations was 
not Open to inspection as in the simpler form of experiment in 
which the variations of temperature alone were noted, but the 
range of temperatures within the calorimeter was such as to 
indicate that the reaction within the field was accompanied by 
the evolution of nitrous fumes, and outside the field by hydro- 
gen only. Whether the amount of heat produced by a reac- 
tion in which nitrous fumes were given off outside the field is 
greater or less than in the corresponding form of reaction under 
the influence of the magnet was not determined. 

U.—LHaperiments with Nitric Acid and Iron. 

Nitric acid was mixed in various proportions with water 
for the purpose of finding the degree of dilution at which the 
most rapid, uniform and complete solution of the powdered 
iron could be obtained. During the search for the most desir- 
able mixture, a new and very interesting effect of the magnet 
was accidentally discovered. Five grams of powdered iron 
lay in the beaker close above the poles of the electro magnet, 
which was in circuit. Some cold nitric acid was poured upon 
the iron but the latter remained passive. Wishing to note the 
character of the reaction, we warmed the beaker slightly, then 
placed it upon the poles of the magnet and put a thermometer 
into the solution to get its temperature. ‘he bulb of the ther- 
mometer touched the iron in process of stirring the acid, when 
the hitherto passive mixture burst, almost explosively, into 
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effervescence, and a cloud of red nitrous fumes was given off. 
The removal of the solution from the field of the magnet re- 
stored the passivity of the iron, and, the action, in a few 
seconds, ceased entirely. All attempts to destroy the passivity 
by further stirring failed, until the beaker was brought back 
into the neighborhood of the magnet, when, at the merest touch 
with the thermometer, or any glass rod, the reaction would 
begin again and continue until the beaker was removed from 
the field. It was found possible to render the iron passive and 
to destroy that passivity at will by the above process; and 
after the solution had become warm the reaction was found to 
begin spontaneously whenever the beaker was brought into the 
field. 

HNO; be 

9 4m 6m gm 10™ ]Qm 14m 

The temperature at which the reaction begins spontaneously 
in the field was 60°, a point which probably varies with the 
strength of the acid and the character of the iron. 

The further study of this curious pheromenon, which seems 
to be akin to the influence of the voltaic current upon the pas- 
sivity of iron, described by Schénn* and by Renard,t} was laid 
aside until a more powerful magnet could be procured. 

*L, Schénn: Poggendorff's Annalen, Erganzungs Bd. v, No. 2. 
+ A. Renard: Comptes Rendus, t. 79, Nos. 3, 5 and 7. 
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The proportions selected for the reaction of nitric acid on 
iron were 70 c.c. HNO, and 30 c.c. H,O acting on two grams of 
iron. The speed of the reaction without the field was found to 
vary ina marked manner with the initial temperature. Brisk 
effervescence of hydrogen occurred, neither accompanied nor 
followed by the production of nitrous fumes. ‘The effect of the 
magnet was to greatly increase the speed, reducing the average 
time from about eight minutes to less than one minute. Red 
fumes always resulted from the reaction within the field. 

To change the character of the ordinary reaction, at any 
moment, it was only necessary, as in the case of the reaction 
with aqua-regia, to bring the magnet into function. The pro- 
duction of nitrons fumes, as in the former case was always 
accompanied by a new rise of temperature, although to a 
smaller extent than in the aqua-regia reaction. 

Table III and curves “f” “9” “h” and “1” figure 2 show. the 
range of temperature during the reactions with nitric acid. 
The variations of speed caused by slight changes in initial tem- 
perature were very marked. A comparison of the total amounts 
of heat produced within. and outside the field cannot be de- 
duced from these curves because of the very different speeds 
of reaction. 

TABLE III.—Action of nitric acid upon tron. 

TEMPERATURES. TEMPERATURES. 

TIME. | Magnet | Magnet | M agnet TIME. | Magnet | Magnet | Magnet 
not not not | Magnet | not not not | Magnet 

acting. | acting. | acting- | 2¢tns- acting. | acting. | acting. | 2¢tlns. 

ay fia By OS 75,2 Sf) Se ace sig? 66? Cor yee 

0= 00:| 25°85 | 26°50 | 27-25 | 24-90 || 7™ 30s| 39:45 | 44:95 | 49-45%] ____ 
0 30) 29:65 | 29°90 | 34:75 | 52°50 8 00] 4018 | 46:10 | 49°374+; ___- 
I 00) 30°50 | 31°60 | 35-90 | 52-80 8 30} 40°90 | 47:00 | 51:00 ers 
1 30) 31-05 | 32°55 | 37-20 | 52°50 9 00) 41-70 | 48°00 | 51-18t) ---- 
2 00] 31:92 | 33°00 | 38°25 Se 9 30] 42°58 | 48°95 | 50°90 eae 
2 30] 32°55 | 33°80 | 39°45 ees LON OOM A335 549790) ahs coe 
3 00) 33°19 | 35°00 | 40-70 --.- ||10 30) 44:30 | 50°45 Brel a 
3 30] 33°92 | 36:10 | 42°10 EA OOM SOOM ia Dato iene cae 
4 00} 34°58 | 37°50 | 44:35 ee lela SONA orGoioln00 Be atete 
4 30] 35°30 | 38°70 | 46°72 2o52 |I/212 OO |; AGA | GOD SES sees 
5 00) 36°05 | 40°10 | 47°72 Seer iel2 30) 46:55 eye Bees eee 
5 30) 36°68 | 40°90 | 48°45 ---- 4/13 00) 46°75 mya pate Soca 
6 00/ 37°38 | 41°90 | 4897 Bodo i) 1B) el Coes) Lays Te eae Sose 
6 30) 38715 | 42°90 | 49-22 ---. || 14 00) 46°95 rete SSeS 5a66 
7 001 38°30 | 43°90 | 49°40 ae 

* Kirst maximum. + Magnet thrown into action. {+ Second maximum. 

IW— Experiments with Hydrochloric Acid and Iron. 

70 c.c. of the concentrated acid diluted with 30 ¢.c. of water 
were allowed to act upon two grams of iron. The rise of tem- 
perature was much smaller than in the determinations with aqua 
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regia and nitric acid, the speed of reaction within the magnetic 
field differed very little from that occurring under ordinary cir- 
cumstances and the character of the reaction in the two cases was 
almost identical. The rise of temperature under the influence 
of the magnet, however, was found to be slightly in excess of 
that produced when the magnet was not in action. In order to 
bring out the magnetic influence more clearly than could be 
done with the magnet described in the first paragraph of this 
paper a larger one was constructed. The core of the new 
magnet was 25™™" in diameter, and each arm was wound with 
840 turns of No. 18 copper wire. This magnet afforded a 
field many times as strong as that of the small one. With it 
the reactions of hydrochloric acid upon iron were repeated and 
all the remaining experiments of the investigation were made. 

Considerable difficulty was found in obtaining concordant 
results with hydrochloric acid, owing to the frequently incom- 
plete solution of the iron. The desired rapidity and complete- 
ness of action were however finally secured by using 50 c.c. 
of the undiluted acid upon two grams of iron at an initial tem- 
perature of 40°. Measurements under these conditions and with 
the larger magnet corroborated the results of the first series, 
and were free from the irregularities which had vitiated those 
determinations. 

HCl 3. H.S0; 

4m 6m 

Table IV and curves “j” and “k,” figure 3, show the range 
of temperature during these reactions. 
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TABLE I1V.—Action of hydrochloric acid upon tron. 

MAGNET NOT ACTING. MAGNET ACTING. 

| Temperatures. Temperatures. 

TIMES. Se eT SaE SIS TT TIMES. 
Reaction ‘7.”"* Reaction ‘‘%.”’* 

0m 005 40°00 0™ 005 40-00 
0 30 50°29 0 30 52°24 

1 00 51°39 aL 00 52°36 

] 30 50°42 1 30 51°98 

2 00 PA 2 00 a ee 

* Each column gives the mean of ten experiments. 

The evidently greater amount of heat produced by the reac- 
tion within the field, might be attributed, it was thought, to 
the formation of a larger percentage of ferric chloride under 
the influence of the mag- fs HCl+KCl0, 
net. Volumetric determi- 
nations of the amount of 
ferric salt in the solution, 
by the hyposulphite of soda 79” 
method, showed, however, 
that while the percentage 
varied between 2 per cent 
and 14 per cent, it was not 
larger when the reaction go> | 
took place within the field 
than under ordinary circum- 
stances. The rise of tem- 55° 
perature was found, more- 
over, to be independent of 
the amount of ferric chloride 5° 
present in the solution and 
its presence was thought to 
be due to oxidation after 
the completion of the re- 
action, 

The reaction with hydro- 
chloric acid was afterwards 
repeated in the presence of 
an excess of potassium chlo- 
rate, by which means all the iron was converted into ferric chlo” 
rate. The proportions used were 25° HC1+25° H,0+1°5 grams 
KCIO, acting upon 1 gram Fe. The reaction was rapid and com- 
plete, the solution was of a bright yellow color and free from all 
traces of ferrous chloride. In this case the amount of heat pro- 
duced in the magnetic field was much less than when the magnet 

° 

40° 

9 m 4m 6 m gm 
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remained inactive, and the speed of the reaction was less. Tia- 
ble V shows the character of these reactions and they are 
exhibited graphically in curves ‘‘p” and “q” (figure 4). 
An attempt was made to eliminate the effect of cooling 

during these reactions by studying the rate of cooling of the 
solution and correcting the observed rise of temperature by 
means of data thus obtained. The corrected values are thought 
to indicate with considerable accuracy the relative amounts of 
heat produced in the two reactions. ‘They are as follows: 

p (without mag.) ; total rise of temp.=33°°85 corr. 34°-46 
q(with “ ar “ 17-8 9 eee 

TABLE V.—Solution of hydrochloric acid in presence of potassium chlorate. 

MAGNET NOT ACTING. MAGNET ACTING. MAGNET ACTING. 

Temp. Temp. | Temp. 

TIMES. allan TIMES. ——— | Makes) -_—<—$—— 
Reaction ‘‘p”” Reaction ‘‘g’) Reaction ‘‘g”’ 

0™ 00s 40-00 om 00s 37°90 || 3™ 00s 55:00 
0 47 73°85* Q 30 45°90 See) 55°70 

evn cams ele (XQ) 48°65 | 4 00 56°70 

ees oi Xo 3x0) 49°95 4 30 57°85 

cepa ee 2 00 52°20 500 57°10 

Bes re oh iO 538355 fy, 8X0) bh ek 

* Owing to the great rapidity of the reaction, the only reading taken was at 
the maximum. 

The reaction in which 3 grams of potassium chlorate were 
used presented no peculiarities such as to necessitate their pre- 
sentation in tabular form. They were in all respects corrobo- 
rative of the results given in table V. 

IV.—Heperiments with Sulphuric Acid and Iron. 

The method was that already used with other acids. 
25° of the concentrated acid were mixed with 75° of water, 

and the mixture when cool was made to dissolve 2 grams of 
iron. The reaction was uniform and complete and apparently 
of the same chemical character within and outside of the field. 
The magnet was found, however, to increase the speed of reac- 
tion and to decrease the amount of heat produced. The results 
are given in table VI, and in curves “‘ m” and “1,” figure 38. 
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TaBLE VI.—Action of sulphuric acid upon tron. 

: MAGNET x € MAGNET 
MAGNET NOT ACTING. NGHAENE:, MAGNET NOT ACTING. OTHE: 

Temp. Temp. Temp. Temp. 

TIMES. TIMES. a 
“am? be” ‘ban? bg) 

0™ 005 21°50 21°50 4m 00s 30°12 29°84 
0 30 23°60 24°25 4 30 30°18 29°86 

Hone0.0 26°18 27°15 5 00 30°20 29°83 

130) 27°92 28°60 5 30 30°20 ys cys 

2.00 28°95 29 61 6 00 30°17 Re 

2} 8X0) 29°45 29°75 6 30 ae els es 

3 «600 29°82 29°80 7 00 LV Feats 

3 a0) 30°00 29°85 

V.— Experiments with Nitric Acid and Copper. 

In conclusion of this investigation a series of measurements 
were made by the methods already described, in which pow- 
dered copper, such as is obtained by electrolytic deposition, 
was substituted for iron. The character of the reaction within 
and outside of the magnetic field was noted and especial atten- 
tion was paid to the matter of speed and heat of chemical 
union. The reaction in the field was found to be identical in 
both respects with that which occurred when the magnet was 
not in action. The mean of time determinations showed, for 
instance, the rise of temperature and duration of action to be: 

Within the magnetic field. Outside of the magnetic field. 
Rise of temperature =4°°875 | Rise of temperature =4°-882 
Duration =4™04°5§ | Duration =4™05°65 

In these experiments 20° of nitric acid and 30% of water 
acted upon 1 gram of copper. Various cursory tests with other 
metals seemed to indicate that the effects of the magnet de- 
scribed in this paper are confined to reactions in which iron is 
one of the factors. 

The set of experiments described in the preceding paragraphs 
is to be regarded as preliminary to a more complete investiga- 
tion of the novel series of effects developed by them. It is my 
intention to repeat these determinations with a large electro- 
magnet now in process of construction. The farther study of 
the destruction of the passivity of iron by magnetic action is 
ey already well advanced and the results will soon be pub- 
lishe 

University of Kansas, 
Lawrence, Kansas, August, 1885. 
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Art. XX VII.—The Inculcation of Scientific Method by Hxample, 
with an illustration drawn from the Quaternary Geology of 
Utah ; by G. K. Giupert. (With a map, Plate VIII.) 

Presidential Address read before the American Society of Naturalists at Boston, 
December 27, 1885. 

Mr. President and Gentlemen:—This is an association of 
teachers of science and investigators. Those of us who are 
primarily engaged in investigation have come here more espec- 
ially as educators. It is our function to discuss, not our re- 
sults, nor the subject matter of the several sciences with which 
we are concerned, but our methods of investigation, our meth- 
ods of publication or promulgation, our methods of teaching. 

It is fitting that this, one of the first formal addresses before 
the Society, should deal with some of the most general consid- 
erations affecting methods. In the statement of these consider- 
ations it is impossible to avoid that which is familiar, and even ~ 
much that is trite. Indeed all expectation of entertaining or 
edifying you with the original or the new may as well be 
disclaimed at the outset. I shall merely attempt to outline cer- 
tain familiar principles, the common property of scientific men, 
with such accentuations of light and shade as belong to my 
individual point of view. 

The teacher’s work is susceptible of a logical division into 
two parts. He stores minds, and he trains them. The modern 
educator believes the second function to be the higher, because 
the trained mind can store itself. Nevertheless the two go 
hand in hand and are in great part inseparable. The effort of 
the intelligent teacher is to employ such methods in storing the 
minds of his pupils with knowledge that they shall acquire at 
the same time the best training. 

In that particular department of teaching which is called 
scientific, there is the same logical duality, and to a great 
extent there is a practical unity; but in this case there is a 
pre-determined classification of those who fall under the teach- 
er’s instruction, which has the effect of practically dividing his 
methods. A portion of his pupils are preparing to engage in 
the work of research, and look to a scientific career. Another 
portion are to be occupied with business or in other pursuits 
not implying research, at least in the ordinary sense, and 
desire to obtain, as a part of a liberal education, an acquaint- 
ance with the materials and results of science. The first de- 
mand a training in methods, the second consciously ask only 
for a store of knowledge. Nevertheless, the general student 
can best accomplish his purpose with the aid of a certain 
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amount of training in method, while to him who proposes a 
career of investigation, there is an equal necessity for a large 
amount of positive knowledge. 

Before proceeding to amplify these propositions it seems 
best to give consideration to the essential nature of scientific 
research—to restate, for tne sake of a common understanding, 
the process by which science advances. 

Scientific research consists of the observation of phenomena 
and the discovery of their relations. Scientific observation is 
not sharply distinguished from other observation. It may even 
be doubted whether there is such a thing as unscientific obser- 
vation. If there is a valid distinction, it probably rests on the 
two following characters. Scientific observation, or the obser- 
vation of the investigator, endeavors to discriminate the phe- 
nomena observed from the observer’s inference in regard to 
them, and to record the phenomena pure and simple. I say 
‘‘endeavors,” for in my judgment he does not ordinarily succeed. 
His failure is primarily due to subjective conditions; percep- 
tion and inference are so intimately associated that a body of 
inferences has become incorporated in the constitution of the 
mind. And the record of an untainted fact is obstructed not 
only directly by the constitution of the mind, but indirectly 
through the constitution of language, the creature and imitator 
of the mind. But while the investigator does not succeed in 
his effort to obtain pure facts, his effort creates a tendency, and 
that tendency gives scientific observation and its record a dis- 
tinctive character. 

Scientific observation is moreover selective and concentrated, 
It does not gather facts indiscriminately, but, recognizing their 
classification, it seeks new facts that will augment established 
groups. ‘The investigator, by restricting his observation to a 
limited number of groups of phenomena, is enabled to concen- 
trate his attention, and thus sharpens his vision for the detec- 
tion of matters that are unnoticed by the ordinary observer. 

The superficial relations of phenomena are discovered by in- 
duction—by the grouping of facts in accordance with their 
conspicuous common characters—or, in other words, by em- 
piric classification. Such empiric classification is a preliminary 
work in all sciences. It is a convenient and temporary sorting 
of our knowledge, and with the increase of knowledge it is 
perpetually remodeled. But it is more than a mere conven- 
lence ; it is a stepping-stone to a logical, or rational, or, more 
strictly, relational classification ; for it leads to the understand- 
ing of those deeper relations which constitute the order of 
nature. 

Phenomena are arranged in chains of necessary sequence. 
In such a chain each link is the necessary consequent of that 
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which precedes, and the necessary antecedent of that which fol- 
lows. The rising of the sun is consequent on the rotation of the 
earth. It is the logical antecedent of morning light. Morning 
light is in turn the consequent of sunrise and the antecedent of 
numerous other phenomena. If we examine any link of the 
chain, we find that it has more than one antecedent and more 
than one consequent. The rising of the sun depends on the 
position of the earth’s axis as well as on its rotation, and it 
causes morning heat as wellas morning light. Antecedent and 
consequent relations are therefore not merely linear, but con- 
stitute a plexus; and this plexus pervades nature. 

Relational classification may be considered as of two sorts, 
first linear, and second, codrdinate as determined by linear, 
that is to say, phenomena are linearly arranged in chains of 
sequence, and they are codrdinately arranged in natural classes. 
A natural class is a group of codrdinate facts having the same 
antecedents. 

It is the province of research to discover the antecedents of 
phenomena. This is done by the aid of hypothesis. A phe- 
nomenon having been observed, or a group of phenomena hav- 
ing been established by empiric classification, the investigator 
invents an hypothesis in expianation. He then devises and 
applies a test of the validity of the hypothesis. If it does not 
stand the teat he discards it and invents a new one. If it sur- 
vives the test, he proceeds at once to devise a second test. 
And he thus continues until he finds an hypothesis that re- 
mains unscathed after all the tests his imagination can suggest. 

This, however, is not his universal course, for he is not re- 
stricted to the employment of one hypothesis at a time. There 
is indeed an advantage in entertaining several at once, for then 
it is possible to discover their mutual antagonisms and incon- 
sistencies, and to devise crucial tests,—tests which will necessa- 
rily debar some of the hypotheses from further consideration. 
The process of testing is then a process of elimination, at least 
until all but one of the hypotheses have been disproved. 

In the testing of hypotheses lies the prime difference between 
the investigator and the theorist. The one seeks diligently for 
the facts which may overthrow his tentative theory, the other 
closes his eyes to these and searches only for those which will 
sustain it. 

Evidently, if the investigator is to succeed in the discovery 
of veritable explanations of phenomena, he must be fertile in 
the invention of hypotheses and ingenious in the application of 
tests. The practical questions for the teacher are, whether it is 
possible by training to improve the guessing faculty, and if so, 
how it is to be done. ‘To answer these, we must give attention 
to the nature of the scientific guess considered as a mental 
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process. Like other mental processes, the framing of hypoth- 
eses is usually unconscious, but by attention it can be brought 
into consciousness and analyzed. 

Given a phenomenon, A, whose antecedent we seek. First 
we rausack the memory for some different phenomenon, B, 
which has one or more features in common with A, and whose 
antecedent we know. ‘Then we pass by analogy from the ante- 
cedent of B, to the hypothetical antecedent of A, solving the 
analogic proportion—as B is to A, so is the antecedent of B to 
the antecedent of A. 

Having thus obtained an hypothesis, we proceed to test it. 
If the hypothetical antecedent is a familiar phenomenon, we 
compare its known or deduced consequents with A, and ob- 
serve whether they agree or differ. If it is unfamiliar, we 
ascertain its consequents by experiment or some other form of 
observation; and in the selection of the particular experiments 
or observations to serve as tests, we are guided cnce more by 

_ analogy, inverting the previous formula. 
The question, whether or not the function of the mind in 

devising hypotheses and the tests of them is creative, is foreign 
to the present purpose. It suffices that we recognize the pro- 
cess as analogic, requiring for its success a preliminary knowl- 
edge of numerous instances of consequential relations. The 
consequential relations of nature are infinite in variety, and he 
who is acquainted with the largest number has the broadest 
base for the analogic suggestion of hypotheses. It is true that 
a store of scientific knowledge cannot take the place of mental 
strength and training, i. e. of functional ability inherited and 
acquired, but it is nevertheless a pre-requisite of fertility in 
hypothesis. 

The great investigator is primarily and preéminently the 
man who is rich in hypotheses. In the plenitude of his 
wealth he can spare the weaklings without regret ; and having 
many from which to select, his mind .maintains a judicial atti- 
tude. The man who can produce but one, cherishes and cham- 
‘pions that one as his own, and is blind to its faults. With such 
men, the testing of alternative hypotheses is accomplished only 
through controversy. Crucial observations are warped by 
prejudice, and the triumph of the truth is delayed. 

Returning now to the subject of education, take first the case 
in which the student is to become an investigator. He is to 
observe phenomena, he is to frame and test hypotheses. Asa 
matter of course, in order to learn to do these things he must 
do them. Sooner or later he must be sent directly to nature, 
out of doors or in the laboratory, and must in her presence 
train his faculties by practice. But before he undertakes this, 
the teacher can aid him by imparting methods. It is probably 
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not best to offer them in the abstract until he has become well 
acquainted with them in the concrete. Typical investigations 
should be described in detail, illustrating the varied phases of 
the method of hypothesis, and not omitting to show how its 
suecesses are achieved through series of failures, The history 
of at least one science should be developed, with the rise and 
fall of its successive theories. These educational factors are 
directed to the training of his mind, but his mind needs also to 
be stored with scientific knowledge, which shall serve as a 
foundation for analogies. If he would explain some feature of 
nature, he must depend on the explanations others have reached 
for other features; and he needs large resources of knowledge 
of the relations of phenomena. 

The course of training for the apprentice of science should 
give him, in the study room and in the class room, a varied 
acquaintance with the laws of nature that have been discovered 
by research. It should not needlessly burden his memory 
with empiric classifications, for these belong to the humbler 
walks of science, and it is unwise to impress on the novice the 
high importance of that which the master regards as provisional. 
It should teach observation by actual practice,—practice rigor- 
ously restricted to selected groups of phenomena. It should 
illustrate with varied reiteration—by books, by lectures, by 
demonstrations in the laboratory—the method of discovery by 
the aid of hypotheses. It should assign him actual investiga- 
tion and subject his methods to criticism. 

Students whose projected careers are not scientific, but who 
are unwilling to ignore so important a subject, naturally wish 
to cover a wide field ina short time. Their teacher, imbued 
with the vastness of science, is tempted to give them a maxi- 
mum number of facts, with such order and classification as 
best favor their rapid statement. If he yields to the tempta- 
tion, there is reason to fear that a permanent misapprehension 
is established, and the essence of science is not communicated. 
In my judgment he will do better to contract the phenomenal, 
and enlarge the logical scope of his subject, so as to dwell on 
the phil osophy of the science rather than its material. For 
such students laboratory work may or may not be expedient, 
but they can at least accompany the pupils who look forward 
to careers in research in some of the descriptive illustrations of 
methods of scientific achievement. 

The investigator becomes an educator when in giving his 
work to the world he describes the route by which his end was 
reached. It is not denied that the publication of sound con- 
clusions is in itself educational, but it is maintained that the 
publication of the concrete illustration of a good method is 
educational in a higher sense. It is not insisted that all skillful 
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investigations should be published zn extenso ; it is only affirmed 
that the number of such publications is far too small. We 
need for educational purposes more narratives of good work in 
all departments of research. Let the discoverer of a new prin- 
ciple recite every hypothesis that occurred to him in the course 
of his search, telling, if he can, how it was suggested. Let 
him lay bare the considerations which rendered it plausible, 
the tests that were conceived, and those which were applied. 
Let him show in what way the failure of one hypothesis aided 
in the invention of another. Let him set forth not only the 
tests which verify his final hypothesis, but the considerations 
which leave a residuum of doubt as to its validity. And finally 
let him indicate, if he can, the line or lines of research that 
promise to throw more light. 
By so doing he will accomplish many things. He will 

enard himself against an overestimate of the strength of his 
uneliminated hypothesis, and he will thus diminish his self- 
conceit. By conscious attention to his methods he will im- 
prove them. He will therefore educate himself. 

He will inspire the young investigator by his example, and 
even his experienced compeer will take courage from the success 
that after many failures finally crowns his efforts. He will give 
to every investigator who reads his paper a lesson in method— 
a good lesson if his method is good, and not necessarily a bad 
one if his method is bad. He will therefore educate his fellow 
workers. 

If his work admit of popular presentation, he may be a mis- 
sionary aS well as a teacher, for he may help to dissipate the 
wide-spread impression that there is something occult in the 
ways of science. He will at least aid in showing that, when- 
ever a theory is created and tested, knowledge is the gainer, 
whether the theory itself stands or falls; and that the demoli- 
tion of hypotheses, instead of testifying to the futility of re- 
search, is the method and condition of progress. His educa- 
tional influence will thus extend to that great lay member, the 
general reader. 

In making this plea for education by example, it would be 
unfair to ignore another point of view. Not all are willing to 
be educated, not all need be; the majority of those who exam- 
ine an essay seek only to learn its conclusions and have time 
for nothing more. For their use there should be appended or 
prefaced a concise summary of results. 

And, on the other hand, it should be observed that the ser- 
vice rendered to science by one who describes his course of 
investigation is not educational merely. Rejected hypotheses 
have a positive value in the domain of the subject to which 
they belong, and he who makes them public gives to his 

Am. Jour. Sci.—Tuirp Series, Vou. XXXI, No. 184.—ApRIL, 1886. 
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fellow-workers in the special field the fullest advantage of his 
material. Some steps of his progress, which did not prove 
suggestive to him, will find fertile ground in the mind of 
another and bear fruit. This consideration places the progress 
of knowledge before the glory of the individual, and is opposed 
by a natural egoism; but it is only the man of small calibre 
who has no ideas to spare, and secretiveness in matters of 
science is ordinarily a confession of weakness. 

It was intimated a moment ago that precept unsupported by 
example could not be depended on to infuse method—and the 
dictum applies even to the burden of this discourse. I am 
persuaded that my meaning will be better apprehended if I 
supplement my disquisition by an outline of an investigation 
of my own. The seeming egotism must be condoned, for it is 
manifestly impossible for me to trace out the actual course of 
observation and reasoning in the case of another’s work. 

To guard against possible misapprehension it is necessary to 
emphasize the fact that the following discussion contains an 
outline merely of its subject. . Its subject is a certain geologic 
uplift that has been observed in Utah. To render it intelli- 
gible to those who are unacquainted with the literature of 
the geology of Utah, it will be introduced by a short account of 
Lake Bonneville. 

The basin of Great Salt Lake lies in a region of mountains ; 
to picture its character to your mind, conceive a plain the sur- 
face of which is embossed by parallel ridges of moderate 
length, from fifteen to twenty-five miles apart, and from 2,000 
to 6,000 or 7,000 feet high. Conceive further that portions of 
this plain are uplifted, together with their mountain ridges, so 
as to enclose a basin 150 miles in either dimension, and you 
have the general structure of the district in question. The 
debris washed down from the mountains has for ages accumu- 
lated in this depression, so that the central-lying mountain 
ridges are nearly buried ; indeed there is reason to suspect that 
some of them are quite buried, a plain of fine silt being spread 
smoothly over them. Great Salt Lake itself les on the east 
side of the basin; the western half, which is only a few feet 
higher, is a saline desert. 

In the last geologic epoch—the Glacial Kpoch—the lake 
expanded so as to fill the basin to overflowing. The water 
surface was then very much larger, and as its area included the 
basins of several lakes now independent, it has been given a 
separate name. Lake Bonneville was very irregular in form ; 
the mountain ranges of the basin ran long peninsulas from its 
north and south shores, and projected from its surface in numer- 
ous islands. The Quaternary winds, playing on its surface, 
dashed waves against its shores, and the spits and beaches and 
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cliffs wrought by these waves remain in a high state of preser- 
vation to testify to the position of the ancient water margin. 
Through the greater part of its extent this shore-line forms a 
conspicuous feature in the topography of the country, and is 
readily traceable. It has been actually traced out, surveyed, 
and mapped with much care, and our knowledge of the old 
lake is in many other respects definite and full. 

Its width from a few miles east of Great Salt Lake to the 
west side of the Great Salt Lake desert was 125 miles. From 
the mountains on the north of the desert to those on the south 
its expanse was about the same, but it did not terminate with 
the southerly mountains. It extended through them in several 
straits and formed beyond a second and much smaller body of 
water. The main body was 1,000 feet deep, the minor body 
about 500 feet. 

Manifestly, when this old shore-line was made, all parts of 
it lay in the same horizontal plane, with no other curvature 
than that which belongs to the figure of the earth; that is, all 
parts of it were level. If it is not now level—if some parts 
are higher than others, it seems equally manifest that there 
have been local elevations or subsidences of the land. It is to 
such differences of level in the shore-line as it stands, and to 
their interpretation, that I desire to call your attention. 

As far as the eye can judge, the shore is still level, and so 
long as no measurements were made its horizontality remained 
unquestioned. The two geologists who were probably the first 
to measure its height recorded their results in language imply- 
ing no suspicion that more than one determination was neces- 
sary. 

It happened that in the year of my first exploration of the 
Bonneville area I saw the shore-line not only in the Salt Lake 
basin but in the more southerly basin, and that I passed from 
one basin to the other by a route that did not reveal their 
connection. In doubt whether two lakes were under observa- 
tion or only one, I sought to answer the question by determin- 
ing the height of the shore-line in each, my instrument for the 
purpose being the barometer. The verdict of the barometer 
was that the southerly shore-line was somewhat higher than the 
northerly, but the computations necessary to deduce it were 
not made until the mutual continuity of tbe two shore-lines 
had been ascertained by direct observation. The barometric 
measurement was therefore superseded as an answer to the 
original question, but it answered another which had not been 
asked, for it indicated that the ancient shore at one point had 
come to stand higher than at another. The postulate of hori- 
zontality was thus overthrown. 

An hypothesis immediately took its place. It is one of the 
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great inductions of geology that as the ages roll by the surface 
of the earth rises and falls in a way that may be called undula- 
tory. Ido not now refer to the anticlinal and synclinal flex- 
ures of strata, So Conspicuous in some mountainous regions, but 
to broader and far gentler flexures which are inconstant in 
position from period to period. By such undulations the Ter- 
tiary Jake basins of the Far West were not only formed but 
were remodeled and rearranged many times. By such undula- 
tions the basin of Great Salt Lake was created. As to their 
cause, geology is absolutely ignorant, and she is almost abso- 
lutely silent. When it was ascertained that the Bonneville 
shore-line attwodistant points had not the same height, the first 
hypothesis to suggest itself merely referred the difference to 
this gentle undulatory movement of the crust. As other hy- 
potheses are to be mentioned, it will be convenient to christen 
this one the hypothesis of unexplained undulation. 

A few years later the discovery was made that a fault had 
occurred along the western base of the Wasatch range of moun- 
tains since the Bonneville epoch. This range lies just east of 
Great Salt Lake, and the Bonneville shore is traced across its 
western face. The effect of the fault was to lift the mountain 
higher, with reference to the lake bottom, and to carry that 
part of the old shoresline upward. The amount of the uplift 
varied in different parts of the fault from ten to fifty feet. 

This discovery was something more than the finding of a 
post-Bonneville fault; it was the discovery also of a new 
method of recognizing faults—of a peculiar type of cliff pro- 
duced by faulting, which, though by no means obscure, had 
previously been overlooked by geologists. It gave rise toa 
new tentative explanaticn for the displacement of shore-line 
discovered by barometer, namely, that it arose by faulting; and 
it opened a new line of observation. 

Two hypotheses were now under consideration, but they 
were not strictly alternative. Perhaps it would be better to say 
that the origination of the second not only gave an alternative 
but also modified the first. The Wasatch fault must affect the 
height of the shore-line, and wherever it crossed the shore-line 
that line must be discontinuous and exhihit two levels. The 
admission of disturbance by faulting was therefore compulsory, 
but faulting might or might not be sufficient alone. If it was 
not sufficient, then undulation might complement it. The 
modified first hypothesis was, undulation and faulting com- 
bined, the second, faulting alone—both undulation and faulting 
being themselves unexplained. 

It was not difficult to devise tests. An instrumental level 
line might be earried along the old beach so as to ascertain 
whether it rose or fell in regions where no faults occur; or its 
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height might be carefully measured at two points and the dif- 
ference of altitude compared with the total throw of the inter- 
vening post-Bonneville faults. The second of these tests was 
applied, and with success. By means of the surveyor’s level 
the height of the old shore above the water surface at the shore 
of Great Salt Lake was measured at two points twenty miles 
apart. One of these points is on the Wasatch range near Salt 
Lake City; the other is on the next range west, the Oquirrh. 
The only post-Bonneville fault between them is that at the base 
of the Wasatch, and its throw is there about fifty feet, the west 
side having gone down. If then faulting is alone responsible 
for shore-displacement, the beach on the Oquirrh range should 
be fifty feet lower than that on the Wasatch. The measurement 
however showed it to be twenty-eight feet higher, and thus 
demonstrated a difference of seventy-eight feet to be referred 
to undulation. 

Thus a step was made in advance, but the resulting position 
was not final, for the inquiring mind could find no satisfaction 
in the knowledge that crust undulation and crust faulting were 
conjointly efficient, so long as both these remained without 
explanation. No new hypotheses were at once invented, but it 
was determined to continue observation until the solitary phe- 
nomena at command were expanded into a group, and to seek 
new light in the classification of this group. As the basin was 
traversed in the conduct of the general investigation of the old 
lake, 2» search was made for the records of recent faults and at 
every opportunity the height of the shore was accurately 
measured. Six such measurements were made in the imme- 
diate vicinity of Great Salt Lake, the lake affording a common 
datum plane. Ten others were made on the lines of railways, 
where the leveling data of the railway engineers could be util- 
ized. At some points the height was found greater than on the 
Oquirrh, at others less than on the Wasatch, the range from 
highest to lowest being 168 feet. 

Faults were discovered at the bases of numerous mountain 
ranges, but none of them are so great as that along the Wasatch, 
and nearly all are very small. None were found associated 
with the half-buried mountains of the center of the desert, and 
yet on these same mountains are the highest shore records to 
which measurement was carried. 

In general it was found that the displacements recorded by the 
shores have been much larger than the displacements demon- 
strated by faults, so that faulting can be appealed to in expla- 
nation of shore displacement only to a small extent. It was 
found that the throw of the faults was in some cases opposed 
in direction to the total deformation on the shore-line and in 
other cases coincident. For these reasons faulting was provis- 
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ionally regarded as a disturbing factor merely, and the defor- 
mation demonstrated by the measurements of shore-height was 
treated as simply flexural or undulatory. 

To classify the shore-heights, as a basis for further hypoth- 
esis, they were platted on a map, and their grouping was com- 
pared with geographic features. It appeared that the highest 
measured points lay within the area of the main body of Lake 
Bonneville, that the lowest points lay at the extreme north and 
at the extreme south, that the eastern shore of Lake Bonneville 
in the vicinity of Great Salt Lake was intermediate in height, 
and that the single point determined on the western shore of the 
old lake agreed in height with the eastern shore. Unfortu- 
nately, the distribution of the measurements, which had been 
largely determined by the distribution of railroad lines, was 
not equable throughout the basin of the lake, and nearly the 
whole of its western shore was undetermined in altitude. 
When lines of equal altitude were drawn among the figures 
representing measurements, after the manner of the isobars on 
a Signal Service weather map, it was found that they were not 
fully controlled by the determined points; but when they had 
been given the most satisfactory adjustment, they contoured a 
figure of deformation which may be characterized as a low, 
broad dome, having its crest over the center of the main body 
of Lake Bonneville, and extending a subordinate member to 
the region of the southern body of the lake. One half of 
this figure was fairly inferred from the data of observation ; 
the remaining half was imaginary and its drawing merely gave 
graphic expression to the hypothesis suggested by the incom- 
plete contours—the hypothesis that the deformation stands in 
some necessary or causal relation to the lake and its disap- 
pearance. 

Now it has been independently determined that the cause of 
the lake and the cause of its disappearance were climatic; it 
was not drained by the wearing down of its outlet, nor emptied 
by the unequal uplift of portions of its rim, but it was dissi- 
pated by evaporation. If then the disappearance of the lake 
and the deformation of the land are connected in a causal way 

-the change in the lake ‘was the cause, and the change in the 
land was the effect. How can we suppose the drying up of the 
water to have produced the up-arching of the plain on which 
the water lay ? 

In the attempt to answer this question three tentative expla- 
nations were suggested, and these will be stated in the order of 
their origination. 

It is well known to geologists that in several instances a 
great formation thousands of feet in thickness consists wholly 
or chiefly of shore deposits. ‘To account for them it is neces- 
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sary to suppose that the sea floor locally sank down as rapidly 
as the sediments were added. Conversely there is reason to 
believe that the adjacent continent, which by erosion furnished 
the sediment, rose up as rapidly as its surface was degraded. It 
is a favorite theory—at least with that large division of geolo- 
gists who consider the interior of the earth as mobile—that the 
sea-bottom sinks in such cases because of the load of sediment 
that is added and that the land is forced up hydrostatically be- 
cause it is unloaded by erosion. A similar theory might ex- 
plain the up-arching of the desiccated bed of Lake Bonneville, 
for the unloading of 1000 feet of water from an area more 
than one hundred miles across would give to the supposed 
liquid interior an irresistible uplifting force. ‘This was the first 
explanation to suggest itself. 

The second suggestion did not spring from any geological. 
theory consciously retained in memory, but I have since sus- 
pected that the germ of the idea may have been caught from a 
passage in Oroll’s ‘Climate and Time.’ It is this: The geoid 
of which the ocean’s surface is a visible portion is not an ellip- 
soid of revolution, but differs from that symmetric surface by 
undulations which depend on local inequalities in the density 
and in the superficial configuration of the earth. The water 
level is everywhere normal to the plumb-line, but the plumb- 
line, as geodesy has shown, is subject to local deflection. Now 
the ocean itself is one of the attracting factors, and if the 
ocean were to be removed, the geoid would thereby be modi- 
fied. The surface of Lake Bonneville was part of a geoid at a 
higher plane than that of the ocean surface, and the removal of 
the water of the lake unquestionably modified the local form 
of the geoid. Only at first blush the cause seems too small for 
the effect observed. 

The third suggestion relates to the distribution of tempera- 
tures beneath the surface of the earth. It is well established 
that the inner parts of the earth are extremely hot. The outer 
surface is relatively cool, and in the intermediate region there 
is a gradation of temperatures. The isogeotherms, or planes 
of equal temperature, are not even surfaces, but undulate in 
response to variations of conductivity and of superficial tem- 
perature. At the poles, where the external surface of the crust 
is exceptionally cold, the isogeotherms lie lower down than in 
warmer latitudes; and if a portion of the earth’s surface un- 
dergoes a permanent change in temperature, the influence of 
this change is propagated slowly downward through the crust, 
and the isogeotherms are locally raised or lowered. Where they 
are raised, the crust is locally expanded, and its surface is up- 
lifted ; where they are depressed the surface of the crust sub- 
sides. If, therefore, it can be shown that the temperature at the 
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bottom of Lake Bonneville was raised in connection with the 
dessication of the lake, we have a true cause of upward move- 
ment, and if we can show furthermore that the temperature of 
the surrounding region was not equally raised, we have at least 
a qualitative explanation of the differential uplift, the phenom- 
enon to be accounted for. 

It is now several years since these explanations were first 
suggested, and subsequent refiection has developed no others. 
While all of them appear perfectly rational, only a very 
slight inspection was necessary to raise a doubt as to the quan- 
titative sufficiency of the second and third. It was therefore 
determined to ascertain as accurately as possible the maximum 
change which migbt be ascribed to each of the three suggested 
causes, and to compare it with the actual change. The actual 
change is susceptible of various statements. If we consider 
only the measurements on the margin of the main body of 
water, and in its center we find a difference of 100 feet ; by in- 
cluding observations on outlying bays we get a maximum dif- 
ference of 168 feet; and a study of the peripheral slopes of the 
uplift suggests that they extend somewhat beyond the boun- 
daries of the lake. Crude extrapolation gives 200 feet as a 
maximum estimate of the height of the crustal dome. 

Take first the hypothesis that the crust of the earth, floating 
on a molten nucleus, rose up in the region of the basin when 
its weight was locally diminished by the removal of the water 
of the lake. The weight of the load removed is measured by 
the depth of the water before evaporation, 1000 feet. The 
theory supposes that as the crust rose there flowed in beneath 
enough molten rock to replace the weight of the evaporated 
water. If the rock was very heavy, a layer of moderate depth 
was necessary; if it was less heavy, more was required; but 
in any event the thickness of the introduced layer must be 
equal to the amount of the superficial uplift. Itis known that 
the density of the earth’s material increases downward, for the 
mean density of the earth, expressed in terms of the density of 
water, is about 5:5, while that of the upper portion of the crust 
is about 2°7. Nothing is known however of the law under 
which the density increases, and nothing is known as to the 
depth of the zone at which matter is sufficiently mobile to be 
moved beneath the Bonneville basin. We may, however, in- 
dicate limits, and I think this is fairly done by assuming that 
the density of the introduced matter was not less than 8, nor 
more than 5:5. If it was 5:5, the uplift consequent on the 
evaporation of 1000 feet of water would be 182 feet. If it 
was 8, the uplift would be 333 feet. Now it has already been 
stated that the greatest value observation suggests for the 
amount of the uplift is 200 feet. The postulate is therefore 
abundantly competent in a quantitative way. 
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To evaluate the effect produced under the second hypothesis 
(the hypothesis, that is, that the geoid represented by the water 
surface of Lake Bonneville has been deformed by the with- 
drawal of the attraction exerted by the water itself) it is neces- 
sary to employ mathematical analysis of a high order. As my 
schooling in mathematics did not qualify me to undertake this, 
I submitted the problem to an eminently competent colleague, 
who has solved it rigorously and deduced for the deformation 
of the geoid within the area of Lake Bonneville a maximum 
amount of two feet. The second explanation is therefore elim- 
inated from consideration, because quantitatively insufficient. 

It remains to consider the rise of the isogeotherms, and to 
evaluate the resulting elevation of the basin. It has been es- 
tablished by numerous observations that in all lakes having a 
depth as great as 1000 feet, the temperature at the bottom is 
about 89° F. This depends upon the fact that water at that 
temperature is heavier than at any other, and having once 
reached the bottom of a deep lake, it is withdrawn from the 
circulation to which the upper lavers are subject, and remains 
undisturbed. The meteorological records show that the mean 
annual temperature of the desiccated basin of Lake Bonneville 
at the present time is 52°. The change from a humid to an 
arid condition has therefore raised its temperature 13°. The 
temperature of the surrounding regions has at the same time 
undergone a change, of which we have no precise estimate. 
The epoch of Lake Bonneville was the Glacial Epoch, and the 
local climate was then in all probability cooler. If it was 13° 
cooler, the isogeotherms would be no more affected at the center 
of the basin than at its margins, and there would be no differen- 
tial elevation. If it was cooler by less than 138° a differential 
uplift would occur. For the sake of giving this uplift a 
maximum value, we will assign a very small figure to the 
general change of temperature, namely 3°, and assume that 
the differential change with respect to the basin was 10°. A 
formula devised by Fourier enables us to estimate the rise of 
the isogeotherms, if only we know the conductivity of the ma- 
terial of the earth, and the time which has elapsed since the 
Bonneville shore line was carved. Then, if we know addition- 
ally the rate of expansion of rock for a degree of temperature, 
we are able to estimate the upheaval. Sir William ‘Thompson 
has determined experimentally a coefficient of conductivity. 
The late Prof. Bartlett, of West Point, has determined the coeffi- 
cient of expansion for several building stones, which may be as- 
sumed to represent the crust beneath the Bonneville basin. 
We do not know how these coefficients are affected by high 
temperatures and great pressures, such as exist deep in the 
crust, and an element of uncertainty attaches for that reason. 



298 G. K. Gilbert—Inculeation of Scientific Method. 

In order to obtain a maximum result despite this uncertainty, I 
have made an extreme assumption in regard to time. The 
shore line of Lake Bonneville is in a wonderfully perfect state 
of preservation. While one stands upon it, it is easy to be- 
lieve that itis but a few centuries old, and the geologist, accus- 
tomed as he is to the contemplation of eons of time, hesitates 
to estimate its antiquity in greater units than thousands or at 
most tens of thousands of years. When therefore we postu- 
late its antiquity at one hundred millions of years, we pass so 
far beyond the range of probability as to protect ourselves 
against a possible underestimate. With these data the compu- 
tation has been made, and it has been ascertained that a maxi- 
mum uplift of 386 feet* can thus be accounted for. Since 
observation shows an uplift of not less than 100 feet, the ther- 
mal explanation is shown to be entirely inadequate; and if we 
were able to substitute for our imperfect data the actual data, 
we should probably find the computed uplift too small to be 
taken into consideration. 

If therefore we admit that the removal of the water of the © 
lake was the cause of the upheaval of the lake-bottom, there 
seems no way to avoid the conclusion that the efficient modus 
operandi was an upbending of the solid crust of the earth, 
caused by hydrostatic pressure communicated through a mobile 
substratum. But we are far from being forced to that admis- 
sion. The coincidence in locus of the uplifted dome and the 
Quaternary lake may have been fortuitous; or there may even 
have been no coincidence, for the contoured figure of deforma- 
tion was in part supplied by the imagination; and in either of 
these cases we can fall back on the agnostic hypothesis of un- 
explained undulation. In the present state of observation and 
inference the hypothesis of the hydrostatic restoration of equi- 
librium by the underflow of heavy earth-matter is the only ex- 
planation which explains, and none of the observed facts an- 
tagonize it; but the alternative hypothesis is not barred out. 

To reach a satisfactory conclusion more observation is nec- 
essary, and this discussion of the subject would be premature 
were it not that the necessary observation is very expensive, 
and there is no immediate prospect that it will be supplied. 
It is fitting, however, that the desirable lines of research be 
pointed out. 

The undertaking that promises most is an exhaustive hypso- 
metric survey of the Bonneville shore line, including all bays 
andislands. Ifthis were executed, it would be possible to deduce 

* Tn the original paper, as read, 12 feet instead of 36 were erroneously given. 
A friend has since pointed out that the estimate of 12 feet includes expansion in 
the vertical direction only, whereas the coincident horizontal expansion would 
almost necessarily be converted into uplift. 
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a much more satisfactory expression of the shape of the uplift, 
and to determine either that it is intimately related to the form 
of the body of water removed, or that it is not so related. If 
the relation were demonstrated, the observations might so far 
indicate its nature as to render possible an evaluation of the 
rigidity of the earth’s crust. 

Another profitable method of continuing the inquiry would 
be to make a similar investigation of the shore of another ex- 
tinct lake, for example, the one to which Clarence King has 
given the name of Lahontan, and which ranks second to Lake 
Bonneville among the Quaternary lakes of the Great Basin. If 
in a second instance the center of the desiccated lake were 
found to be the locus of upheaval, the hydrostatic theory would 
be practically established. 

It is hardly necessary for me to assure you that my personal 
regret in abandoning this research at its present stage is very 
great. I have discussed it as an investigation of the deforma- 
tion of the Bonneville basin, but it has a broader meaning. 
The condition of the interior of the: earth is one of the great 
problems of our generation. Those who have approached it 
from the geologic side have based a broad induction on the 
structural phenomena of the visible portion of the earth’s crust, 
and have reached the conclusion that the nucleus is mobile. 
Those who have approached it from the physical and astro- 
nomic side have reached the conclusion that the nucieus is 
rigid. Here seems an opportunity for a crucial observation. 
If the crust of the earth floats upon a fluid nucleus, the evap- 
oration of Lake Bonneville, by lifting from it a great weight, 
must have produced an uplift of determinate form. If the 
whole earth is solid, such a result could not have been wrought. 
The decisive phenomena are known to exist, and to be accessi- 
ible, but they are scattered over a broad desert, and they can 
ee gathered in only at the cost of much money and great 
abor. 

Art. XXVIII.—Nova Andromede ; by AsapH HALL. 

(Communicated by Geo. E. Belknap, Commodore U. S. N., Superintendent.) 

AT the end of last August Dr. Hartwig, of Dorpat, an- 
nounced the appearance of a new star in the great Nebula of 
Andromeda. This announcement aroused much interest and 
brought out a great deal of speculation on the origin of these 
new stars, and on the nature of the nebulz and their connec- 
tion with our sidereal system. Quite naturally in such a ease, 
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much of this speculation was of the wildest character, and some 
very uncertain inferences were drawn. The new star has now 
faded away to a mere speck of light, visible only in our largest 
telescopes. Unfortunately, and perhaps unavoidably, we have 
learned but little more from this new star concerning the na- 
ture of nebulz and variable stars than we knew before its ap- 
pearance. But the history of its discovery, its observation, 
and of its gradual fading out, is interesting enough to hold our 
attention for a little while. 

The appearance of the new star was announced by Dr. Hart- 
wig on August 31st, but it had been seen by him on the pre: 
ceding night with a small telescope, and he had suspected some 
change in the nebula as early as the 20th of August, but bad 
weather, and a lack of instrumental means for making the 
matter certain, deferred the announcement until the 31st. From 
the various estimates at that time the star was probably a little 
brighter than the seventh magnitude, or just below the limit 
of visibility to the naked eye. The announcement of course 
turned a host of observers to the new star, and many erroneous - 
estimates and statements were made. Some observers estima- 
ted the brightness far too great, and several, on account of errors 
in the observations, announced that the new star was moving 
with an enormous velocity. It required the lapse of a few 
weeks to clear away and correct all this error. 

After Dr. Hartwig’s announcement, it appeared that several 
others had seen the new star, but for some reason, perhaps 
want of familiarity with this nebula and lack of confidence 
that a new star had really appeared, they did not make a pub- 
lic announcement. Thus the Baroness Podmaniczky, of Hast- 
ern Hungary, saw the new star on August 22d or 28d, with a 
34-inch comet seeker, and called the attention of a visitor to it, 
but they do not seem to have been certain that the object was 
new. This lady looked at the nebula on August 13, and did 
not see the new star. Mr. H. S. Moore, of McKinney, Texas, 
saw the new star on August 30. The circumstances indicate 
that this is a bona fide observation. A really independent dis- 
covery was made by Freiherr von Spiessen, of Winkel im 
Rheingau, who found the new star on August 30, and immedi- 
ately sent a postal card to the Bonn Observatory where it was 
received on the evening of the 3lst, or about a day before 
Hartwig’s announcement. Mr. Isaac W. Ward, of Belfast, 
Treland, claims that he saw the new star on August 19, when 
it was of the 9$ magnitude. Finally, Professor Ludovic Grelly, 
of Rouen, says that he saw the new star on the 17th of August, 
and showed it to several friends and students. On the other 
hand Mr. Tempel, of Florence, Italy, who has done much work 
on nebule, and who is well acquainted with the great nebula 
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of Andromeda, says that he is confident there was no star in 
the place of the new one which was easily visible in his tele- 
scope on the 15th and 16th of August. This testimony is im- 
portant, and serves to fix the time of the appearance of the 
nova, or at least the time it became an easy object in telescopes, 
within very narrow limits. This time must have been between 
the 16th and 20th of August, 1885. It is probable that the 
star increased rapidly in brightness, since on August 31st it 
was of the seventh magnitude. It never, I think, became much 
brighter, though statements were made early in September that 
it was of the second or third magnitude, and easily visible to 
the naked eye. Its diminution of brightness began about 
August 31, and has gone on pretty steadily until the present 
time. There have been several attempts to show that there 
were fluctuations in its brightness, but these are so uncertain 
that we must wait for the complete evidence. 

At first, the position of the new star was confounded with 
that of the bright point of the nebula, and as this mistake 
added interest to the discovery, it was some time before it could 
be generally corrected. The coincidence with the nucleus of 
the nebula seemed to indicate that we had before our eyes the 
formation of a sun from nebulous matter, and hence a strong 
proof of the nebular hypothesis. Our popular astronomical 
writers were not slow to improve the occasion, but in fact 
the new star never coincided with the nucleus. The assump- 
tion of any intimate physical connection of the new star with 
the nebula has been given up by Vogel, of Potsdam, and 
Hasselburg, of Pulkowa, who have examined its spectrum. 
Within the limits of this nebula there can be counted from 
fifteen hundred to two thousand telescopic stars, and one of 
these has proved to belong to the class of temporary stars, 
so-called, of which we have records of from 20 to 30. What 
causes these stars suddenly to flame out, and then to fade 
gradually away we do not know; and so far as I know, there 
is hardly a plausible theory. 

I first saw this new star on September 6, when its magni- 
tude seemed to me 7%, and the star had a decidedly ruddy 
tinge. This color lasted but a few weeks, and as the star 
grew fainter it became of a white color. My observations have 
been continued until February 7th of the present year, and 
probably the star will be visible in the 26-inch refractor after 
the present moon has passed. It is now very near the limit 
of visibility in our telescope, or of nearly the sixteenth magni- 
tude. The passage from the seventh magnitude to the six- 
teenth corresponds to a very great change of brightness, since 
it is the passage from the limit of visibility to the naked eye to 
that in a 26-inch telescope. Several hypotheses were proposed 
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to account for this wonderful star, and one that seemed to me 
quite ingenious is that of Mr. Monck, of Ireland, who assumed 
that this star is one of the swiftly moving ones that in rushing 
through the nebula had been set on fire, like a meteor in our 
atmosphere. Led by some such suggestions, and also by that 
of Professor Peters that it would be interesting to test the 
parallax of such a star, on September 29th I began some meas- 
ures of the new star by referring it by means of polar codrdi- 
nates to a known star of the eleventh magnitude, distant from 
it a little less than 2’. These measures have been continued 
until the present time, although of course as the star became 
extremely faint the measures became difficult and less accurate. 
Ido not think my measures show any proof of a parallax, 
though they indicate perhaps a diminution of the distance, and 
even this may be sufficiently accounted for by variations in 
the light and color of the new star, since such variations would 
be likely to affect the measures. My measures are given in 
the following table, and I have added the parallactie coeffi- 
cients computed from the formule, 

Coefficient for Angle =[9°7932]. cos (@—172° 21’) 
Coefficient for Distance=[9°9810]. cos (9—284° 46’) 

where @ is the longitude of the sun; p denotes the observed 
angle of position, and s the observed distance. 

Date. Dp. Coeff. Se Coeff. Remarks. 

oO ® CLA 

1885, Sept. 29] 82.32 |+6-602 || 109-98 |—0-132 |9th mag., sky hazy. 
Oct. 3] 82:24 0°589 109°96 0-067 | 

6| 82°30 0°578 109°75 |—0:017 |Less than 9th mag. 
9) 82:17 0°565 109°68 |+0°032 |10th mag. 

15) 82°34 0534 || L09°84 0°131 
25) 82°17 0-471 109-60 0°291 |10°7 mag. 
26) 82°25 0°464 |) 109°57 0°307 | 
31] 82°36 0:426 109°80 0°384 | 

Nov. 24) 82:21 0-205 || 109°37 0:702 |On Nov. 12th, mag. same 
as star of comparison. 

Dee. 2) 82°21 0°122 109-27 0-783 
6| 82°28 0-079 || 10931 | 0818 |11:5 mag. 

12} 82°13 |+0:014 |} 109-27 0°862 | 
1886, Jan. 1) 82:25 |—0-199 || 110°18 | 0-940 |Very faint, misty; 15th mag. 

2} 82°30 | 0°210 109°39 0940 |13th-14th mag. 
role SiC 0°262 || 109 66 0°940 |Very faint. 

30| 82-27 0460 || 108-67 | 0°846 |Very faint, 16th mag. 
Feb. 7! 82°17 !—0°513 || 109-50 !4+0-°779 !Very faint, 16th mag. 

The observations have been corrected for differential refrac- 
tion, but the small reduction to a common epoch has been 
cmitted. A comparison of the observed quantities with the 
coefficients shows little evidence of parallax. The observation 
of January 7 was made by Lieut. W. H. Allen, U.S. N., and 
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he estimated the brightness of the new star on November 12 
to be the same as that of the star of comparison. Such a rela- 
tive estimate is good, but the absolute magnitudes are uncertain. 
The limit of visibility in a 26-inch telescope is 16°3 magnitudes, 
and the nova is now so near this hmit that accurate measures 
can no longer be made. . 

The great nebula of Andromeda is easily visible to the naked’ 
eye, and doubtless it was known to the astronomers of very 
ancient times. Those astronomers watched the heavens with 
unaided vision much more carefully than do modern astrono- 
mers, and they were far better acquainted with the constella- 
tions. The old astronomers had a theory that this nebula was 
variable both in form and brightness. They had poor means 
of judging of its form, but it is possible that their estimates of 
brightness may be more trustworthy, and that our new star may 
be an old variable which has appeared before, causing the 
nebula apparently to vary in brightness. One of the best de- 
scriptions of this nebula is by an astronomer of the middle 
ages, Simon Marius in 1612, who says it resembles a candle 
shining through ahorn. It has a bright nucleus, around which 
is the soft, fleecy-looking nebulous matter, shading off very 
gradually from the center. This nebula has an angular extent 
of two degrees. No parallax has yet been found fora nebula; 
but if we suppose them to be as distant as the brightest of the 
fixed stars, and to have a parallax of a quarter of a second of 
arc, we may get some idea of the enormous extent of such a 
nebula as the great one in Andromeda. Making the-preceding 
assumptions, its diameter will be about a thousand times as 
great as the distance of Neptune from the sun. Probably this 
estimate is less than the real diameter. That changes go on in 
such vast bodies we cannot doubt, for we see motion and 
change everywhere, but the distances are so great that small 
changes would pass without notice by astronomers on our 
earth. For this reason and also from the difficulty of making 
accurate drawings of such indefinite objects, we have as yet 
hardly any proof of changes in the forms of nebule. 

U.S. Naval Observatory, 1886, Feb’y 12th. 

ART. XXIX.—On Some New Forms of the Dinocerata Os lone 
Vin Be ScomT 

In 1875, Professor Cope established the Amblypoda as an 
order of hoofed mammals, including as its two sub-orders the 
Coryphodons of the Wahsatch Eocene and the Dinocerata of 
the Bridger. This association of animals so divergent in ap- 
pearance rests more especially upon the structure of the feet 
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and brain, and assumes that the two groups had a common 
ancestor, 1f indeed the one did not stand in an ancestral rela- 
tion to the other. 

If Professor Cope’s hypothesis be correct we should naturally 
expect to find a series of forms connecting the two groups and 
leading to a common term, showing how the large and most 
curions Dinocerata could be closely related to the smaller and 
much less striking Coryphodons. In the latter there is a com- 
plete set of upper incisors and a canine tusk of moderate 
size ; the lower incisors possess but a single lobe and the lower 
canine is erect and as large as the upper tusk, which it opposes. 
In the Dinocerata the upper incisors are entirely wanting, the 
canine is converted into a great sabre-like tusk; while the lower 
canine is very small, shaped like the incisors and functionally 
belonging to the latter, which present the extraordinary peculi- 
arity of having compressed bilobed crowns. In the Corypho- 
dons the cranium is nearly flat on top, there being no sagittal 
crest, and there are none of the great osseous protuberances 
which give such a characteristic and peculiar appearance to the ~ 
skull of the Dinocerata, although in some species of Corypho- 
don (e. g. elephantopus) there are small swellings which in- 
dicate these protuberances; there is also a beginning of the 
supra-occipital and parietal crests which in Uintatherium reach 
such great proportions. The nasals are thin, short and weak, 
ending anteriorly in a point and strikingly different from the 
very long and heavy nasals of the Dinocerata. 

The only form hitherto known which in any way helps to 
fill the gap between the two sub-orders of the Amblypoda is the 
genus Buthyopsis Cope, from the Wind river or lowest Bridger 
beds of Wyoming. Of this genus only the lower jaw has 
been found; but the important point is brought out that the 
lower canine was a large erect tooth, probably opposing the 
upper canine and not forming a part of the incisor series as is 
the case in Uintatherium. The form and position of this tooth 
make it exceedingly probable that the upper canine had not 
reached the great sabre-like proportions found in the other Di- 
nocerata. It is not certain whether the presence of the first 
premolar is a constant feature or simply indicates a milk-molar 
persisting longer than usual. The latter is so frequently the 
case, that it is impossible to attach any value to its occurrence 
in an isolated specimen. 

The Princeton Expedition of 1885 had the good fortune to 
discover, in the Bridger beds of Henry’s Fork, Wyoming, an- 

other missing member of this hypothetical series. The new 

genus, for which I propose the name Hlachoceras, may be briefly 

defined as follows: animals allied to Uintatherium, without 
upper incisors, and having ‘SIX molars of the Uintatherium 
pattern, and large upper canine tusks ; but without nasal pro- 
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\ 
Fig. 1.--Skull of Coryphodon, left side (after Cope). Fic. 2.—Skull of Hlacho- 

ceras parvum, left side. Fig. 3.—The same, top view. Fic. 4—Skull of Uinta- 
thertum alticeps, right side. 

Am, Jour. Sc1.—THIRD SERIES, Vou. XX XI, No. 184.—ApRIL, 1886. 
20 
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tuberances and having only rudiments of the maxillary and 
parietal protuberances. The supra-occipital is pierced by two 
large venous foramina, placed one on each side of the median 
line. 

The species may be called #. parvum and is defined by the low 
supra-occipital and parietal crests, the long and very narrow 
muzzle, the presence of a single tubercle on each molar tooth, 
and the small size of the animal (see figs. 2 and 3). It might 
at first sight be supposed that we have here the skull of a fe- 
male or young animal, which would account for the very small 
size of the so-called horns. But the complete and somewhat 
worn dentition and the state of the sutures at once negative 
the supposition that the animal was not entirely adult. The 
question of sex is rather more difficult to decide. Professor 
Marsh has shown that the skulls of female Dinocerata are 
characterized by small canine tusks and less prominent “ horns.” 
Professor Marsh very kindly allowed me to make a careful 
examination of the female skulls in his collection, which imme- 
diately convinced me that Hlachoceras is not a mere sexual va-- 
riety of Uintatherium, as I had suspected might be the case. 
The tusks are not only proportionally but actually of much 
greater diameter than in very much larger females. In point 
of fact, in proportion to the size of the skull, the tusks of Elacho- 
ceras are nearly if not quite as large as in the largest Uinta- 
therium males. On the other hand the protuberances are very 
much smaller than in any known female and the nasal pair seems 
to be altogether absent. I cannot, however, state this with 
entire certainty, as the extreme tip of the nasals is broken off, 
but the fact is more than probable for these reasons: (1) The 
nasals are preserved beyond the tips of the premaxillz, where 
in all other known Dinocerata the swelling for the protuber- 
ance is visible. (2) In Hlachoceras the nasals are exceedingly 
thin and weak, whereas the nasals of Uintatherium are strik- 
ingly strong and heavy ; in the former there is no trace of any 
thickening or swelling at the tips of the bones. 

Such a combination of large tusks with rudimentary protub- 
erances is not what we find in any known female and seems to 
remove all reasonable doubt as to the sex of the specimen be- 
fore us. If this be granted, the distinction of the genus from 
Uintatherium necessarily follows. 

It is interesting to note that Klachoceras very much resembles 
the young specimens of the Dinocerata, especially the one de- 
scribed and figured by Professor Marsh (see his Monograph, p. 
15, fig. 8), though even in this young skull the protuberances 
are much more prominent than in Hlachoceras. 

Another possibility is that in Hlachoceras we have the missing 
skull of Bathyopsis; but this I consider to be extremely im- 
probable, from the very peculiar character of the molar teeth 

er 
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in the latter, which would almost certainly imply a similar 
modification of the upper molars. Another reason against 
such a reference comes from the presence of the large canine 
tusk of the upper jaw, which, as we have already seen, had 
probably not attained such dimensions in Bathyopsis. With 
the exception of the last named genus, Hlachoceras is the small- 
est known member of the group, the skull measuring only 
about 22 inches in length. 

In the same locality, though at a somewhat higher level, was 
found the large Uintatherium skull shown in fig. 4, which un- 
doubtedly represents a new species of that genus, U. alticeps. 
Nothing is more hazardous than making new species of the 
Dinocerata, for, as every one who has studied them knows, 
they are extraordinarily variable, and if judged by the usual 
criteria almost every skull would constitute a distinct species. 
However, by carefully comparing nearly forty skulls, 1 have 
found that certain characters may be depended upon to deter- 
mine the various species, not veing subject to such apparently 
capricious variation. Among these may be mentioned the 
general shape of the skull, the postion (not shape) of the 
“horns,” the shape of the occiput, the character of the tusk, 
and the structure of the molar teeth. 

Examined with reference to these characters the skull shown 
in fig. 4 is unquestionably distinct. It is one of the broad- 
headed species, with remarkably high occiput, the parietal pro- 
tuberance is in advance of the post-glenoid process. (I have 
found the best method of exactly determining this point is to 
connect the tip of the pre-maxilla with that of the post glenoid 
process and erect perpendiculars on this line.) The molar 
teeth are much as in UV. lucare, but without tubercles on the 
anterior cingulum; there is a pair of small tubercles at the 
entrance of valley of the last molar. The lunar has no facet for 
the trapezoid. The great height of this skull, as compared 
with its length, suggested the name alticeps. 

The value of the tubercles on the molar teeth as a specific 
character has been questioned, but I am inclined to think that 
considerable importance must be attached to them. For ex- 
ample, the very large series of Palzeosyops remains in the 
Princeton Museum, ranging from species smaller than the sheep 
up to those as large as the rhinoceros, show without exception 
a small tubercle between the anterior cusps of the upper true 
molars. The tubercles on the teeth of the Dinocerata show no 
such constancy as this, it is true; nevertheless they are suffi- 
ciently constant to rank as species characters. 

These notes are preliminary to a much fuller account which 
will shortly appear in a paper on the variations of the Dino- 
cerata. 

Geological Museum, Princeton, N. J., Feb. 12, 1886. 
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SCIEN DTIELC IN? Even Nees 

J. CHEMISTRY. 

1. On the Volatility of Sulphur and Mercury.—It is well- 
known that in the drying rooms of powder works where gun- 
powder is dried at a carefully regulated temperature which never 
surpasses 60° to 65°, there is always a peculiar odor somewhat 
recalling that of sulphur dioxide. By placing plates of glass in 
such a room at some distance from the mass of powder, BeRTHE- 
Lor has succeeded in obtaining a distinct sublimate deposited on 
the glass, which gave, on analysis, sulphur 97°84, potassium nitrate 
0:90, carbon and undetermined matters 1°26. Hence it is not 
an oxide but pure sulphur which has thus been sublimed at 66°, 
mixed, mechanically no doubt, with a minute quantity of the 
other constituents of the gunpowder. The vapor tension cor- 
responding to this slow sublimation, effected 380° below the 
boiling point under normal pressure, is not appreciable by mano- 
metric measurements. It should be zero or sensibly so at the 
ordinary temperature, since no deposition of sublimed sulphur is 
observed in glass cases or tubes in which sulphur has been kept 
for many years. The permanent sharpness of the edges of sulphur- 
crystals in collections, also confirms its feeble volatility. The 
volatility of mercury, whose tension at 20° is only 0:0268™™, the 
author illustrates by the fact that in his laboratory there is a 
mercurial trough and at a distance of 2°5 meters from it a glass 
case containing a bottle of iodine. After some years, Berthelot 
noticed that the neck of this bottle above its junction with the 
stopper was covered with red mercuric iodide. No ammonia nor 
volatile acid were kept in the case-— Bull. Soc. Ch., I, xlv, 114, 
February, 1886. G. F. B. 

2. On Germanium, a new non-metallic Hlement.—In the sum- 
mer of 1885, Weisbach gave the name argyrodite to a new min- 
eral existing in a rich silver ore from the Freiberg mines. On 
undertaking its analysis, WINKLER found it to consist of 73 to 75 
per cent of silver, 17 to 18 per cent of sulphur, 0°21 per cent of 
mercury and traces of iron and arsenic. But in spite of all pos- 
sible care, the loss in the analysis amounted to 6 or 7 per cent; 
and this without the detection by qualitative analysis of any 
other substance. Finally, the discrepancy was traced to the 
existence of a new element in the argyrodite, analogous to anti- 
mony, for which the author proposes the name Germanium. 
When the mineral is heated in a current of hydrogen, a black 
erystalline pretty easily volatile sublimate is obtained, which 
readily fuses into brownish-red drops, and which, besides a little 
mercuric sulphide, is essentially germanium sulphide. It dissolves 
readily in ammonium sulphide, and is precipitated by hydrogen 
chloride as a snow-white precipitate, readily soluble in ammonia. 
Heated in a current of air or treated with nitric acid, it gives a 
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white oxide, non-volatile at a red heat, soluble in alkali solutions, 
and reprecipitable by acids. Both oxide and sulphide are re- 
duced by hydrogen and yield an element of a gray color and 
moderate luster resembling arsenic, volatile at a full red heat, 
somewhat more difficultly than antimony. Its vapor condenses in 
small crystals resembling iodine. Heated in a current of chlorine 
a white, easily volatile chloride is produced more volatile than 
SbCl, and whose aqueous solution is precipitated white by H,S, 
atter acidifying. The author has not yet determined the atomic 
weight, but suggests that the new element may fill the gap in the 
periodic system between antimony and bismuth.— Ber. Berl. 
Chem. Ges., xix, 210, February, 1886. G. F. B. 

Il. GroLocy AND MINERALOGY. 

1. The Geology of Natural Gas in Pennsylvania and New 
York; by OC. A. AsupuRNER.——Mr. Ashburner observes that the 
oil and gas-yielding regions of Pennsylvania are geologically 
one. The borings yielding gas and oil go down to rocks in the 
Carboniferous and Devonian. About 30 miles west to north- 
west of Pittsburgh, at Smith’s Ferry and Slippery Rock, the wells 
reach the base of the Coal-measures and Berea grit. To the 
north of Pittsburgh, 25 to 30 miles, they reach the Venango 
(Devonian) sands; and 30 miles 8. 65° E. of Pittsburgh at Pleas- 
ant Unity, 31 8. 12° EK, at Dunlap Creek, 45 m. to 48m. south, 
at Whiteley Creek and Dunkard Creek, they go down to the 
Mahoning sandstone—the Lower Barren Coal-measures. The 
occurrence of accumulations of gas is stated to depend on the 
porosity of the rocks, the extent to which the rocks below the 
porous sand rock are cracked; the dip of the beds and the posi- 
tion of the anticlines and synclines; the relative proportion of 
water, oil and gas in the gas-bearing sand-rock; and the pressure 
under which the gas exists below. 

The dip of the beds is very small, generally but 20 to 35 feet 
per mile, and that of 75 to 100 feet of the rarest occurrence. Of 
the three principal horizons yielding gas, (4) the Venango first 
oil-sand (or its probable representative) is 1800 to 1850 feet be- 
low the Pittsburgh coal bed, and believed to be in the Catskill 
formation; (b) the Sheffield gas-sand, the lowest in Warren Co., 
is of Chemung age; and (c) the Bradford oil-sand, which is 1757 
feet below the base of the Pottsville conglomerate (or the lowest 
member of the Productive Coal-measures) is undoubtedly of 
Chemung age. But gas is obtained also from other horizons, up 
to that of the Mahoning sandstone, 500 feet above the Pittsburgh 
coal-bed. The gas is believed to have been formed in beds underly- 
ing the sand-rock from which it comes. The wells are commonly 
along the axes of synclines, but this position, Mr. Ashburner says 
is not universal.—Amer. Inst. Mining Engineers, Sept., 1885. 

To the above facts from Mr. Ashburner’s report, it may be now 
added that the very copious gas well recently opened at Findlay, 
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Ohio, is stated to descend into the Lower Silurian, and to afford 
gas at the rate of 40,000,000 cubic feet a year. The roaring of 
the escaping gas can be heard for five miles. 

2. Existing Glaciers in the United States; by I. C. Russxtt, 
U.S. Geol. Survey. From the 5th Annual Report of the Director, 
Major Powell. 1883-84. pp. 309 to 355. Washington, 1885.— 
Mr. Russell’s Report, with its fine illustrations, is ef interest to 
the country as well as to geological science. It gives the first 
connected account of the glaciers of the United States, and illus- 
trates the subject with excellent views of some of the glaciers 
and glacier-bearing mountains from photographs. The glaciers 
have been called glacierets, because of their small size; but they 
have, still, as the views and descriptions show, the characteristics 
of those of greater extent. Mr. Russell’s personal observations 
were made in the Sierra Nevada, on Mt. Dana, Mt. Lyell, and at 
other points in the High Sierras between the latitudes 363° and 
38°, at a height of about 11,500 feet above the sea. The division 
into the nevé and glacier is made out, and laminated or ribboned 
structure, dirt-bands and terminal moraines described. The dirt 
bands are stated to be probably a result, as suggested by Professor 
William H. Brewer, of the concentration, at levels, of surface 
dust by the periodical meltings over the glacier. The account 
of personal observations is followed by the earlier descriptions of 
the same glaciers by Muir and LeConte. Mr. Russell also gives 
in full Mr. Clarence King’s description of the glaciers of Mount 
Shasta, made in 1870; and-:also an account by Mr. Gilbert 
Thomson, with fine views and a map of his observations, made on 
an ascent in 1883. To these are added Mr. Arnold Hague’s ac- 
count of the glaciers of Mt. Hood, in Oregon; Mr. 8S. F. Emmons’s 
description of those of Mt. Rainier, in Washington Territory; 
notes on small giaciers of the Wind River Mountains, by Mr. 
W. H. Holmes; and on Alaska glaciers, by W. P. Blake and 
W. H. Bell. A general map of the Sierra Nevada region shows 
the positions of the existing glaciers, and also of the great glacier 
areas of former time. 

3. Upper Miocene (Loup Fork Beds) in Eastern Mexico. 
These beds, first described by Prof. de Castillo in 1883, occur on 
the borders of the States of Hidalgo and Vera Cruz. They have 
been found by Prof. Cope to afford remains of species of Pro- 
tohippus, Hippotherium, and Mastodon, and probably of Pro- 
camelus; and others of Dicotyles are announced by de Castillo. 
The area is at least eighteen miles by six, and the thickness of 
the formation not less than 2,000 feet. It is intersected by the 
valleys of tributaries of the Tuxpan and Benados rivers, some of 
which are narrow gorges 1500 deep. Several thin beds of coal 
occur init. This, Mr. Cope states, is the most southern point yet 
discovered of the Loup Fork beds.— Amer. Nat., 1885, p. 494. 

4, New Carboniferous Arachnidan from Arkansas.—Prof. 8. 
H. Scupper refers to the Arachnidan genus Anthracomartus of 
Karsch, a fossil, somewhat trilobite-like in form, which he names 
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A, trilobitus. He observes that the Brachypyge Carbonis de- 
scribed by Woodward as the abdomen of one of the Brachyuran 
Crustacea is probably the abdomen of an Anthracomartus. 

5. Revision of the Palwocrinoidea by C. WacusmutsH and F. 
Sprincer.—Part II] of this important memoir published in the 
Proceedings of the Academy of Natural Sciences, has been com- 
pleted. It covers 138 pp. 8vo, and is illustrated by plates IV to 
IX inclusive. 

6. Geology — Chemical, Physical and Stratigraphical; by 
JOSEPH Prestwicu, M.A., F.R.S., F.G.8., Prof. Geol. Univ. Oxford. 
In two volumes: Vol. I, Chemical and Physical Geology. 477 pp. 
8vo.—Professor Prestwich’s long labors in geology have sup- 
plied him with much material of his own observation for his 
geological treatise, and have enabled him to prepare a work that 
will contribute largely to the progress of the science. The volume 
now issued, after an introductory chapter, takes up the subject 
of the constituents of the earth’s crust—its rocks. A review 
of the animal and vegetable kingdoms follows. Afterward the 
work treats of the formation of sedimentary deposits and the 
atmospheric and other agencies concerned, of ice-action, volcanoes, 
earthquakes, and coral islands. Then follow chapters on the 
disturbances of rocks with their effects, on mountain-ranges, on 
metalliferous deposits and veins, on igneous rocks and metamor- 
phism. The various principles of the science are explained 
through well-selected facts and illustrated by numerous excellent 
figures, many of which are new to text-books. Among the latter, 
the one of the interior of Kilauea, we should like to modify. 
Besides figures in the text, there are also folded plates of sections, 
and three folded maps of the world, which add much to the value 
of the work. Of the latter, one is a colored map of the geological 
formations; another, colored, shows the oceanic currents and the 
distribution of coral reefs and islands; the third gives the distri- 
bution of voleanoes. The volume is from the Clarendon Press, 
Oxford. 

7. Artificial minerals.—M. A. DE ScuuLTEN, who has already 
accomplished many interesting results in chemical mineralogy, 
has recently succeeded in forming artificially the hydrous iron 
phosphate compound, Fe,P,O,+4aq, which exists in nature as 
the mineral strengite; the rose-colored crystals obtained had a 
specific gravity of 2°74 and unlike strengite seemed to be mono- 
clinic in crystallization. The method employed was to heat in a 
sealed tube, at 180° to 190° C., 26 cc. of a solution of the salt 
Fe,Cl,+12aq with 4 or 5cc. of a solution of a specific gravity 
1°578. 

The same chemist has formed a hydrate of magnesium in small 
distinct hexagonal crystals (the mineral brucite), and also made a 
crystallized hydrate of cadmium, in flattened hexagonal prisms, 
optically uniaxial. 

8. Paleontology of New York; by James Hatt. Vol. V, 
Part II, Lamellibranchiata——The Plates of Vol. V, Part I of 
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Professor Hall’s volume of plates of the Paleontology of New 
York, illustrating the Lamellibranchiata of the Upper Helder- 
berg, Hamilton and Chemung groups, containing, with a few 
omissions, 80 plates, was issued in 1883, and is noticed in this 
Journal for that year (vol. xxv). Since then, Plates 81 to 92 
inclusive have appeared, and now we have Plates 35 and 42, and 
93 to 96 inclusive. The text of the second part of Vol. V, Part 
I, has also been issued, making the whole complete. Professor 
Hall states that the number of species of American Paleozoic 
Jamellibranchs now known is over 1250; and that nearly half of 
this number have been collected in New York from the Trenton 
and later Paleozoic strata, and 500 from those above the Oriskany. 
The study of the species was a work of great labor and difficulty, 
and Mr. Hall is to be congratulated that the printing is finished. 
All paleontologists will rejoice with him, and give due honor to 
him and to the State of New York for this very valuable con- 
tribution to American science. 

The Annual Report for 1882, of “the State Geologist,” Mr. 
Hall, (in 4to, instead of the usual 8vo form), is made up chiefly, 
after a paper on the mode of growth of Fenestellx, of plates - 
of Fossil Corals and Bryozoans of the Lower Helderberg and 
Bryozoans of Upper Helderberg, 33 in number, and 28 plates 
illustrating the genera of some families of Brachiopods, being 
part of a revision of the Paleozoic genera of this group—portions 
of volumes of great paleontological interest yet to be published. 

III. Borany AnD ZooLoey. 

1. Botanical Necrology for 1885.—Supplemental to the bib- 
liographical notices given in the January number of this Journal, 
pp. 138-22, we should record the following obituaries : 

JEAN-ETIENNE Dusy, long one of the Genevese clergy and 
not undistinguished as a botanist, died at Geneva, Switzerland, 
November 24, 1885, at the age of 88. In the year 1828 he edited 
the second edition of DeCandolle’s Botanicon Gallicum, which 
served an important purpose as the manual of French and Swiss 
botany for many years. In 1844 he produced his memoir on the 
Primulacee, and his elaboration of that family for the Prodromus. 
His other publications relate to the lower Cryptogamia. They 
began in 1829 with a paper on the application of the principles of 
taxonomy to a tribe of Algz: the latest, that we know of, was 
upon some new or little understood Musci, and was published in 
1869. With this venerable man passed away the last of the 
colleagues of Aug. Pyramus de Candolle. 

The Brothers Tutasnr. The elder brother, a botanist of 
remarkable acuteness and sagacity, Louis RENE TULASNE, was 
born on the 12th of September, 1815, and died at Hyéres, on the 
22d of December, 1885, twenty years after he had abandoned all 
scientific pursuits. CHarLEs, born a year later, who published 
no independent work, but Grew most of the excellent figures 
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which illustrate those of his brother, and was associate-author of 
some of them, died a year and a half earlier. Both were devoted 
Roman Catholics, and it is understood that, in giving up botany 
on account of broken health, they retired to a specially religious 
and recluse life, filled with acts of charity. 

Between the years 1841 and 1865 L. R. Tulasne was a pro- 
lific author, and his work was always excellent in matter and in 
finish. Excepting a single essay upon embryology, the phzno- 
gamic papers and memoirs all relate to systematic botany. The 
most considerable of them are his classical monographs of Podos- 
tomacee and of Monimiacee. The mycologists tell us that his 
Fungi Hypogzei and the Selecta Fungorum Carpologia are the 
most important works of the age in that department. A. G. 

2. Drugs and Medicines of North America, a publication 
devoted to the Historical and Scientific Discussion of the Botany, 
Pharmacy, Chemistry and Therapeutics of the Medicinal Plants 
of North America, their Constituents, Products, and Sophistica- 
tions. Vol. 1. Ranunculacese. J. U. Luoyp, Commercial History 
and Pharmacy. C. G. Luoyp, Botany and Botanical History. 
Cincinnati, 1884-85, pp. 304, imp. 8vo.—With the ninth fascicle 
this volume is completed, and an index, new title-page, etc., are 
given. It appears that, besides the very numerous figures (over 
one hundred), which are scattered through the letter-press, there 
are twenty-five full-page illustrations, chiefly figures of the plants 
under consideration, and very good ones too. An idea of the 
thoroughness and extent of the work may be had by considering 
that this whole volume is devoted to the plants of one order, the 
Ranunculacee ; and “it cannot be denied that a plan so compre- 
hensive has involved great expenses and difficulties.” One reads, 
therefore, with a gratification not unmixed with wonder, the 
courageous announcement that: “ We next take up the succeeding 
natural orders, and hope to continue until we have completed the 
subject.” 

Having already given a notice of the earlier parts of this vol- 
ume, now brought to completion, we have only to state that the 
last two fascicles are devoted to Cimicifuga and to Xanthorrhiza. 
The authors will notice that we follow their orthography of the 
name. It is the unquestionably correct form. ‘The only reason 
-why it has not been altogether adopted is that the form given 
by L’Heritier, Zanthorhiza, was supposed to have been earliest 
in publication, and botanists are not allowed much discretion in 
mending faulty names. But as the origination of the name is 
generally attributed to Humphrey Marshall, and as he published 
it with the correct initial, in the same year (1785) which is borne 
on the title-page of that fascicle of the Stirpes Nove by L’Heritier, 
who prints it with a wrong initial letter, no rule of priority is 
violated in the correction of a faulty orthography. This may be 
done without charging, as the authors of this volume do (in a 
foot-note), “that L’Heritier deliberately stole the name and ante- 
dated its publication.” They have themselves antedated it, by 
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giving 1784 as the date of L’Heritier’s publication: that fascicle 
of the Stirpes Nove bears the date of 1785. He got the plant 
from the English gardens, to which it came from Bartram, and 
took up the name under which, doubtless, it came to him. 
Between a wrong and a right form of the same name, under the 
same date, there is no question which should be employed. 

The genus being anomalous in Ranunculacew, and having a 
woody stem, containing plenty of berberin, our authors opine 
that the genus should be transferred to the Barberry family. 
But the floral characters would be far more incongruous there; 
and it would be carried away from Hydrastis, which has the same 
yellow coloring matter and also contains berberin. A, G. 

3. Leerboek der Planten-physiologie, door Hueco DE VRIEs. 
Amsterdam: Brinkman, 1880. pp. 300, 8vo.—This is the physio- 
logical and histological part of the Leerboek der Plantenkunde, 
i. e., the Botanical Text Book of Oudemans and the present 
author, with which the Netherland students are highly favored. 
It is out of print; but when the expected new edition appears, it 
would be well if some one would translate it into English. For 
Professor de Vries is as excellent in exposition as in research. 
We turn to this volume just now because the author is one of the 
most notable investigators of plant-movements, and was among 
the first to indicate the correlation of these movements with 
growth. If we rightly remember, he was at first inclined to 
regard the movements as a phenomenon of growth. But he was 
too good an observer to rest in that opinion, the total improba- . 
bility of which must be manifest upon a survey of the whole 
field. For obvious reasons, visible movements would in general 
be manifested only in growing or freshly grown organs, and vary- 
ing turgor of the protoplasm ‘of the cells concerned, which causes 
the visible movements, must needs go along with ‘growth. But 
when the tendril of a Sicyos incurves or coils promptly upon a 
light touch, straightens after a brief interval, and coils again 
upon renewed touch, and when as a result of repeated irritation, 
the organ becomes weak and flabby instead of rigid, one would 
say this is no more the result of alternate growths on the two 
sides than are the movements to and fro of the leaflets of Desmo- 
dium gyrans. As De Vries states it, while growth and turgor 
may be intimately associated, in very many cases there is no per- 
manent elongation of the part, but only a temporary lengthening 
due simply to increase in turgor; that in others, when accom- 
panied by growth, the latter is insufficient to account for the 
wide movements ; 3 and that in still other cases, where there is no 
recognizable growth, the movements are attributable to varia- 
tions in turgor alone. He suggests, in continuation, that “the 
elongation which cell-walls undergo i in these movements through 
turgor generally, may exert an influence upon intussusception by 
which new solid molecules are thrust in between previous existing 
ones in the direction in which elongation has taken place; conse- 
quently the elongation, at first caused by turgor only, may after- 
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ward become independent of it. The extended observations of 
Professor Penhallow, recorded in the three preceding numbers of 
this Journal, may be interpreted in accordance with these views. 
We should say that they do not necessitate the quite different 
conclusions he draws in his summary on page 189. A. G. 

4, Bailion’s Dictionnaire de Botanique we now have down to 
the nineteenth fascicle, and down to the latter part of the letter 
G, with the accustomed fullness of articles of every sort, germane 
to the subject, and with the usual wealth of illustrations. See 
for example the article Fruit. A. G. 

5. Baillon’s Histoire des Plantes.—After considerable delay we 
now have the closing part of the eighth volume, but with title- 
page to the parts only, none of the volume itself; and the same 
is to be said of the two last preceding volumes. The present 
part, which goes with the Composite, is a monograph of the Cam- 
panulacee (in a very extended sense), Cucurbitacew, Loasacece, 
Passifloracee, and Begoniacece. A. G. 

6. Plants naturalized in the southwest of France: Recherches 
sur les Plantes naturalisées dans le Sud- Ouest de la France; par 
JosEpH Lamic. An exhaustive article of 122 pages in the Annales 
des Sciences Naturalles de Bordeaux et du Sud-Ouest, tom. iv, 1885. 
—The basin of the Garonne, and especially the neighborhood of 
Bordeaux and Bayonne, is thought to have received a larger in- 
fusion of foreign plants, in proportion to its indigenous species 
than any other part of France, or even of Europe. Dr. Guillaud 
estimates them at about one-thirtieth of the Phenogams of the 
flora. M. Lamic counts them at 80 out of 2500. In this essay, 
after sketching the features of the region (ancient Aquitania), and 
defining what he means by a naturalized plant (not hesitating to 
include those which multiply by budding, if they are fully estab- 
lished), and considering the degrees, proofs, and means of natural- 
ization, he takes up these denizens in order, and tells us what is 
known of the mode and time of introduction. We will note 
some of the North American species. 
Lepidium Virginicum, L.—This was detected at Bayonne with- 

in the half century, and up to 1868 was unknown elsewhere in 
France, It has spread widely since the introduction of railways, 
and doubtless by their aid, partly through increase and continuity 
of its favorite habitat, im glareosis. 

Senebiera pinnatifida, DC., or didyma, Pers.—This is attrib- 
uted to the Southern United States, but its home is probably 
farther south. 

Hibiscus Moscheutos, L.—The history of the identification of 
H. roseus of S. Europe with this species is given in full detail. 
There is no documentary evidence of its introduction into Europe 
where it has been known (in Italy) for 350 years. If our author 
were acquainted with it in its native country he would have dis- 
missed his lingering doubts as to its North America origin. 

Ethus typhina, L.—Propagates by seed and is establishing 
itself in southwestern France. 
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Robinia Pseudo-acacia, L.—Alphonse de Candolle would not 
admit this to be really naturalized in Europe, on the ground that 
it multiplied only by the root. Mr. Lamic asserts that to his 
knowledge, it spontaneously propagates by seeds as well. 

Gaura Lindheimeri, Engelmann and Gray (by some oversight 
attributed to Linnzus) finds a place in this list because it was 
found growing wild near a railway station in the Landes. Dr. 
Guillaud thinks it came with American grain which had been un- 
loaded there. This seems to us very improbable. It is more sup- 
posable that it was an accidental escape from cultivation. 

Solidago Canadensis, L., 8. glabra, Desf., EHrigeron Canadense, 
Aster Novi-Belgii, &c., need not be remarked upon; Boltonia 
glastifolia is a recent arrival, but at some places near Bordeaux 
it seems to have come to stay. 

Vittadinia triloba, DC.—M. Lamic says this is a native of 
New Zealand; he should mean New Holland. But his plant 
doubtless is Hrigeron mucronatum, of Mexico, which persists in 
European gardens under this totally wrong name, long since 
corrected. 

Xanthium macrocarpon, DC., which we suppose is one of the 
forms of X. Cunadense, Mill., though perhaps not original to so 
northern a region, was known in Europe only around Montpel- 
lier in 1814; it is now largely diffused through a wide region. 

Asclepias Cornuti, has recently naturalized itself in Aquitaine, 
where it spreads freely by its deep root-stocks. Lamic refers its 
home to the southern Atlantic States; we should reter it rather 
to the northern. 

Sagittaria obtusa, Willd.—The male sex of this species has in 
some way been transported from N. America to the waters of the 
Bordeaux district, where it is spreading widely, although it never 
fructifies; in this respect it follows the example of Anacharis 
Canadensis, which has also occupied the waters of the whole dis- 
trict. 

Juncus tenuis, Willd., is also a late naturalization. Lamic 
reckons Georgia and Carolina as its home: but its range is more 
largely northern. 
From their omission, it would appear that Elatine Americana 

and Ilysanthes gratioloides, which have somehow found their 
way to the region of the Loire, have not reached the basin of the 
Garonne. A. G. 

7. Proressor Epwarp TUCKERMAN, one of our oldest and best 
botanists, and probably the most profound and trustworthy 
lichenologist of the day, died at Amherst, Massachusetts, on the 

. fifteenth of March. AGG 
8. Adaptation to an emergency in the Cicada septendecim. 

—Dr. J. 8. Newxerry, in the School of Mines Quarterly (vol. vil, 
January, 1886) describes a singular case of adaptation to a new 
condition in the Seventeen-year locust. A surface of ground, in 
the outskirts of Rahway, N. J., in which the larve of the locust 
had buried themselves, as the sequel shows, was afterward built 
over. The cellar of one of the houses, which was without a floor 
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over the earth at bottom, had been kept closed and dark until about 
the time for the escape of the Cicadas. When opened, it was 
found thickly set with tubular mud-cones, 6 to 8 inches high and 1 
to 14 thick. The bottom had been dug over to a depth of a foot 
into red clay, when the house was made, so that it is certain there 
was nothing there of the kind then. At the time of the opening, 
the tops of the cones were closed, and on breaking them the 
pup were found inside. After the Cicadas had appeared, holes 
were found in the tops. 

Dr. Newberry received specimens of the cones from four cit- 
izens.of Rahway, who testified to the facts as to the cellar. The 
club-shaped cones are roughly made of pellets of the clay. Dr. 
Newberry observes that the Cicadas, finding the place dark, and 
apparently desiring to work up to daylight, made the pellets of 
moist clay and with them built up the tubes, as if “for the pur- 
pose of bridging over the vacancy, and thus reaching the surface.” 
What schooling or experience could have “fitted the Cicadas for 
the engineering work they attempted” Dr. Newberry leaves for 
others to explain. An excellent figure of the club-shaped cones 
accompanies the paper. 

9. Bulletin of the Scientific Laboratories of Denison Univer- 
sity. Edited by C. L. Hrrricr, Prof. Geol. and Nat. Hist. 136 
pp. 8vo, with several plates, and an Appendix of Tables for the 
determination of minerals. Granville, Ohio.—This first Bulletin 
from Denison University contains the following papers, showing 
remarkable scientific activity at the institution: On the Evening 
Grosbeak, Hesperiphona vespertina, with a colored plate of the 
bird, and a plate illustrating details in the osteology, by Professor 
Herrick; Metamorphosis of Phyllopod Crustacea, with five well- 
drawn plates, by the same; Superposed buds, with one plate, by 
A. F. Foerste, of the university; Rotifers of America, Part I, 
with a description of a new genus and several new species, and 
four plates, by Professor Herrick; the Clinton Group of Ohio, 
with descriptions of new species of fossils, and two plates con- 
taining figures of nearly forty species of fossils, by A. F. Foerste. 
The lithographic plates of the volume were all made by Professor 
Herrick. The expenses of the volume were met by the contribu- 
tions of friends of the university. The material is ready for 
another number, which they hope to meet from the proceeds of 
the present volume, for which the charge is $1.25. 

10. Evolution versus Involution: a Popular Exposition of the 
Doctrine of true Evolution, a refutation of the Theories of Her- 
bert Spencer and a vindication of Theism; by A. Z. Rrep. New 
York, 1885. (James Pott & Co.).—The author of this work 
means well; but his subject is evidently too deep and broad 
for him. 

TV. ASTRONOMY. 

1. Uranometria Nova Oxoniensis, a photometric determination 
of the magnitudes of all sturs visible to the naked eye from the 
pole to ten degrees south of the equator; by Professor C. 
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PritcHarp. $8vo. Clarendon Press. Oxford, 1885.—This vol- 
ume contains the results of Professor Pritchard’s measurements 
during several years past of the light of the stars by the use of 
the Wedge Photometer. This instrument is a wedge of very 
nearly neutral tinted glass six and a half inches long, an inch 
broad, and 0°145 inch thick at one end, and tapering to ‘02 inch 
at the other. The two places in the wedge at which the light of 
two stars is extinguished having ,been observed, the distance 
between them is taken as a direct measure of the difference of the 
magnitudes of the two stars. The stars selected are those of 
Argelander’s Uranometria Nova. 

The Harvard Photometry was published when the measures 
for the Uranometria were about three-fourths completed, so that 
Professor Pritchard has been able to compare his results with 
Professor Pickering’s in the notes. 

The Royal Astronomical Society, of London, has awarded Cop- 
ley medals to both Professor Pickering and to Professor Pritchard. 

2. Nebule in the Pleiades.—On the 16th of November Messrs. 
Paul and Prosper Henry of Paris discovered a nebula close to 
Maia upon their photograph of the Pleiades. It had a well-_ 
marked spiral form and seemed to proceed from the star. It was 
about 3’ in extent. It could not be seen in their telescopes. 

The nebula was, however, afterward seen by M. Struve in the 
newly mounted 32-inch refractor at Pulkowa. Markings of the 
same nebula have since been found by Professor Pickering upon 
a photograph taken by him at the Harvard College Observatory, 
Nov. 3d. These had been assumed by Professor Pickering to be 
due to defects in the photographic process, but the irregularities 
of light correspond so closely to what is described by Messieurs 
Henry that there can be no doubt as to their origin. The photo- 
graph also shows markings corresponding to the disputed nebula 
about Merope. A faint narrow streak proceeds from Electra also. 
No nebulous light is noticeable about Alcyone, Atlas, Pleione, or 
Taygeta. 

3. Relation of the Zodiacal Light to Jupiter—Dr. H. Grxrt- 
MUYDEN, of Christiania, in a letter speaks of Professor Searle’s 
researches upon the zodiacal light (see this vol., p. 159). He says: 
‘““If the zodiacal matter has the same position among meteoric 
matter in general as comets of short period among comets, it is to 
be expected that the fundamental plane of the zodiacal light will 
have some relation to Jupiter as the principal motor in deflecting 
the orbits, and therefore in collecting the matter. Now it is 
worth remarking that the most northerly point of Jupiter’s orbit 
has the heliocentric longitude 188°, or with 60° east elongation 
178° geocentric longitude; and for matter in the same plane, but 
nearer the Sun, the approximation to coincidence with 160° is still 
greater.” 

4. Relation of Asteroid Orbits to those of Jupiter—In Mr. 
Searle’s paper (see this vol., p. 160) it is shown that the asteroid 
orbits have some relation to the plane of the zodiacal light. ‘These 
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orbits should have a relation to the orbit of Jupiter. For, sup- 
pose the orbits of the asteroids to be distributed in any manner 
whatever, provided only that they shall make small angles with 
the plane of Jupiter’s orbit. The action of Jupiter should give 
to each orbit a motion of its node, and these motions of “the 
nodes will not be the same for the different orbits. After the 
lapse of a considerable time the orbits will thus evidently come 
to be distributed somewhat symmetrically about Jupiter’s orbit. 

This relation is moreover easily shown to be true in fact. For 
if we take on the celestial sphere the poles of the 251 known 
asteroid orbits and compute the center of gravity of these as 
points of equal weight, that center of gravity is found to be only 
300 from the pole of Jupiter’s orbit. 

Regarding this center of gravity as the pole of the mean-plane 
of the asteroid orbits, we may say: that the plane of Jupiter's 
orbit lies nearer to the mean-plane than does any single asteroid 
orbit-plane to the mean-plane. The asteroids whose orbits have 
inclinations to the mean-plane less than one degree are Medusa 
and Euterpe, whose inclinations are 46’ and 49’. 

Only one asteroid orbit-plane lies nearer to Jupiter’s plane 
than does the mean-plane to Jupiter’s plane. The asteroids 
whose orbits are inclined less than one degree to Jupiter’s plane 
are Euterpe, Elsa, and Vanadis, whose inclinations are 19’, 43’, 
and 55’. H, A. N. 

5. Photographs of the Solar Spectrum.—The announcement 
has been recently made that the photographic map of the normal 
Solar Spectrum, made by Professor H. A. Rowland with one of 
his concave gratings, is nearly complete. Seven plates on heavy 
albumen paper are offered for sale; each contains two strips of the 
Spectrum, and one of them gives three; they are three feet long 
and one foot wide. The region covered by these plates extends 
from wave length 3100 to 5790. Those interested are already 
aware of the unique value of these photographs. The price for 
the set is $10, or $12 if mounted on cloth, and for a single plate 
$2 and $2.25 respectively. Orders should be sent to the Pub- 
lication Agency of the Johns Hopkins University, Baltimore, Md. 

V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. Report of the International Polar Eapedition to Point 
Barrow, Alaska. 695 pp. 8vo. Washington, 1885.—This vol- 
ume contains an account of the results obtained by the United 
States expedition to Point Barrow in 1881, 1882, and 1883. The 
narrative of Lieutenant Ray is brief but interesting, and is fol- 
lowed by a chapter by him giving an ethnographic sketch of the 
natives ; both of these are accompanied by a number of excellent 
full-paged phototypes, of the northern scenery, ice phenomena 
and also portraits of the Eskimos. Part IV is devoted to the 
mammals, birds, ete. Thisis written by John Murdoch except the 
report on Mollusks, by W. H. Dall. The remainder of the volume 
is devoted to the subject which formed the special study of the 
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expedition, viz: the meteorological, magnetic and tidal observa- 
tions; this record is very full and may be expected to yield im- 
portant results, especially when digested in connection with the 
observations made by other of the International Polar Expedi- 
tions at their respective stations. 

2. Third Annual Report of the Bureau of Ethnology to the 
Secretary of the Smithsoniun Institution, 188182, by J. W. Pow- 
ELL, Director. pp. lxxiv and 606, 4to, with numerous colored and 
uncolored plates and other illustrations.—The third annual report 
of Major Powell is, like its predecessors, a valuable contribution to 
Ethnology. The volume contains, besides the Director’s report, 
which forms the introduction, papers on the following subjects: On 
certain Maya and Mexican manuscripts, by Cyrus Thomas; on 
masks, labrets and certain aboriginal customs, by W. H. Dall; on 
Omaha Sociology, by J. Owen Dorsey ; on Navajo weavers, by Dr. 
W. Matthews; on prehistoric textile fabrics of the United States, 
derived from impressions on vottery, by W. H. Holmes; also two 
illustrated catalogues of collections made in 1881, by W. H. 
Holmes, and by James Stevenson. 

3. Thermometer Exposure; by Henry A. Hazen. 32 pp. 4to,- 
Washington, 1885, (Professional Papers of the Signal Service, 
No. xviil.)—This memoir contains an extended discussion of the 
subject treated by the same author in an article in this Journal 
in 1884 (vol. xxvii, 365); it concludes with an illustrated descrip- 
tion of the roof thermometer shelter adopted by the U. S. Signal 
Service. 

4, Wohler Memorial.—An urgent appeal is being made anew 
in behalf of the fund for the statue to be erected at Gottingen 
in commemoration of the life and work of the eminent chemist 
Friedrich Wohler. This fund now amounts to about $4,000, but 
must be considerably increased before it will be sufficient for the 
end in view. . The circular of the committee asks for aid, by indi- 
vidual subscription and influence, from all in this country inter- 
ested, especially from the chemists. Prof. J. W. Mallet of the 
University of Virginia is Chairman, and Prof. Ira Remsen of 
Baltimore, Secretary and Treasurer. 

OBITUARY. 

A. von Lasavtx, Professor of Mineralogy at the University of 
Bonn, died on the 25th of January, at the age of forty-six. 
He was one of the most active workers in Germany in the 
departments of Mineralogy and Petrography, and his early death 
is a severe loss to science, 

Heryricu Fiscuer, Professor of Mineralogy at the University 
of Freiberg in Baden, died in February last. His most important 
contributions were in the line of microscopical mineralogy, and 
to the study of the various minerals included under the name jade 
he devoted himself most earnestly, both from the mineralogical 
ard archeological side. His most important work was a volume 
of 400 pages upon “‘ Nephrite and Jadeite” published in 1875, 
and a second edition in 1880. 
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Art. XXX.—The columnar structure in the igneous rock on 
Orange Mountain, New Jersey ;* by JosEPH P. IDDINGS, of 
the U. S. Geological Survey. (With Plate IX.) 

Tue long ridge lying west of the City of Orange, N. J., and 
locally known as the Orange Mountain, is formed of beds of 
older Mesozoic sandstone, dipping gently to the northwest. It 
is capped by a layer of igneous rock variously designated as 
“trap,” diabase or dolerite. The same rock forms the Palisades 
on the Hudson and occurs over large areas in Connecticut and 
other Kastern States. The thickness of this particular layer 
varies considerably, but in the vicinity of Orange it averages 
about 100 feet. Along the east face of the ridge it is exposed 
as a cliff whose lower portion is concealed under the angular 
fragments into which the rock readily breaks; but numerous 
quarries have been worked in it to obtain the material for 
building the excellent roads which traverse the neighboring 
country. These quarries, many of them of long standing, give 
us in section the structure of this lava sheet. In nearly all of 
them a more or less distinctly columnar structure is noticeable 
in some part of the exposure, usually the upper portion. Two 
localities are of special interest, because of the size and perfec- 
tion of the columns in one case, and of their arrangement in 
converging groups in both places. 

The first is John O’Rourke’s quarry on Mt. Pleasant avenue, 
just south of Llewellyn Park. ‘This has lately become quite 

* Read before the Philosophical Society of Washington, June 6th, 1885. 
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renowned for its large vertical columns, which have attracted 
crowds of sight-seers from the immediate vicinity. While 
these columns are very fine examples of what is commonly 
met with on a smaller scale in many other localities, the chief 
geological interest is centered in the curving and radiating 
columns of smaller size into which the upper part of the mass 
is broken. A general view of this quarry is given in the ac- 
companying sketch, Plate [X, made from photographs taken by 
the writer in May, 1884, and subsequently ; it therefore exhibits 
some features which have been removed. At the southern end 
of the quarry, left end of the sketch, rise large massive columns 
from three to four feet thick and thirty feet high. They differ 
in the number of sides, having four, five or six. The faces of 
parting are not plane, but warped, giving a wavy form to the 
columns. These columns diminish in height toward the north, 
their breadth remaining constant, and are overlaid by long 
slender ones, eight or ten inches thick, which meet them at 
different inclinations. ‘The main mass of these slender columns 
converge toward a center at the top of the cliff about 90 or - 
100 feet above the floor of the quarry, which is only a few feet 
above the beds of sandstone. Here they extend from top to 
bottom and slope off to the north where they again lie upon 
tbe tops of thick vertical columns like those to the south. 
These stretch for a hundred yards farther north and differ in 
height from fifteen to thirty feet, being highest near the north- 
ern end of the quarry. 
Upon closer inspection it is seen that the tops of the large 

vertical columns taper off and curve over on one another in a 
direction away from the center of convergence of the overly- 
ing columns, the upper and lower columns blending along the 
line of junction. At the southern end of the central mass the 
slender columns are nearly horizontal; to the left of these are 
slender vertical ones joining the first along a line inclined at 
about 45°, along this they blend in the same manner as at the 
junction of the upper and lower ones. A little farther to the 
left, the system of slender vertical columns comes in conjunc- 
tion with the larger vertical ones. The central mass of small 
columns is further seen to converge to more than one focus, 
three distinct ones lying near the face of the cliff and others 
having been situated a little in front of it. These slender col- 
umns are not straight except near the surface where they are 
in groups of vertical prisms, from which they curve gradually 
to an almost horizontal position. 

Above the heavy columns to the north the small ones lie at 
various angles; those to the extreme right of the central mass 
are partially exposed in nearly horizontal position, their dis- 
tinct forms losing themselves in a confusion of cracks, out of 
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which a little farther on emerge small upright columns more or 
less inclined. The tops of the lower massive columns bend 
away from the central mass just as those to the south, the junc- 
tion of the two systems having been finely exposed quite 

recently. Where the small vertical columns connect with the 
lower ones, the rock is seen to be continuous from one into the 
other. The system of cracks alone changes and most of the 
upper cracks come to an end without causing a line of demarca- 
tion between the upper and lower columns. 
A second and in some respects more interesting exhibition of 

curving and radiating columns is to be seen about a mile and a 
half from that just described, in the Undercliff quarry in Llew- 
ellyn Park near the north gate. The same layer of rock is 
here exposed in a section from 80 to 100 feet high by a cliff 
some 700 or 800 feet long. The lower half is divided by two 
quite regular sets of cracks into broad rectangular masses. 
less uniform partings in other directions are occasionally no- 
ticed, but no distinct columns have been developed. ‘The 
upper half, on the contrary, is divided into small columns ten or 
twelve inches thick, which radiate downward from foci at the 
surface 50 to 100 feet apart. As many as seven or eight cen- 
ters can be distinctly made out along the face of the exposure. — 
The general appearance at a distance is that of a layer of col- 
umnar rock resting upon a massive one, with a well-marked 
line of contact between them, but closer inspection shows that 
no such line of separation exists, the columns coming down un- 
evenly upon the lower mass at all angles from vertical to hori- 
zontal, and the rock of the upper and lower portions passing 
uninterruptedly from one to the other. The apparent differ- 
ence arises solely from the systems of cracks which divide each. 
The best exposure in this quarry is directly back of the stone- 
crusher, where the blending of the upper and lower portions 
can be easily seen. The same columnar structure in converg- 
ing groups is exposed to the north and south of the quarry 
though much obscured by the soil and débris. 

That the upper and lower portions of this lava sheet belong 
to one and the same mass of rock is shown not only by the 
uninterrupted continuance of the rock from the lower mass 
into the more nearly vertical upper columns, specially notice- 
able in the quarry in Llewellyn Park, and to some extent in 
John O’Rourke’s quarry, but also by the mutual accommoda- 
tion of the different sets of columns in the latter place, and the 
fact that along what has been supposed by some to be a plane. 
of contact between a lower and upper flow, the columns which 
should then have formed last are not perpendicular to that 
plane, but meet it at all angles. 

The lower massive columns at the southern end of John 
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O’Rourke’s quarry are modified near their junction with the 
smaller ones above in exactly the same manner as the small 
vertical ones higher up are at their junction with the nearly 
horizontal columns, In each case the ends of the two sets 
taper off and curve in one direction, indicating that the forces 
developing one set of columns were affected by those develop- 
ing the other set, giving rise to resultant forces which brought 
the columns finally into parallelism. 

The columnar structure in volcanic lavas is unquestionably - 
a cracking produced by the shrinkage of the mass upon further 
cooling after it has consolidated into rock, which still retains a 
great amount of heat. That in every case the mass is solidi- 
fied before it is cracked is shown by the dividing of erystals 
and crystal aggregations lying in the path of the crack, which 
are cut across sharply, the two portions remaining firmly fixed 
in their respective matrices, whether these be crystalline grains 
or glass. In the case of volcanic glasses the columnar parting 
passes through the mass without in the slightest affecting the 
most delicate indication of flow structure, showing that the ~ 
glass was rigid before it was fractured. It is also a fact of 
observation that the direction taken by the columns is perpen- 
dicular to the plane of cooling, often the plane of contact with 
another rock. 

Before entering upon a discussion of the nature and develop- 
ment of columnar structure it will be well to consider the 
process of cooling and solidification of a molten lava. It is 
well known that a solid crust quickly covers the fluid rock 
after its eruption, and increases more and more gradually in 
thickness as the cooling advances, the fluidity of the mass be- 
neath in like manner decreasing. Owing to the poor conduct- 
ivity of rock the rate of cooling of the inner portion becomes 
less and less as the crust thickens, and the central portion re- 
mains at a high temperature for a very long period, as has often 
been observed; thus the changes in it are far more gradual 
and uniform than they were near the surface. 5; 
When the surface layer of a molten mass consolidates rap- 

idly while the portion beneath is still fluid its contraction will 
meet with little or no resistance. ‘The more gradual contrac- 
tion of lower layers will be attended with relatively greater 
resistance as the fluidity of the mass beneath becomes less. 
The actual amount of contraction in different parts of the mass 
must also increase with a decrease in the rate of codling in 
consequence of the greater degree of crystallization attained, 
for the crystalline form of a rock has a higher specific gravity 
than the more glassy form of the same magma and therefore 
occupies a smaller volume. 

The resistance to contraction in the portion of the x mass near 
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the surface, under these conditions, will be least in a direction 
parallel to the surface and greatest in one normal to it, and 
when the limit of tension is reached the resulting rupture 
which takes place at right angles to the direction of maximum 
strain, will be parallel to the surface of the mass. As the con- 
solidation due to surface cooling proceeds inward the resistance 
to contraction parallel to the surface increases at a greater rate 
than that normal to it, a point may then be reached where re- 
sistance in the first named direction will exceed that in the sec- 
ond and the resulting rupture will be perpendicular to the 
cooling surface. 

Hence it so frequently happens that the rapidly cooled, 
upper portion of a surface flow of lava is divided into plates 
approximately parallel to its surface while the more slowly 
cooled mass beneath is cracked more or less vertically. For 
the same reason also the quickly cooled sides of an intrusive 
mass are split into plates by cracks parallel to the contact 
surface, the cracks being closest together nearest the surface, 
where the lateral resistance to contraction has been least. 
These cases of tabular parting, however, must not be con- 
founded with the general tabular parting of many lava flows - 
which arises from inherent lamination due to layers of different 
texture or consistency, producing planes of weakness through 
the mass. 

Columnar structure then is found in that part of a lava flow 
which has consolidated and contracted slowly under the influ- 
ence of surface cooling, and the laws governing its develop- 
ment may be reached by considering the origin and progress of 
a crack caused by the shrinkage of a homogeneous mass through 
surface cooling. Starting with a plane surface over which 
forces producing contraction are acting uniformly, the contrac- 
tion produced on the surface of the mass in a given time will 
be greater than that produced at some depth within the mass, 
and will decrease gradually inward. As the contraction pro- 
gresses the limit of tension in the direction of the surface will 
be reached before that in the direction of depth causing a rup- 
ture across the direction of the surface, and as the limit of 
tension for the layer next below is reached it will rupture in 

the same direction as the surface layer did, and so on. The 
direction of the crack will be at right angles to that of greatest 
contraction, or normal to the line of maximum strain. The 
condition of the mass at the moment the limit of tension along 
the surface is reached may be graphically represented as in fig. 
1, the contraction being a maximum in the top layer and 
diminishing successively in each layer beneath to that with 
the initial expansion; the distance of this layer from the sur- 
face being taken as unity the maximum contraction at the 
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moment of rupture will be equal to twice the tangent of a, then 
2 tan a represents the limit of tension and will be constant for 
any given substance. 

As the conductivity of a cooling body is not directly pro- 
portional to the degree of radiation from its surface the differ- 
ence between the contraction of successive layers of a rapidly 
cooling mass will be greater than between those of one cooling 
less rapidly, and what may be styled the angle of contraction 
will be greater in the former case than in the latter. If a cer- 
tain rate of cooling causes a single rupture in a given extent of 

mass, represented in fig. 1, then a greater rate of cooling which 
would produce in the same extent of mass a contraction repre- 
sented by a greater angle, , will cause as many ruptures as 

Sotan 
the ratio 

tan @ 

If the forces producing contraction are unequally distributed 



Mesozoic Igneous rock of New Jersey. 327 

over the surface ad, fig. 2, being a maximum at c, the maxi- 
mum strain at the beginning will be in the direction of the 
surface and the cracks will start normal to it, but their progress 
inward will no longer be uniform. At the end of a given time 
the limit of tension reached by a greater force, at f, will be 
farther from the surface than that reached by a less force, at g, 
and the line of maximum strain in this portion of the mass will 
be g’ 7’, to which the crack of parting will be normal. At the 
end of another given time the direction of the crack will be 
again changed, and the same action taking place in other parts 
of the mass will result in a system of diverging and curving 
cracks. 

Tf the surface from which uniform cooling takes place is not 
plane but warped it is evident that the cracks normal to it will 
start in various directions through the mass. 

So far we have considered the shrinkage in one plane only, 
that is in a plane at right angles to the cooling surface. But 
in a homogeneous mass the contractile force which produces 
eracks at certain distances will exert itself equally in all direc- 
tions over a surface uniformly subjected to the cooling forces, 
and will at the instant of rupture act toward centers whose 
distance apart is dependent on the rate of cooling. If the mass 
is perfectly homogeneous the centers of contraction will be 
disposed over the surface with the greatest uniformity possible, 
that is, they will be equidistant throughout, fig. 3, and the re- 
sultant fractures will be in a system of hexagons; the inward 
progress of these divides the mass into prisms. If from any 
irregularity in the composition or petrographic structure of a 
rock the contractile force acts unequally in different directions. 
The form of the polygons will be less regular. Those most 
commonly found in rocks are quite irregular, adjacent prisms 
having four, five and six sides of unequal size. 

The mutual influence of the forces producing different 
prisms as they approach each other is readily understood from 
the following: take the case of two columns s, s’, fig. 4, ap- 
proaching one another, and suppose the progress of the max- 
imum strain to have reached ab, a’b’, the forces producing con- 
traction acting through a and a’ will meet and react on each 
other before those acting through 6 and 0’, so that the points of 
maximum strain at the end of a given time will have advanced 
farther along the lines through a “and a’ than through 6 and 0’. 
The Jines of greatest strain will then be cd and cd" and the 
cracks normal to them will take the direction ce and c’e’. This 
reaction will continue till they become parallel. 

ff there were but two columns forming at equal rates they 
would curve symmetrically and continue in parallel directions 
and of constant width, but if one column progresses more 
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rapidly than the other they will no longer curve to the same 
extent and the slower one will curve more than the faster one, 
Instead of two single columns there are always two groups 
approaching one another, fig. 5, and these prevent the continua- 
tion of the columns beyond the curve, pinching them out and 
causing them to taper off as already observed in the quarry 
described. 

The difference in the systems of cracks of the lower and 
upper portions of this lava sheet may then be accounted for by 
a difference in the rate of cooling from the bottom and top 
surfaces. The more frequent fractures arising from the more 
rapid cooling; the two systems proceeding from their initial 
planes until they blend in one another within the mass. If for 
any reason the cooling from one surface should take place 
irregularly and from any point proceed more rapidly than from 
others, it is evident that there would result a set of curving 
columns diverging from this point asa focus. The curving 
and diverging of the upper sets of columns in this locality then 
may be ascribed to differences in the rates of cooling from the ~ 
upper surface, which might be brought about in a variety of 
ways. What were the most likely ones in this instance it is 
difficult to say, since erosion has carried away the top of the 
layer at this place and left us in doubt as to its original condi- 
tion. 

There remains to be considered the subsequent contraction 
exerted in all directions through the prisms into which the 
mass has been divided, for the effect of surface cooling having 
been expended in producing the prismatic cracks, the subse- 
quent contraction results from a still more gradual cooling of 
each of these portions with little reference to the source of 
cooling. The uniform contraction of a homogeneous body acts 
equally in every direction through it, and its effect corresponds 
to the equal shortening of the radii of a sphere of such a body. 
If from a uniform resistance cracking or parting occurs it will 
take the form of concentric spherical shells. If for any reason 
the uniform resistance to the contracting force be counteracted 
by some other force acting in a particular direction the parting 
will no longer be spherical but ellipsoidal, as will be seen from 
fig. 6, where abe represents a section through the sphere along 
the radii of which contraction takes place. A uniform resist- 
ance in the direction of the radii represented by cc’, dd’, etc., 
will produce a parting parallel to the arc of the circle c’d’e’, ete. 
If, however, the resistance in a direction parallel to the line ae 
be neutralized by some force, the resistance along the different 
radii will be diminished by the amount of the component par- 
allel to ac in each case, and the resulting fracture will be 
parallel to the ellipse cb’, ‘the relative tendency to fracture also 
being indicated by the area bcb’. 
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Such a parting is well developed in the large columns in 
John O’Rourke’s quarry, the major axis of the ellipsoid being 
vertical, as it should be if the weight of the superincumbent 
mass counteracted any resistance to contraction in a vertical 
direction. The shells formed are often quite thin, being one or 
two inches in width. This system of cracks is subsequent to 
the columnar parting, each group of ellipsoidal sunderings be- 
ing confined to a single column, and not extending into adja- 
cent ones. The lower half of most of these spheroidal groups 
appears to have been better developed than the upper half, but 
this may result from the secondary action of frost which would 
be greatest on the cracks retaining most moisture, as those 
curved upwards naturally would. Occasionally the upper set 
of cracks are as well marked as the lower and adjoin the lower 
set of a spheroidal group above. Undoubtedly the spheroidal 
sundering in this instance has resulted from the contraction of 
a cooling mass of rock, but differs from the columnar parting 
in that the latter is the result of progressive cooling from the 
surface of a mass inward, while the former is produced by a 
contraction acting equally in all directions through a mass. 

The cup-shaped jointing of columns so well developed in 
some localities 1s probably a form of spheroidal sundering 
brought out by a resistance to contraction along the length of 
the columns and may curve in either direction as the result of 
particular conditions, the minor axis of the ellipsoid’ lying in 
the direction of maximum resistance. 

The wavy form of the columns large and small suggests 
irregularities in the mass which disturbed the uniform advance 
of the lines of maximum strain and caused them to deviate 
from parallelism. 

The superficial banding of the large vertical columns by 
nearly horizontal notches or grooves, which produce bands 
three or four inches wide, frequently ends squarely in a way 
which somewhat resembles layers of bricks, as suggested by 
Professor George H. Cook, in his annual report on the geology 
of New Jersey for 1884, where he describes the columnar 
structure in John O’Rourke’s quarry. This banding, however, 
generally continues some distance without interruption, is not 
always horizontal and sometimes curves abruptly, appearing 
more like rude chiseling. The same structure is produced on 
columns of dried starch, it is wholly superficial and seems to 
be simply a modification of the plane of the crack. A cause for 
its development has not yet suggested itself. 

The question of the origin and nature of columnar structure 
in lavas and other substances has been discussed by G. Poulett 
Serope in his work on “ Voleanos”’ (2d edition, London, 1872), 
who by a somewhat different course of reasoning arrived at essen- 
tially the same conclusions as those reached in the present paper. 
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Robert Mallet, in a paper ‘On the Origin and Mechanism of 
Production. of the Prismatic (or Columnar) Structure of Ba- 
salt,” read Jan. 21, 1875, and printed in abstract in the “ Pro- 
ceedings of the Royal Society of London, 1875,” also showed 
that the cracking of a shrinking mass which is cooling from 
the surface is quite sufficient to account for all the phenomena 
of columnar structure. He referred the radiation and curving 
of columns wholly to influences arising from the contour of the 
surface of the cooling mass, not taking into consideration the 
effect of different rates of cooling at the surface, which must 
often vary greatly. He explained the cause of cup-shaped 
joints in a manner similar to the one here suggested, except 
that it is not general enough to account for the actual occur- 
rences, since it requires all the cups to bow in the direction in 
which the columns advanced during their growth. 

Professor T. G. Bonney, in an article ‘“On Columuar, Fissile 
and Spheroidal Structure,” read Feb, 23d, 1876, and printed in 
the Quart. Journ. of Geol. Soc., vol. xxxu, p. 140, considers the 
cup-shaped joint a special case of spheroidal parting, and 
adopts Scrope’s and Mallet’s views on columnar structure; he, 
however, considers fissile or tabular parting as an extreme form 
of spheroidal, for, as he points out, a plane surface is the same 
as that of a sphere whose center is at an infinite distance, which 
leads him to conclude that surface cooling of itself is sufficient 
to produce tabular parting, in contradiction to the conclusions 
already adopted that it produces prismatic cracking. This in a 
measure illustrates the fallacy of explaining certain geological 
structures and forms by a course of mathematical reasoning, 
simply because the ultimate forms so derived are similar to the 
geological forms observed, though the latter were not produced 
under the conditions imposed by the course of mathematical 
reasoning, but may have resulted in many cases from wholly 
different or exactly opposite causes. 

As the rock from the quarries just described presents certain 
petrographic features which distinguish it from most of the 
similar igneous rocks in this part of the country, and in a 
measure accord with its lithological structure, a brief notice of 
them is here given. Generally the microstructure of these 
rocks is holocrystalline, formed of lath-shaped, basic feldspar, 
irregular crystals and grains of augite, grains of iron-oxide and 
considerable green serpentine or chlorite, which is disseminated 
through the mass and is evidently the alteration product of a 
fourth primary constituent. It is probably the drying of this 
serpentine or chlorite which after a time gives a greenish color 
to the surface of the rock, which is dark bluish-black when 
broken. The rock from John O’Rourke’s quarry is unusually 
fine grained and dark colored, and parts of it show little if any 
change on exposed surfaces. Specimens collected from the 
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large columns and from different levels of the central mass of 
small columns show almost no macroscopic differences, but 
under the microscope a decided variation is noticeable. In 
most of the thin sections the rock appears but slightly decom- 
posed ; it is not holocrystalline but contains a variable amount 
of glass base, which is more or less globulitic with augite mi- 
crolites having opaque grains attached, besides larger aggrega- 
tions of magnetite grains. There is a comparatively small 
amount of light green serpentine in patches, the larger of which 
still contain.fragments of olivine at their centers, the primary 
mineral from which the serpentine has been derived. In some 
places the glass base has been colored green though still iso- 
tropic, while in others it has been devitrified through decom- 
posing agents. 

The rock with the least glass and coarsest grain of crystalliz- 
ation is from the large columns about six feet above the floor 
of the quarry; that.at the same level but from the central 
mass of small columns shows nearly the same size of crystals as 
in the first but more glass base. The rock formivg columns a 
foot thick and fifteen feet above the second specimen has some- 
what smaller feldspar crystals and more glass base, in places 
brown and globulitic with fernlike groups of magnetite crys- 
tals. Midway up the cliff the rock shows still more globulitic 
and microlitic glass; and that from ten feet below the present 
upper surface has smaller crystals and rather more glass base. 

The variations from bottom to top of the lava'sheet are slight 
but distinctly noticeable, and indicate that the cooling which 
caused the consolidation of the mass was more rapid at the top 
than at the bottom, which corresponds to the subsequent con- 
ditions deemed necessary to produce the different systems of 
columnar cracking. 

This rock is in every way identical with many medium- 
grained basalts, which have been poured forth as surface flows 
in recent times, and should be called basalt, and its coarser 
grained forms dolerite, as Professor EK. S. Dana has called simi- - 
lar rocks in the Connecticut Valley. (‘‘Trap Rocks of the 
Connecticut Valley,” E.S. Dana, Proceedings of the American 
Association for the Advancement of Science, 23d meeting, 
1884.) 

The occurrence of the rock in question as a surface flow is 
rendered highly probable by its glassy nature and the disposi- 
tion of the columns, which resembles that of many lava sheets 
in Western America where the irregular cooling may be di- 
rectly traced to irregularities of surface or to local porosity or 
cavities within the mass. Another source of irregular cooling 
may be found in the loss of heat by convection in the atmo- 
sphere, but more especially in water where the flow has been 
subaqueous. 
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ArT. XXXI.—Larval Theory of the Origin of Tissue, by A. 
Hvar * 

I HAVE endeavored in the essay of which this is an abstract 
to demonstrate a phyletic connection between Protozoa and 
Metazoa, and also to show that the tissue cells of the latter are 
similar to asexual larvee and are related by their modes of 
development to the Protozoa just as larval forms among the 
Metazoa themselves are related to the ancestral adults of the 
different groups to which they belong. This is indicated by 
the fact that the tissue cells exhibit highly concentrated or 
accelerated modes of development according to a universal law 
of biogenesis, which has now been found in almost all groups 
of animals. Thus in forms, which stand at the extreme limits 
of groups in point of specialization of structure, or have un- 
usually protected young, or pathological forms with stimulated - 
development, in fact, any forms in which stimulative causes 
have acted upon the young so as to bring about an earlier de- 
velopment at the expense of the normal rate of growth, there 
may be observed an abbreviation of the usual series of structural 
characters, which appear in the young of normal forms of the 
same group. The observations of many authors, notably 
Cope, Heeckel, Balfour, Weissmann, Packard and Wurtem- 
burger have conclusively proved that examples of abbreviated 
or concentrated development are the results of a constant tend- 
ency in all organisms to acquire characters in adults or later 
stages of larvee and then to inherit these at earlier and earlier 
stages in successive descendants; thus finally crowding the 
younger stages until some ancient characters are skipped, some- 
times leaving no record of the derivation of the organism and 
at others only a highly abbreviated record in the earlier stages. 

No bushy colonies of zodns or cells are built up in the 
Metazoa, representing the incompletely divided colonies of the 
adults of Protozoa, except in cases of incomplete segmentation 
of the ovum. These forms are skipped and the complex col- 
onies, which arise by fission, consist of zoons divided by 
distinct walls. The cycle of transformations is not only 
shortened by this omission, but the origin of the reproduc- 
ductive bodies is carried back into the earlier stages in many 
forms, and the rapidity of the processes of complete fission due 
to concentration produces masses of tissue and membranes 

* This article is an abstract of a paper with same title published in Proce. Bost. 
Soe. Nat. Hist., vol. xxiii, 1884, p. 45-163, but has in addition the suggestion 
that Volvox and Eudorina are true intermediate forms entitled to be called 
Mesozoa, or Blastrea. 
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in place of loosely connected colonies as among Proto- 
zoa.* 

The many disconnected, wandering cells with their inde 
pendent organization, and functions favor this conclusion, and 
the sight of these and of ova in the mesenchyme of sponges 
and the evidence of their functions here and elsewhere in the 
animal kingdom is sufficient to bring a candid mind to open 
confession of the existence of exact parallelism between them 
and the single, individualized Amceba. 

These and other morphological facts have led, so far as we 
know, only to comparisons between the ordinary tissue cells 
and the adults of the amcebe, and it has been assumed that 
these cells are the equivalents of the adult amcebee. 

Morphologically this seems to be true, but it does not ac- 
count for the physiological differences between the Protozoon 
and the cell. ‘The ontology of the cell, its production of tissue, 
and the reduction of the cycle of transformations cannot be 
explained unless we attribute to it a concentrated energy in re- 
production and a tendency to form closely united and complex 
associations much greater than that of the Protozoon. 

Thus a single Metazoon is a colony of infinite complexity in 
which the two primitive colonies, ectoderm. and endoderm, 
have produced by growth and agamic fission all the anatomical 
systems, and their various organs and smaller parts. 

Studies of reproduction show that the succession of events 
among Protozoa was first growth, then fission, then the union 
or concrescence of divided zoons and an exchange of their 
complementary parts; evidently all of these influences bear 
upon the tissue cell and influence its reproduction. Never- 
theless two cells do not combine previous to reproduction by 
fission, and whatever the effect of the original impregnation 
may be, we are obliged, therefore, to regard a young cell as a 
modified agamic larva-like form or zoon, when compared with 
the full grown Amceba. If descent from Ameebee, through 
Flagellata and Ciliata is assumed then the task of proving 
young cells to be immature forms becomes easier. In this case 
they are obviously forms, which like the ova of many Metazoa 
have retained their ancient, amceboidal characteristics while 
losing their later acquired flagellate and ciliate similarities. 
We cannot use the words embryo and larva, which belong to 

the ovum after impregnation, and we, therefore, propose to des- 
ignate the cell an autotemnon,f in ‘contrast with the embryo, 
which is more specialized. ‘The least specialized tissue cells of 

* The net work of protoplasm connecting tissue cells is disregarded in order 
to show the massive nature of tissues and at the same time state their character- 
istic cellular composition. 

+ From Avroc, self, and réuvo, to divide. 
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the mesenchyme differ less from the individualized agamic 
zoons of the Protozoa, while the spermatocysts, as more highly 
specialized, encysted male zoons, retain the cycle of agamic 
transformations derived from their male Protozoonal proto- 
types, and are intermediate to the encysted female zoon or 
ovum. 

The spermatocyst, in other words, is not dependent upon im- 
pregnation for its development, and has necessarily retained 
more of the characteristic, successive transformations of the 
primitive agamic forms than the ovum. This last has become 
dependent upon impregnation. The tendency to earlier and 
earlier impregnation in successive generations, and the correla- 
tive concentration of autotemnic stages, as shown by the 
fission of the nucleus and exclusion of the polar globules, has 
finally established the ovum as a more highly specialized form 
of cell. 

The conditions of fission in the cyst of a Protozoon, and 
in the ovum and spermatocyst are similar as long as the zoons 
or cells are all similarly confined, but when they burst the en- ~ 
velope and become free, the surrounding conditions differ and 
they correspondingly diverge. 

The early encystment of the ovum, the non production of 
the colonial form by incomplete fission, the dependence of the 
feminonucleus upon impregnation, and the great rapidity and 
extensive character of the changes by which the diploblastic 
parenchymula and triploblastic gastrula are built up, all show 
the excessive concentration of development which has taken 
place, when any blastula is compared with the corresponding 
forms among the Volvocine. ‘There is also a distinction be- 
tween the mode of development of the Volvocinz, and the 
lower Protozoa which has, we think, great significance. They 
have prolonged gestation and this can be compared with the 
similar prolongation of the corresponding period in the early 
inception of the ovum in the Metazoa. 

They are, however, necessarily only single cells. The whole 
process of segmentation occurs under conditions which effectu- 
ally protect the earlier stages in the higher Protozoa, and in all 
the Metazoa, but, as might have been anticipated, the more 
specialized Metazoon elaborates at once and within limits of 
this early egg stage a fully formed colony, the blastula, 
whereas the highest and most specialized of Protozoa get no 
farther than the production of single ova and spermatocysts* 
or the earliest stages of segmentation during the same period. 

* For results of protection in producing concentration of development see 
Genesis of Planorbis at Steinheim, Mem. Bost. Soe. Nat. Hist., I Anniv., 1830— 
1880; Fossil Ceph., Mus. Comp. Zool., Proc. Amer. Assoc. Adv. Sci., vol. xxxii, 
p. 32, also Balfour’s Comp. Embryol. 
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The adult condition of Eudorina or Volvox in other words is 
a permanent morphological equivalent of the blastula stage in 
the ovum of a Metazoon, and a spermatocyst holds a similar 
relation to the encysted reproductive stage at the terminus of 
hfe nm an Amoeba. It, however, occurs at the beginning of 
life in this specialized male cell among Metazoa. The sperma- 
tozoa also which are produced by fission of the nucleus resem- 
ble the young of the Amcebinz and many other Protozoa in 
form, but have through earlier inheritance of characteristics — 
acquired the functional power of the adult male Protozoon, 
and are, therefore, as compared with Protozoa, to be estimated 
morphologically and functionally as microgonids with highly 
concentrated development. In no other way can we account 
for the premature exhibition of power shown by these forms in 
seeking out the egg, and forcing their way into the vitellus. 
Ultimate union with the female nucleus of the ovum by pas- 
sage through the vitellus is quite distinct. It has appeared to 
us to be like concrescence in low forms an exhibition of mutual 
attraction which indicates affinity, and like all sexual processes 
a vital attraction of greater intensity than mere fusion by 
growth and in no way attributable to accident. The habit 
may have sprung from the habit of concrescence, just as we 
can only imagine all sexual processes as springing originally 
from concrescence through its transformation into a habit pre- 
paratory to reproduction by division as among Myxomycetes. 
Crinkowski considers concrescence to have originated from the 
habit of feeding and the results of concrescence, reproduction 
by fission, as a function due to the same causes and having the 
same results as assimilation (Archiv. Mik. Anat., vol. ix). 

There is a gradation in the stages of development of the 
ectoderm, endoderm and mesenchyme in the sponges which 
show they have retained the ancestral protozoonal character- 
istics in some cells more than in others. Thus the ectodermic 
cells in all the Porifera become permanently transformed into 
flat epithelial cells losing their feeding organs, the collars and 
flagella, whereas the cells of the endoderm in some forms, such 
as the Ascones, probably never lose these organs at all, and in 
others lose them only transiently at certain stages or only lo- 
cally on the walls of the archenteron in the intervals between 
the diverticula (primitive ampullee).* 

In the mesenchyme of sponges the cells have been subjected 
to fewer changes and they preserve their ancient amceboidal 
forms unaltered. The comparatively great change in the evo- 
lution of the group probably took place after the transfer of 

* Von Lendenfeld (Austral. Sponges, vol. ix, pl. 4, Proc. Linn. Soc. N.S. Wales, 
pl. 64-65), describes Homoderma sycandra as having these cells equally distributed 
all over the endoderm as well as in the single ampullee. 
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the principal seat of assimilation from the endoderm to the 
mesenchyme. This transfer possibly occurred during the genesis 
of Sycones, and other higher forms. 

The researches of Saville Kent among Protozoa have shown 
that the collar and flagellum are feeding organs and we must 
imagine them as having a similar meaning in the internal cay- 
ity of Ascones, the lowest forms of sponges. 
When we consider the whole series of transformation of the 

ovum it becomes apparent, that it is at first an autotemnon 
having the amceba stage well and clearly developed. The - 
ovum develops parallel with the spermatocyst through the period 
of division of the nucleus into two parts, the masculonucleus 
and the feminonucleus. We have tried, in common with some 
other authors, to show, that the masculonucleus is probably 

_thrown off in the polar globules during a process of agamic 
division of the nucleus and that these are the homologues of 
the masculonuclei excluded from the spermatocyst after having 
been transformed into spermatozoa. 

The remarkable essays of Professor Hd. Vau Beneden on- 
the bisexual nature of the nucleus are the only embryological 
writings which produce the proofs of this hypothesis im illus- 
trated form. This author (Fecund. Maturat. de L’ceuf, Archiv. 
de Biol., tom. vi, 1883) advances precisely similar views to 
those of Dr. Minot, and shows the phenomena of fecundation 
and the double composition of the maritonucleus in a series of 
remarkably clear illustrations. Van Beneden claims to be the 
discoverer of the bisexual composition of the nucleus of the 
ovum and refers to his paper of December, 1875 (Bull. Acad. 
de Belg., vol. xl, 1875) as containing the first statement of his 
discovery. Though not pretending to forestall the judgment 
of those better qualified to decide the merits of these claims, 
we find that Professor Van Beneden was the first to announce 
the basal facts of the bisexual theory, but that he did not give 
all of the essential conditions of the phenomena of conjuga- 
tion between the male and female parts of the nuclei in his 
first paper. This author in the work just cited (p. 700) 
suggests that the peripheral pronucleus is probably partially 
formed of spermatic substance, that the central pronucleus is 
female and that the segmentation nucleus is a compound body 
resulting from the union of these two, and is, therefore, proba- 
bly bisexual. This statement includes all the basal facts of 
the genoblastic theory, with, however, two important excep- 
tions. It omits any notice of complementary behavior or fune- 
tions of the useless parts of nuclei in both the spermatocyst 
and ovum. ‘This essential condition of the conjugation of the 
nuclei does not seem to have been elaborated by Van Beneden 
until 1883, long after the appearance of Dr. Minot’s paper. 

5 ss 

ace 
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Dr. Minot (Proc. Bost. Nat. Hist., vol. xix, p. 170) proposed to 
name the original bisexual nucleus ‘‘genoblast,” the female 
part, ‘“arsenoblast,” and the male, ‘‘thelyblast,” and these 
terms have precedence of those we have advanced, or of those 
proposed by Van Beneden, but we have preferred to use names 
which retain the word nucleus, as more expressive of the true 
relations of derivative nuclei. 

If this is true the occurrence of this process of excluding the 
masculonuclei in the ovum during the agamic stage exhibits 
ap earlier inheritance of a characteristic which in the Protozoa 
occurs only after and as a result of impregnation, except possi- 
bly in some of the more specialized Flagellata and Ciliata, 
where the existence of spermatocysts and spermatozooids leads 
one to anticipate a corresponding differentiation. The female 
zoon certainly appears to be in reality an ovum, and to develop 
like one into a blastula as pointed out by Butschli. 

This view includes some results worthy of attention. The 
concrescence of Protozoons, as in cases cited by Drysdale and 
Dallenger, and in some plants where the whole contents of one 
pair of cells, or more than one pair of cells, are mingled together, 
is asexual conjugation, but not sexual conjugation. The latter 
occurs only by the exchange of differentiated parts of nuclei, 
or between the larva-like spermatozoa and the complementary 
part of the nucleusin the ovum. ‘Thus such forms as Hudorina 
and Volvox might be called, on account of their morphology, 
Blastrea, and could, because of their mode of reproduction and 
the existence of but one layer in the body wall, be appropriately 
designated as true Mesozoa. 

With regard to the meaning of the early stages of the ovum, 
we come nearer to Butschli (Morph. Jahrb., 1884), than any 
other author, and regard his placula theory as opening a way 
far more promising than any so far proposed. This author, 
however, voluntarily rejected the aid of the sponges in his 
arguments, under the erroneous impression that they were Pro- 
tozoa and holds an essentially distinct idea of what the placula 
is. The embryo of the Calcispongian is, according to our 
opinion, a single layered placula or a Monoplacula, and directly 
comparable with the undifferentiated flat colonies of Protozoa 
which are more primitive than the Blastula form and represent 
the simplest condition of an autotemnic colony of Protozoa, 
like Desmarella of Saville Kent, though not possessed of cilia 
at this stage and therefore more nearly perhaps representing a 
mass of amoeboid forms. 

The formation of the apical or esoteric cells of the upper 
layer from the cells of the Monoplacula transforms this stage 
into a diplopiacula, the older or basal cells becoming our exo- 
teric cells. True ectoblastic and endoblastic cells first appeared 

Am. Jour. Sci.—TuHirD SERIES, VoL. XXXI, No. 185.—May, 1886. 
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during the gastrula stage, and are supposed to be identical with 
the differentiated cells often found in the blastula and placula. 
But in both of these last they are in distinct association and 
correlate with distinct forms and should be considered as sim- 
ply exoteric and esoteric cells. Thev are not true ecto- or 
endo-blasts until they assume the relations of an external and 
internal layer as in the gastrula stage. The absence of the pla- 
cula in many forms may be explained as due to concentration 
of development. The protected conditions under which the 
ovum originates makes the constant retention of the placula 
unnecessary and favors the earlier inheritance of the morula, 
or mulberry stage; in fact, any quickening of the processes of 
growth would bring about this change and the morula stage is 
only a heaping up of cells into a more massive colonial growth. 
The rounded globular forms of the morula would thus replace 
the placula earlier in the life of the embryo and occasion its 
disappearance in more highly specialized forms, as in the Car- 
neospongia. 

This theory is apparently very similar to that of Butschli so 
far as relates to the origin of the placula, but differs in making 
the morula an important stage of the evolution of forms and 
in insisting upon the placula as primitively monoplaculate 
and only secondarily diploplaculate. Butschli’s placula is in 
reality a later stage, a specialized flattened stage of an embryo 
Metazoon. 

Butschli points out the resemblances of the embryo of Cu- 
cullanus, Rhabdonema, and Lumbricus to the placula, and the 
apparently primitive mode of forming the segmentation cavity 
in the latter by the separation of the two layers is also given 
in detail by him. Butschli also consider the Trichoplax ad- 
heerens of Schultze, as a living illustration of a full grown, 
primitive, placulate form. 
We ought to find primitive stages in the embryos of a prim- 

itive type and this is eminently the case with Porifera. We 
should anticipate the opposite with a higher type lke the 
worms or any metameric animal and this appears to be borne 
out by what Butschli brings forward in support of his theory. 

In Cucullanus the earliest stages are rounded, and we cannot 
agree with Butschli, that the flattened form which follows this 
is a primitive placula, or diploplacula. The primitive placula 
is a single layer which becomes double or diploplaculate and 
in both stages must precede the morula, and cannot succeed 
this stage. It will be seen by our remarks above that the 
esoteric and exoteric differentiations would have occurred nor- 
mally before the morula stage in the placula of Cucullanus, or 
else in fusion with it and therefore the double layered placula 
of Butschli would be necessarily a flattened morula in which 
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the two layers had already, been formed. The relations of the 
planula stage in Cucullanus and Lumbricus to the gastrula also 
indicate, that it is simply a modification of the morula stage, 
and not comparable with the earlier premorula stages of the 
embryo. The formation of the gastrula in Cucullanus is a 
beautiful example of extra growth of the octoblast, as has been 
pointed out by Balfour, and in this and in Lumbricus a true 
embolic gastrula is formed by this process which is not more 
primitive than that which occurs in the Ctenophore or Tubul- 
arie. The gastrula in other words is formed according to a 
highly concentrated secondary mode of development, and not 
‘by primitive or simple processes. We should, therefore, even 
while adopting Butschli’s theory, decline to accept his typical 
examples as true illustrations of the theory, and hold rigidly 
to the law of succession in the stages of the embryo for justifi- 
eation of this position. 
We cannot give a better illustration of what we mean by a 

monoplaculate embryo than Hatschek’s Amphioxus in the four- 
celled stage,* nor of our diploplacula than the same in the 
eight-celled stage, when the cells of the esoteric layer are first 
differentiated, which occurs even before the two poles of the 
embryo become closed and long previous to the stage when the 
blastula is formed. 

Immediately after the diploplaculate stage the ovum of 
Porifera and Amphioxus, as well as some other types, presents 
a stage during which it is a tube open at both ends. The 
hereditary significance of this stage indicates a tubular ancestral 
form through which water would freely circulate, and this 
strengthens our position with regard to the meaning of the 
aula of the blastula. 

The central cavity of the blastula stage, the so-called Proto- 
gaster of Heeckel, connects with the exterior by a blastulapore, 
the “ Protostoma” of Heckel, which is normally closed later 
in the growth, but remains open for long periods in some 
sponges, as may be observed in the figures of Sycandra raph- 
anus, and in the larva of siliceous sponges, as in the embryos 
of Halichondria and Tethya. The assumption, that such a 
primitive cavity necessarily originated as a gastric cavity, seems 
improbable. 

The prototype of this cavity, the aula, must have first ap- 
peared as a central hollow in a moving colonial form of Proto- 
zoa, simply as a mechanical necessity of the habits and mode 
of growth, and might have been useful as a float, but was 
probably not a gastric cavity, but on the contrary similar in 
every way to the internal cavity of the Volvox blastula. The 
additional advantage of the possession of such a hollow in en- 

* Arbeit. d. Zool. Inst. d. Univ. Wien, Claus, iv, hft. I, pl. I. 



340 A. Hyatt—Larval Theory of the Origin of Tissue. 

abling the cells to use both sides instead of one, and to perform 
the functions of respiration, ingestion and excretion more com- 
pletely is obvious. The growing of the cells of the ovum into 
a hollow sphere, the blastula with its blastulapore opening ex- 
ternally, is described by Butschli as essentially similar to the 
growth of the adult floating spherical colonies of Volvox and 
Hudorina from a single zoon by fission. ‘This author (Bronn’s 
Thierreichs, Protozoa, pl. 45) gives a series of figures illustrat- 
ing the development of the asexual zoons of Volvox which 
fully substantiate his comparisons, and, together with Carter’s, 
show that the closest comparisons may be made between the 
early stages of the ovum and those of all forms of Volvox, 
which is an open blastula like that of some Porifera before it 
leaves the parent colony and becomes free. 

All of these comparisons seem to be much opposed to Butschli’s 
supposition that the primitive cavity of the blastula originated 
from a separation of two layers rather than as a stage of devel- 
opment from one primitive layer and the formation of an aula. 

In order to account for the differentiation of the esoteric cells 
we have imagined them, as necessarily by position feeding 
cells in the ancestors of the diploplaculate stage. In the free 
morula and closed blastula the same cells or their more modified 
descendants would tend to retain similar functions. The differ- 
entiation of the poles would occur in this blastula form accord- 
ing to the same law, as is observed in the higher animals, and 
the tendency already initiated of the zoons of one pole to be- 
come exclusively feeding zoons would be increased by more 
frequent contact with food, and by being constantly occupied 
in the act of ingestion. The differentiation of the cells having 
been thus established and kept up by a continuance of similar 
habits, and the aula correlatively developed, we should have a 
free moving form with the cells at one pole feeding cells, and 
at the other probably more efficient as respiratory cells. These 
last need not be necessarily inefficient as feeding zoons, but 
might have remained quite capable of this office, as well, also, 
as that of developing flagella for moving the body, and in fact 
resembling in aspect and structure what we actually find in 
the amphiblastula of some sponges. We here claim for the 
exoteric or ectoblast cells, that their possession of collars and 
flagella implies the existence of powers of ingestion. We 
think the negative evidence, adduced by Metschnikoff and 
others, with regard to these cells in the embryos of sponges is 
entirely inadequate to prove anything except the fact that they 
have not seen them actually feeding, and do not weigh against 
the observed functions of the collars and flagelli of the Flagel- 
lata, especially the positive and convincing proofs brought 
forward by Saville Kent. 
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The Parenchymula is a recently discovered stage of the 
embryo immediately succeeding the closed blastula. The eso- 
teric cells differentiated during preceding stages have been 
found, by several authors, to quit the exterior where they 
originated and wander into the interior where they presumably 
give rise to the endoblastic cells subsequently found there. 
A differentiated colony, like the amphiblastula with the cells 

at one end becoming better fitted to take in food, could be trans- 
formed into a parenchymula by the migration of differentiated 
feeding cells into the interior and the Parenchymula could 
thus have been transformed into a true gastrula. There are no 
living forms, so far as we know, with wich the Parenchymula 
can be compared, and its probable meaning has already been. 
indicated by other writers, especially by Metschnikoff, namely, 
that it implies a radical Font in which the mesenchyme has 
arisen as a primitive mass by delamination. 

The inwandering of the esoteric cells of the parenchymula 
might be reasonably assumed as in part due to pressure. This 
appears to be a primitive mode of forming the endoderm as 
stated by Schmidt and Metschnikoff, and therefore, we should 
have to consider pressure as simply a possible cause aiding the 
tendency to inwandering, as it appears in the habits of these 
cells of the parenchymula. It is possible that this tendency 
was derived from ancestors in which a primitive invagination 
appeared as a later characteristic of the development, due to 
excess of growth in peripheral parts and that the same con- 
ditions of growth and pressure would continue to be present 
in the similar parts of the young of descendent forms as long 
as the surroundings and habits were sufficiently similar and 
did not interfere with hereditary tendencies. Thus we should 
have to regard the habit of inwandering of the esoteric cells 
as giving rise to the primitive endoblast, and this last as a 
permanent stage preceding the transient gastrula due to invagin- 
ation. The continued action of tne same cause as gave rise 
to the tendency to inwandering, namely, the pressure occa- 
sioned by the rapid multiplication of external cells by growth 
and the action of heredity would secure this result. 

The fact that the esoteric hemisphere is an excessive peri- 
pheral outgrowth of cells in the amphiblastula is in perfect 
accord with the successive stages in the development of pits, 
and minor invaginations of the ectoderm. These are univer- 
sally in their primitive stages peripheral outgrowths of the 
outer membranes, which form primitive hollows and then these 
cups become hereditary invaginations in the embryos of de- 
cendent forms. The formation of stomodea and other ectoder- 
mic invaginations can thus be accounted for as in every way 
parallel to formation of the gastrula, and due to similar causes. 
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The invagination of the endoblast in the ordinary form of 
the gastrula is immediately accompanied and caused, according 
to Whitman, by pressure arising from the unequal growth of 
the hemispheres. The pressure on the endoblast after invagi- 
nation is shown by the forms of the cells, which become elon- 
gated along the middle part of the cup, as in the well known 
case of Amphioxus described by Kowalevsky, and many ex- 
amples by other authors. The growth and excess of pressure 
is also evinced in the elongation of the planula and the ten- 
dency of the at first broad blastopore to close up to a narrow 
opening by growth of the ectoblast. The usually columnar as- - 
pect of the ectoblastic cells of the planula, their longest axes 
being radial, or at right angles to the direction of the pressure, 
is also favorable to this theory. These cells may be attenuated 
in Porifera at this stage (Barrois, Epong. de la Manche) so as to 
assume an almost linear aspect under low powers of the mi- 
croscope. We feel obliged to join those authors who regard 
the planula stage as an abbreviated form of the gastrula possi- 
bly directly derived from the epibolic gastrula. The succes-- 
sion of the stages is first a peripheral outgrowth increasing 
continually the diameter of the amphiblastula, then invagina- 
tion, then peripheral growth of the ectoblast, followed by elon- 
gation of the planula and contraction or obliteration of the blas- 
topore. Heredity in these cases seems to be subordinate to 
growth, but this we think is due to the necessarily identical 
action of these inseparable forces. Heredity and growth are 
also necessary in order to account for cases of epibolic gastrulze, 
as well as for the existence of the planula. The action of hered- 
ity in the planula is obvious, but in the transitional epibolic 
gastrula the obvious mechanical action of growth still interferes 
with the clear perception of the influence of heredity. The 
growth of the ectoblast cells is so rapid in the last named, that 
the endoblast cells become inclosed as in the Ctenophoree, and 
the gastrula is formed by a process much shorter than is usual 
in embryos of the embolic type. 

In a planula we can see very clearly that some other force 
in addition to growth has been at work, and that, whether we 
adopt Lankester’s hypothesis or some other, we are equaliy 
obliged to call in the aid of heredity in order to explain the 
hidden steps by which the embolic gastrula has been transformed 
into this concentrated form of development through the epi- 
bolic gastrula as an intermediate stage. 

Keller (Anat. und Entwickel. einiger Spong. d. Mittelmeers, 
Basel, Georg, 1876), has given the fullest illustrated account of 
what we have, in common with Metschnikoff and Schultze, 
called the transient gastrula of the Calcispongiz. A recent 
perusal of this interesting paper has suggested that there is 
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probably no better field for the study of the effects of pressure 
upon cells than in these cases of transient invagination. It is 
possible that the invagination stage may be traceable directly 
to excess of vrowth in the ciliated cells and their subsequent 
evagination as outgrowths to the reversal of this process, and 
at any rate the field is a very promising one in this direction. 
We have also noted in our original essay the probability, 

that the medullary fold was primitively a stomodeal invagina- 
tion due to extra growth, and we are able to quote in this con- 
nection an observation of Dr. Hatschek’s in addition to those 
of Kollmann and Gardiner. 

Dr. Hatschek (Arb. Zool. Inst. Wien, vol. iv, 1881, pp. 45— 
48) attributes the origin of the primitive segments and other 
changes of form in the embryro of Amphioxus to the growth 
and energy of cells. He explains the origin of the medullary 
plate by differentiations in the cells caused by the extra-growth 
of the neighboring cells of the ectoderm, and attributes the rise 
of the ends and final inclosure of the neural canal to lateral 
outgrowths due to the same cause.* 

The general presence of the different forms of the gastrula, 
including the planula, indicates, as we have tried to show 
above, that Heckel was right in supposing that these stages in- 
dicated common ancestors for the whole animal kingdom. ‘To 
this we have also joined the Architroch of Lankester, imagining 
in common with this author, a very ancient origin for the circles 
of cilia around the blastopore of the primitive gastrula-like 
ancestors of the Invertebrata. 

The history of the structural transitions through which the 
layers of the body pass in their subsequent history sustain the 
view that the Porifera are the lowest type of Metazoa. The 
endoderm and ectoderm reach a highly differentiated stage and 
appear as flat epithelial membranes, but the middle layer re- 
mains a mesenchyme containing, as stated by all authors, the 
reproductive bodies of both sexes. The appearance of sperma- 
tozoa and ova indifferently in the same animal shows, that en- 
tire separation of the sexes does not take place so far as now 
known, among Porifera. It is not yet established, that cross 
fertilization occurs in any form, though there is as yet no 
grounds for the positive assertion that it does not occur. The 
history of the early stages exhibits a larval form in which the 
interior is solid for a certain period and the mesenchyme plays 
a much more important role than in any other branch of the 
animal kingdom, as might be anticipated from the adult condi- 

* See also His, ‘‘ Unsere Korperform,” 1875, pp. 60-61, 83 and 178, who has 
essentially the same idea of the relations of growth of cells and development of 
organs, 
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tion and importance of this layer in the morphology of the 
group. 
We have also tried to show that the general morphology and 

development indicated the gradual evolution of series of forms 
from a type similar to Ascones but without a skeleton, which 
we have considered directly comparable, as stated by Heckel, © 
with the gastrula. During this evolution the mesenchyme be- 
came more and more important, and asa result of its thicken- 
ing the habit of budding was more or less suppressed so that 
the higher types must be considered as individuals with a 
highly plastic form, liable to excessive outgrowths, but not as 
branching Metazoons. The archenteron also remains persistent 
throughout life, gives rise to simple diverticula, or, in forms with 
thick mesenchyme, diverticula themselves form branching tubes. 

The fact that no internal column or body cavity is formed, 
in spite of the opportunity offered by the increasing thickness 
of the mesenchyme is very significant. It is not yet established 
that the mesenchyme does receive some additions in course of 
its growth from the endoderm and ectoderm, but so far as the 
histology is now understood it is doubtful. 

In other words the Porifera are intermediate with regard to 
structural composition between primitive larval individuals, 
like the free larve of all colonial types, and the differentiated 
colonies which arise from such primitive individuals after they 
become attached, as in the Hydrozoa. ‘They contain all the 
elements necessary for the formation of complicated colonies, 
but in consequence of the less differentiation of the mesenchyme 
their primitive individuality is maintained and the processes of 
budding take place internally and externally without perfect 
correlation. That is, the exterior has outgrowths and so has 
the archenteron, but these are not strictly coincident and pro- 
duce true buds only in forms with thin mesenchyme. 

The evidence in favor of the opinion that the diverticula or 
Ampullz are strictly homologous with the archenteric diver- 
ticula of all other animals is very strong. The young have no 
diverticula until the ampullinula is formed and this correlates. 
with the absence of these organs in the adults of the lowest 
type, Ascones. These facts among sponges seem to be in ac- 
cord with the history and development of the diverticula 
among Hydrozoa and Actinozoa, and leads to the conclusion 
that in all of these three types the diverticula are homoplastic 
organs, and not found in the lowest forms of these groups or 
in the early stages of development of the normal forms. 

The considerations we have presented above have, therefore, 
a direct application to the results of the work done of late 
years by Semper, Dohrn and others in tracing the origin of the 
vertebrata to some worm-like type. The whole of this evi- 
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dence hangs necessarily upon the probability that the somites 
of the embryo of Amphioxus imply descent from a segmented 
animal; whereas, if we are correct, exactly the opposite view 
may be considered as the more probable; and the very close 
comparisons made by Semper between what he considers homo- 
genous organs and parts in Vertebrata and Vermes can only be 
considered as evidence of the production of homoplastic effects 
by means of similar modes of growth and the similar habits 
of elongated and necessarily bilateral animals. _ 
We have objected to the theory that the Vertebrata may be 

considered as descended from a Ccelenterate ancestor because 
the actinostome probably arose independently and very late in 
the phylogenetic history of the Hydrozoa, and undoubtedly 
arose independently in the Porifera. A stomodeum as it ap- 
pears in the ascula stage or in a sycon or ascon may be a single 
opening not due to invagination, merely an enlarged pore or 
outlet. The cloaca of the more specialized sponges is first an 
outgrowth of tke peripheral parts which becomes inheritable 
and causes the appearance of the ectoderm as a lining layer ex- 
tending to an indefinite depth into the interior. A stomodeum, 
also, does not exist in most of the Hydrozoa except in the 
primitive shape of an outgrowth, the hypostome, which is the 
homologue of the internal actinostome of the Actinozoa. 
These facts and the late stage at which it arises in the Actino- 
zoa, during the gulinula stage, shows us that so far as these 
types are concerned it is an independent and homoplastic organ 
in all of them. 

There are no exact comparisons between the embryos of 
Ascidia and Amphioxus and those of the Invertebrata which 
seem to include any stages later than the planula. Those that 
have been traced between the mesoblastic somites indicate 
homoplastic organs, and seem to have no phylogenetic mean- 
ing so far as the whole of the Vertebrata are concerned. The 
distinct modes of development of the anterior invaginations of 
the Vertebrata show that they had a different origin from the 
anterior tube of the actinostome, and cannot be considered 
homogenous with that organ in the Coelenterata. The medul- 
lary invagination is at first a stomodeum arising as a funnel 
around the blastopore, and then spreads forward in the shape 
of two folds, which subsequently form a tube, and it is proba- 
ble that the notochordal tube, and the lateral differentiations of 
the archenteron may have had a similar homoplastic simplicity 
of structure. 

The development in Ascidia of the notochordal cells and 
muscle cells from the walls of the archenteron invite the sug: 
gestion that no true diverticula exist in this type. That the 
lateral muscles might have arisen as entirely disconnected and 
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more primitive structural elements than the ccelomata is shown 
by Kowalevsky’s work on Cassiopea already quoted (Soe. 
Friends of Nat. Hist., ete., Moscow, pl. II, f. 10-13). In this 
Hydrozoon, portions of the archenteric walls grow out and be- 
come directly converted into muscles, but no coelom is formed. 

The notochord may have primitively originated asa tube, 
but connections with the hypophysis seems to be a necessary 
condition of this theory, and though this is highly probable, 
it is not proven. The homoplastic origin of the notochord, 
when explained in this way, agrees with the subsequent origin 
of segmentation in the vertebree as suggested by Cope. These 
facts and agreements in theory render it highly probable, that 
the whole phenomena of segmentation as shown in the distri- 
bution of the muscles themselves, the appendages, and internal 
organs including even the primitive somites may have arisen 
independently in the Vertebrata in response to the simple me- 
chanical requirements of motion in eloagated bodies. Herbert 
Spencer in a treatise much neglected by naturalists (Prin. Biol., 
Am. Hd., 1871, vol. ii, p. 199), has clearly shown that the ~ 
origin of the notochord and of segmentation of the vertebree 
and muscles may be attributed to muscular strains, and our 
speculations though entirely independent cannot lay claim to 
any original merit. 

Our results are similar to those of Heckel so far as they dis- 
tinctly point to the gastrula and planula as the earliest stages 
which have a general genetic meaning for the Metazoa and 
show that these indicate a stock form for the whole of the Meta- 
zoa. The clear distinctions between the type-larval stages in 
different branches of the animal kingdom and the fact, that the 
type larval stages make their appearance invariably after the 
planula or gastrula, and never under any conditions break this 
natural succession, give strong support to this opinion. 

It is possibly premature to say that no one type can be 
claimed to have descended from any other, but the Porifera, 
Hydrozoa, Actinozoa and Vertebrata appear to us entirely in- 
dependent’ of each other. It is also very suggestive that two 
so closely allied groups as the Actinozoa and Hydrozoa, can 
be considered as homoplastic types and that many examples 
have been brought forward by the author and Professor Cope* 
among Cephalopoda and Vertebrata, where smaller and more 
closely allied groups, orders, families and genera show the same 
phenomena and are plainly homoplastic with reference to the 
origin of many important characteristics of structure. These 
results sustain the opinion that homogenous characteristics are 

* Cope, who first pointed out these relations in the same sense as Lankester 
used the terms “homologous” for homoplastic and “heterologous” for homo- 
genous. 
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frequently so similar to purely homoplastic characteristics, that 
it is not safe to consider any characteristics occurring in distinct 
groups as homogenous until their phylogenesis has been traced 
or their comparative embryology is fully understood. 

The hypothesis of the common, but independent origin of 
types is also supported by all collateral evidences. The results 
of palzontologic research have carried back the origin of dis- 
tinct types farther and farther every year. It is now estab- 
lished, that there was an excessively sudden appearance of vast 
numbers of forms in the Cambrian or perhaps earlier as claimed 
by Professor Marcou and others. 
We have applied this specific statement as a generalization 

to the history of smaller groups of fossils in several branches 
of the animal kingdom and in many formations, and have 
found that the sudden appearance of the smaller groups occurs 
according to the same law. | 

There is an obvious plasticity in the animals which first make 
their appearance in any unoccupied field, or at the beginning of 
any new formation, which reminds one of the plastic nature, of 
the most generalized type of Metazoa, the existing Porifera. 
The generalized types, which always occur first in time, ex- 
hibit like sponges exceptional capacity for adaptation to the 
most varied requirements of the surroundings, and all of the 
conditions of the new period or habitat by the rapid develop- 
ment of numbers of suitable and more highly specialized 
forms, species and genera. 

The whole picture as presented by morphology, embryology 
and paleontology favors the hypothesis we have previously 
advanced in other papers, namely, that the early geologic his- 
tory of animal life, like the early stages of development in the 
embryo was a more highly concentrated and accelerated process 
in evolution than that which occurred at any subsequent 
period of the earth’s history. 

The history of the Porifera and higher Protozoa suggests 
also that the evolution of the Metazoa may have occurred 
more rapidly than we can now calculate. One of the great 
errors of the present day is the assumption that such changes 
and transitions occurred slowly and gradually; and it is evi- 
dent that this assumption is based almost wholly upon inves- 
tigation of the more highly specialized animals in which the 
capacity for change may be reasonably considered as very 
much less than in their more generalized and embryonic ances- 
tral forms. 
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ArT. XXXII.— Cretaceous Metamorphic Rocks of California; by 
GEORGE F. BECKER. 

In the course of an investigation of the quicksilver deposits 
of California, which will form the subject of a monograph of 
the U.S. Geological Survey, the crystalline and serpentinoid 
metamorphic rocks of the Coast Ranges have been subjected 
to an elaborate examination. As the complete report can 
hardly be distributed in less than a year from the present 
time, it appears expedient to print an abstract of the results 
obtained, but all detailed proof of the statements made will be 
deferred until the final publication. 

The chemical analyses connected with the examination 
have all been performed by Dr. W. H. Melville, the field 
work was performed by Mr. H. W. Turner and myself 
together, and the microscopical examinations were made 
jointly by Mr. Waldemar Lindgren and myself. 

The field studies were made at very numerous points from — 
above Clear Lake to the region of New Idria, thus partially 
covering a belt of the Coast Ranges of a} out 230 miles in 
length. Throughout the whole region there is structural and 
lithological evidence that the sedimentary rocks are underlain 
by granite of very uniform character, and, wherever they are 
inconsiderably modified, the slides prepared from them show 
that they are directly or indirectly derived from granite, or, in 
other words, that they are arcose. Of this material of known 
origin a portion has been highly altered. The alteration- 
processes to which it has been subjected are identical from one 
end of the region to the other, and innumerable transitions are 
presented. It is difficult to estimate the area occupied by the 
metamorphic rocks of the Coast Ranges, because the occur- 
rences are of very irregular shape. A moderate estimate of 
the exposures between Clear Lake and New Idria, which con- 
sist of holocrystalline metamorphic rocks, sandstone in, which 
recrystallization has made considerable progress, phthanites 
and serpentine, is 3,000 square miles. Large areas covered 
by late Cretaceous and Tertiary strata are also known to be 
underlain by metamorphics, and this series is known to extend 
far to the north and to the south of the limits indicated without 
substantial change in character. ‘The study is thus not one ot 
mere recrystallization, but of regional metamorphism of irreg- 
ular intensity and therefore the better fitted for investigation. 
The age of the altered beds is known from direct paleontological 
evidence at a number of localities to be Neocomian, or very 
nearly of that period, and there is no evidence that any consid- 
erable quantity of older rocks is included within the area. The 
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epoch of the metamorphism is also clearly proved to be within 
the earlier portion of the Cretaceous period and probably about 
the close of the Neocomian.* The most interesting alteration 
processes to which the sandstones have been subjected are 
closely similar to those which characterize metamorphic areas 
elsewhere, consisting chiefly in the metasomatic recrystallization 
of the sediments to holocrystalline feldspathic rocks carrying 
ferromagnesian silicates, and in the formation of vast quantities 
of serpentine. It is also clear on structural and chemical 
erounds that solutions rising from the underyling shattered 
granite cooperated in the metamorphism. 

Thus the origin of the sedimentary rocks, their mineralogical 
character in an unaltered state, their age, the approximate 
epoch at which they were metamorphosed, and the general 
character of the conditions of metamorphism, are all known, 
while the exposures illustrating the’ comparatively few more 
important problems are numberless. I am not aware that 
metamorphism has ever been studied under conditions so 
favorable for elucidation. It is unnecessary to say that the 
material is not exhausted by a single investigation and that 
much must remain to be done, especially from a chemical 
standpoint, in the present state of knowledge. It is believed, 
however, that a solid basis has been obtained for future inquiry, 
and that the results reached are sufficiently definite to form 
an important aid in the study of metamorphic areas elsewhere, 
which present less favorable opportunities for complete investi- 
gation.t 

Excepting the light cream-colored schists of Miocene age 
which occupy a narrow strip along the coast of California from 
the neighborhood of Santa Cruz southward, the rocks of the 
Coast Ranges where unaltered are mainly sandstones of Cre- 
taceous and Tertiary age. Sandstones often occur here in 
practically uninterrupted series of beds many thousands of feet 
in thickness. The mechanical condition of the accumulation 
of such vast quantities of sand forms a problem which has not 
been solved for this area, nor, so far as I am aware, for any 
similar area elsewhere. The unaltered sandstones of the Coast 

* Notes on the stratigraphy of California by G. F. Becker, Bull. U. 8S. Geol. 
Survey No. 19. Notes on the Mesozoic and Cenozoic Paleontology of California 
by C. A. White, Buli. U. S. Geol. Survey No. 15. 

+ As it is nearly or quite impossible for any investigator to free himself wholly 
from preconceptions, it may not be superfluous to state that in beginning the study 
of the quicksilver belt I entertained no opinions as to the character or origin of the 
crystalline and serpentinoid rocks. -I was prepared to find the former either 
eruptive or unaltered crystalline precipitates and entertained no prejudice against 
regarding the serpentine either as an original deposit or as a product of the altera- 
tion of olivine. Though I have reached different conclusions as to the occurrences 
of this area, Ido not in the least doubt that every mineral has been produced 
somewhere in nature by every possible method. 
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ranges are very much alike whatever their age, the Téjon 
(Eocene) beds however are of a much lighter color than the 
Chico (late Cretaceous) or the Miocene ‘rocks. The Chico 
again is usually more indurated than the Miocene. While the 
Knoxville (Neocomian) sandstones,.where unaltered, closely 
resemble those of later periods, no case is known in which 
unaltered Knoxville beds are not intimately associated with 
greatly disturbed and metamorphosed rocks of the same age, 
so that there is no difficulty in discrimination when once it is 
established, that the epoch of violent upheaval and metamor- 
phism followed soon after the close of the Knoxville. This 
fact I have already proved.* 

Field study showed that the Coast Ranges are probably 
everywhere underlain by granite. The microscopic examin- 
ations have given this inference unexpectedly strong confirma- 
tion, for though on structural grounds it appears certain that 
a portion of the later sandstones were formed at the expense of 
earlier arenaceous beds, they all exhibit unmistakable evidence 
of granitic origin. They are thus so similar that they may be ~ 
discussed together lithologically. The microscope shows that 
the main constituents are quartz fragments with abundant 
fluid inclusions, and in other respects entirely resembling the 
quartzes of the underlying granite, orthoclase and the same 
plagioclases found in the granite. Biotite in foils deformed by 
the pressure of the adjoining grains is not infrequent, and 
decomposition products traceable to this mineral are common. 
Clastic grains of hornblende exactly like that in the granite 
are tolerably common. Apatite, titanite, zircon, tourmaline, 
rutile and epidote, also occur. The only clastic constituent 
not directly referable to the granite consists of black scales, 
which are sparsely disseminated in some localities, and which 
resemble in some cases fragments of carbonaceous shale, while 
in others they suggest plant remains. The proportion of 
quartz in the sandstones is as a matter of course greater than 
in the granite. The grains are commonly rounded like ordinary 
beach sand, but are sometimes extremely sharp. The cement 
is largely calcite. The sandstones are subject to the ordinary 
decomposition known as weathering, by which the ferromag- 
nesian silicates are in part converted to chlorite and in part to 
a ferruginous cement. 

Sharply defined limits cannot be drawn between the various 
metamorphosed rocks of the Coast Ranges; they pass over into 
one another by degrees. For purposes of description, how- 
ever, it is desirable to consider certain types as distinet. The 
divisions which appear to satisfy best both their field occur- 
rence and their microscopical character are as follows: Par- 

* Bull. U. 8. Geol. Survey, No. 19. 
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tially metamorphosed sandstones in which, although a process of 
recrystallization has begun, the clastic structure as seen under 
the microscope is not obliterated but is often more or less 
obscured. ‘This class will be referred to hereafter for the sake 
of brevity as altered sandstones. Granular metamorphics in 
which metasomatic recrystallization of sandstones has trans- 
formed the mass into a holocrystalline aggregate which, in its 
most complex development, consists of augite, amphibole, feld- 
spar, zoisite, quartz and accessory minerals. This class cannot 
be sharply separated from the first or from the next following. 
By the suppression of one or more constituents, groups are 
formed under this class, such as metamorphic diabase, meta- 
morphic diorite, amphibolite, ete. The third class embraces the 
glaucophane schists derived from certain shales much as the 
granular metamorphics are produced from sandstone. These 
schists almost invariably carry muscovite, quartz, zoisite and 
other minerals. The phthanites are a series of more or less 
calcareous schistose rocks which have been subjected to a pro- 
cess of silicification resulting in chert-like masses, which retain 
schistoid structure and are intersected by innumerable quartz 
veins. They usually carry more or less zoisite. Finally the 
serpentines which have resulted in part from the direct action of 
solutions on sandstones and in part from alteration of the 
granular metamorphics. They cannot be rigidly divided from 
the rocks from which they are derived, since many of these 
contain some serpentine; but there is also a very large amount 
of tolerably pure serpentine in the region under discussion. 
A considerable number of minerals have been generated in 

these rocks by metasomatic processes and weathering. These 
are biotite, muscovite, augite, hornblende, glaucophane, labra- 
dorite, andesine (probably), oligoclase, albite, orthoclase, quartz, 
zoisite, rutile, ilmenite, titanite, apatite, garnet, nacrite, chlorite, 
epidote, serpentine and chromite. Talc is known to occur in 
the Coast Ranges but does not happen to be represented in the 
collections for this investigation. A careful search has been 
made in the slides for other minerals as rhombic pyroxene, anda- 
lusite, dipyre, prehnite, allanite and zeolites, but without success. 
Zeolites have been found macroscopically in vugs, but not as 
rock constituents. The most interesting and in some respects 
the most important mineral found is zoisite, which has been 
repeatedly analyzed and tested. It corresponds completely to 
that found by Mr. A. Cathrein in the European saussurites.* 

* Dr. T. S. Hunt was, I believe, the first to show that some saussurites were 
largely or wholly composed of saussurite (this Journal, vol. xxvii, 1859, p. 336). 
Mr. Cathrein showed that many of them are mixtures of zoisite and feldspar 
(Groth’s Zeitschrift fir Krys. u. Min., vol. vii, 1883, p. 234). Since the composi- 
tion of saussurite is known, it does not appear desirable to retain this designation 
for the mixture. 
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Though not among the most readily recognizable minerals, it 
ean be distinguished with tolerable ease by its physical and 
optical properties. Some of its important characteristics are as 
follows: rather strong refraction, tint under the microscope 
colorless to faint yellowish green, in the latter case slightly 
pleochroitic, colors of interference bluish gray to a dull yellow, 
this tint being sometimes pale and sometimes strong but rarely 
or never bright. It occurs in granular aggregates and in 
prisms; the latter are usually jointed, occasionally more than 
twenty times. The prisms are generally fluted in the direction 
of the main axis. Cross-sections are square or show a single 
corner truncated. The axes of elasticity are as nearly as can 
be observed strictly parallel to the main crystallographic axis 
and to the pinacoidal faces. The angle of the optical axes is 
large and their plane is parallel to one of the pinacoidal faces. 
Glaucophane was first recognized in rocks from California, so 
far as | know, by M. Michel-Lévy in 1878.* It appears to be 
connected with ordinary hornblende by transitions. No special 
comments are requisite on any of the other minerals excepting 
serpentine, which will be discussed below. 

All the more important processes of metasomatic recrystal- 
lization can be traced in the altered sandstones, rocks the 
clastic origin of which could not be doubted for a moment. 
In many cases one of the first stages in the process is the reso- 
lution of the clastic grains into crystalline aggregates from 
which new minerals are again built up. Augite and horn- 
blende have been observed forming in this manner. The 
newly-formed ferro-magnesian silicate crystals are often com- 
posed of groups of microlites not quite united and yet possessing 
a common crystallographic outline. The sharp edges of these 
minerals, their structure and the relation to the still traceable 
clastic fragments, all forbid the supposition that they are them- . 
selves transported fragmental material. Feldspars form in the 
same way, and in some cases it can be shown that a single 
newly-formed feldspar with sharp crystallographic outlines 
occupies the position of several of the original clastic grains. 
The feldspars also crystallize along tiny veins in the slides. A 
frequent occurrence is the resolution of quartz grains into 
plagioclase microlites. The reaction begins on the surface of 
the quartz grains and produces a fringe of twinned feldspar 
microlites in positions approximately normal to the surface of 
the residual kernel. The microlites do not merely abut against 
the kernel, but penetrate it for a sensible distance like closely 
set pins in a cushion. The newly-formed feldspars in the 
altered sandstones are in part elongated microlites, in other 
cases they are granular. Zoisite is present in nearly all the 

* Fourth Annual Report State Mineralogist of California, p. 182. 
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altered sandstones. It forms in the aggregates which result 
from the clastic grains and its microlites sometimes pierce quartz 
erains from the outside. It is abundant in the granular as well 
asin the prismatic form. A sandstone from New Almaden has 
been subjected to somewhat irregular alteration. Although 
the rock as a whole is both macroscopically and microscopically 
a fragmental one, there are fields in the slide which have the 
mineralogical and structural character of an eruptive diabase. 
These areas do not represent inclusions but pass gradually 
over into others in which the clastic character is unquestionable, 

It is only necessary to suppose the processes indicated above 
carried further to obtain a product in which the clastic char- 
acter of the rocks would cease to be evident. The altered 
sandstones thus form under the microscope as they do in the 
field transitions from the clastic series to the holocrystalline 
rocks. 

The granular metamorphic rocks of the Coast Ranges are sep- 
arable under the microscope into several groups, but this is not 
practicable by unaided vision; indeed there are many cases in 
which specimens which appear to the naked eye to be not 
greatly altered sandstones prove under the microscope to be 
holocrystalline rocks with none of the microstructure of a 
sandstone. ‘The most important class of the granular rocks is 
a metamorphic diabase in which the pyroxene sometimes 
assumes the form of diallage. None of this rock has been 
found in place which carries olivine, but in one district occur 
rounded pebbles of an olivinitic gabbro, which is probably of 
metamorphic origin. This is the only olivinitic rock excepting 
basalt met with in this region. The metamorphic diabase in a 
large proportion of cases carries much zoisite. It also fre- 
quently contains hornblende. Metamorphic diorites are also 
not infrequent, and in some cases the quantity of hornblende 
so greatiy exceeds that of the other constituents that the rock 
deserves the name of amphibolite. Glaucophane occurs in 
both the diabasic and the dioritic rocks. The quantity of 
zoisite in these rocks is very variable, and in some cases is so 
great that with feldspar it forms almost the entire mass. The 
schistose metamorphics, not including phthanites, are all char- 
acterized by the presence of glaucophane. In every case but 
one, zoisite is associated with the glaucophane in this group, 
and either muscovite or biotite is usually present. 

The phthanites or silicified shales form a very distinct group 
readily distinguishable from the granular metamorphics. They 
usually are green or brown in color and intersected by in- 
numerable quartz veins. They contain microscopic organic 
remains, and imbedded in the quartz veins or projecting from 
their walls are often numerous zoisite crystals. All of these 

Am. Jour. Sci.—THIRD Suries, Vou. XXXI, No. 185.—May, 1886. 
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rocks are best represented by detailed descriptions of special 
examples for which there is no space here. 

Serpentine in a comparatively pure state occurs throughout 
the quicksilver belt in irregular areas. As nearly as can 
be estimated these areas amount to somewhat over 1,000 square 
miles between Clear Lake and New Idria. Serpentine is also 
one of the mineral constituents of many of the altered sand- 
stones and of the granular metamorphic rocks. In order that 
there might be no mistake as to the identification of this 
mineral in its various relations, quantitative analyses and quali. 
tative tests have been made of many occurrences. The optical 
properties have been studied in the specimens analyzed and 
microchemical tests have been applied to confirm optical 
determinations. The result obtained is that the serpentine of 
the massive occurrences and that of the partially serpentinized 
sandstones and granular metamorphics is the same. It is 
a biaxial variety, often just perceptibly dichroitic and rarely 
shows differences of tint as great as those characteristic of 
chlorite. It might be called antigorite if it seemed needful to 
separate the biaxial serpentines. Bastitic developments are 
common, but these masses do not appear to be pseudomorphic 
or to differ, except in regularity of structure, from the ordinary 
forms. Chrysotile and marmolite, which are not infrequent, 
seem also mere structural modifications. The net structure so 
usual, though not invariable, in serpentine formed from olivine 
has nowhere been detected. Where any considerable quantity 
of serpentine is present it usually shows the grate-structure 
first studied in the Alpine serpentines by von Drasche and since 
by others in the Grecian and Swedish occurrences. 

No considerable portion of the serpentine of the Coast Ranges 
has resulted from the decomposition of olivine. Only pebbles 
of a single olivine gabbro have been found and these contain a 
mere trace of serpentine, while the origin of the serpentine has 
been traced in a great number of cases to rocks containing no 
olivine. Field observations show most conclusively that the 
great mass of the serpentine of this area is derived from the 
sandstones either immediately or through an intermediate 
granular metamorphic rock. This is evident both from the 
larger features of structure and from the details of separate 
croppings. Highly inclined strata strike into serpentine areas 
in such a manner as wholly to preclude the supposition that 
the serpentine is an older mass, and one side of an anticlinal 
fold is serpentinized while the other is unaltered and carries 
excellent fossils. These relations are particularly clear at 
Knoxville and at Mt. Diablo. There are also clear cases of 
transition from sandstone to serpentine. In the conversion of 
more or less metamorphosed saudstone masses to serpentine as 
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seen in the field, the transformation begins along the cracks, 
working toward the centers of the included fragments. 
Where the process is incomplete the structure produced is 
entirely analogous to that of decomposing olivines as seen 
under the microscope. Sometimes, but not often, the serpen- 
tine assumes a radial form, the fibers being normal to the 
surface of the nucleus. Prof. Whitney observed such a case at 
New Idria, and I found a very beautiful one at Knoxville. 
The serpentinoid rocks usually show evidence of very violent 
dynamical action. 

Under the microscope it can be shown, as I think, beyond a 
question, that all of the principal components of the sandstones 
and granular metamorphic rocks are subject to serpentinization. 
After the investigations of von Drasche, Hussak, Hichstadt, 
Weigand and others, it will surprise no one to learn that 
augite and hornblende are converted to serpentine.* The 
decomposition begins along the surfaces and cracks exactly as 
in the case of chloritization and uralitization. Though vom 
Rath, Bischof and others have shown that the conversion of 
feldspar to serpentine is probable, I am not aware that any 
definite proof of this change bas been published. In the Coast 
ranges it seems beyond a doubt. The feldspars are corroded 
externally, cracks are widened irregularly and filled with 
serpentine, and in some cases elongated teeth of serpentine may 
be seen biting into the clear feldspathic mass. It is impossible 
to explain these and many similar occurrences except on the 
supposition that a reaction between some fluid and the feld- 
spars has yielded serpentine. 

That quartz is sometimes converted into talc is a well known 
fact. In the altered sandstones of the Coast Ranges it is con- 
verted into serpentine. The proof is similar to that of the 
transformation of other minerals. In one very beautiful 
instance a clastic quartz grain of characteristic form, full 
of fluid inclusions, and containing an imbedded apatite 
microlite has been attacked from the outside. ‘The original 
outline is preserved, but the outer layer of the fragment is now 
entirely occupied by felted fibers of serpentine and in addition 
long, slender, green needles pierce into the quartz toward its 
center. That there might be no doubt as to the character of 
this occurrence, the slide was uncovered and a second entirely 
similar, but less beautiful instance was chemically tested. 

* Without entering here upon any review of the serpentine controversy, it may 
be noted that although the hypothesis that serpentine is substantially a result of 
the alteration of olivine seems to have been based chiefly upon the investigations 
of Professors Sandberger and Tschermak, published in 1866-7, Sandberger 
recognized the formation of serpentine from the hornblendic rocks and diabases, 
and Tschermak describes the conversion of enstatite to serpentine. Dr. Hunt 
also admits the derivation of serpentine from enstatite in some cases. 
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The direct conversion of quartz to serpentine is a very general 
and very important process in the Coast Ranges. 

Apatite is also converted to serpentine in the roeks under 
discussion,* while mica and garnet occur under conditions 
which suggest but do not prove their transformation to serpen- 
tine. Pseudomorphs of serpentine after these minerals are 
known to occur elsewhere. Zoisite is probably but not certainly 
serpentinized. 

The lithological and mineralogical results reached for the un- 
altered and metamorphosed rocks of the Coast Ranges having 
been briefly sketched, a few notes on the geperal geological and 
chemico-physical relations of the process of transformation 
remain to be stated. In the present state of opinion it is not 
superfluous to insist upon the derivative character of the holo- 
crystalline metamorphic rocks and the serpentine of the quick- 
silver belt. It appears that at least one mineral of nearly 
universal distribution in the granular and the schistose rocks, 
and in the phthanites is especially significant in this respect, 
and that a sound argument may be based upon its presence in- 
dependently of other evidence. Zoisite is not known to occur 
as an original component of eruptive rocks nor, considering 
that it is essentially a hydrous mineral, is it easy to conceive 
that it shouldso occur. That it may be met with in such rocks, 
like epidote, as a product of decomposition is not improbable, 
but when it is found imbedded in clear continuous minerals 
evidently formed in place and showing no decomposition, as is 
the case in these rocks, there can hardly be a question that 
these minerals have been formed at a comparatively low 
temperature, probably below the boiling point and certainly 
below a red heat. The proof of the metamorphic character of 
the rocks is wholly independent of zoisite, however, and would 
be abundantly convincing if zoisite were a common constituent 
of lavas. : 

The depth at which the rocks now exposed were buried at 
the epoch of metamorphism, soon after the close of the 
Neocomian, was probably a moderate one, perhaps 2,000 or 
3,000 feet. At a sufficient pressure rocks appear to be moulded 
by dynamical action rather than crushed, and Dr. Lehmann has 
shown that under such conditions even crystals may be bent. 
In the Coast Ranges no such phenomenon has been observed. 
On the contrary, the amount of fracturing is really astonishing. 

Both the Coast Ranges and the Gold Belt are underlain by 
granite, which probably also forms the bed rock in the great - 
valley of California. It is impossible to conceive of any force 
which should have produced intense lateral compression in the 
sedimentary rocks overlying the granite without disturbing the 

* Prof. J. D. Dana observed pseudomorphs of serpentine after apatite, this 
Journal, vol. vili, 1874, p. 371. 
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latter. The granite as well as the strata above it must there- 
fore have been disturbed and laterally compressed at the close 
of the Neocomian. Many thousand square miles of exposures 
of rock shattered until the average size of the unbroken lumps 
does not exceed that of an egg indicate the amount of energy 
converted into heat in this process. Before the upheaval, the 
sandstones and even the granite must have contained water 
which was warmed by this heat and, since the action was com- 
pressive, interstitial space must have been reduced, tending to 
force the solutions formed to the surface along the lines of 
fracture. Under these conditions chemical transformations 
were inevitable and it is as nearly as possible certain that these 
would not be confined to a mere molecular rearrangement of 
the constituents of the sedimentary rocks, but that the granite 
also would be involved. 

Without entering into any discussion of the chemical pro- 
cesses here, it is sufficient to state that the indications of field 
study are that the solutions were at first very warm and basic 
and that the earliest stage of the process of metamorphism was 
the conversion of the sandstones and some shales to holo- 
erystalline rocks carrying augiteand amphibole. Serpentiniza- 
tion seems to have followed at a lower temperature and finally 
ensued silicification, the solutions having now become acid. It 
is possible, and even probable, that silicification went on in 
part contemporaneously with the other processes, but under 
different physical conditions. The evidence, however, is on the 
whole against the supposition that the silicified rocks now ex- 
posed were thus modified contemporaneously with the forma- 
tion of the basic metamorphic rocks of the present surface. 
Chloritization and impregnation with caleite and gypsum are 
still going on at ordinary temperature. 

In conclusion it may be noted that all the more important 
minerals of the Archean schists are found in the metamorphosed 
rocks of the Coast Ranges. The quantitative relations indeed 
are different, especially those of the feldspars; for while ortho- 
clase predominates in the Archean, plagioclase is much more 
common in the Coast Ranges. There_is far less evidence 
of great pressure in the quicksilver belt than inmost Archean 
areas, and the intensity of chemical action has been much less 
uniform; but it is evident that under conditions not greatly 
dissimilar to those which prevailed in California at the close of 
the Neocomian, rocks not distinguishable from those of Archean 
areas might have been formed. Indeed more than one eminent 
geologist has believed that he recognized the rocks in question 
as Archean. It does not follow, however, to my mind, that all 
Archean rocks are necessarily of an origin similar to that of 
the metamorphosed rocks of the Coast Ranges. 

San Francisco, Office U.S. Geol. Survey, Feb., 1886. 
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Art. XXXIII—ARNOLD GUYOT.* 

Ir is a remarkable fact in the history of American Science 
that, forty years since, the small Republic of Switzerland lost, 
and America gained, three scientists who became leading men 
of the country in their several departments—AGassiIz in 
Zoology, GUYoT in Physical Geography, and LESQUEREUX in 
Paleontological Botany; Agassiz coming in 1846, Guyot and 
Lesquereux in 1848. A fourth, Mr. L. F. pp PourTALES, who 
accompanied Agassiz, also merits prominent mention; for he 
was ‘the pioneer of deep-sea dredging in America.”t The 
Society of the Natural Sciences at Neuchatel lost all four. As 
an American Academy of Science we cannot but rejoice in our 
gain; but we may also indulge at least in a passing regret for 
Neuchatel, and recognize that, in the life and death of Agassiz, 
Pourtalés and Guyot, we have common interests and sympathies. 

My own acquaintance with Professor Guyot commenced 
after his arrival in America, when half of his life was already 
passed. In preparing this sketch of our late colleague, I have 
therefore drawn largely from others, and chiefly from his 
family, and a memorial address by Mr. Charles Faure of Swit- 
zerland, one of his pupils, which was published in 1884 by the 
Geographical Society of Geneva.t 

Youth—Education in Switzerland and Germany, 1807 to 1835. 
—To obtain a clear insight into the character of Professor 
Guyot it is important to have in view, at the outset, the fact 
that the Guyot family, early in the sixteenth century, became 
protestants through the preaching of the French reformer, 
Farel, the cotemporary of Luther; and also the sequel to this 
fact, that at the revocation of the Edict of Nantes, the Guyots 
were one of sixty families that moved into the principality of 
Neuchatel and Valangin from the valleys of Pragela and 
Queyraz in the high Alps of Dauphiny. Thus the race was 
one of earnestness and high purpose, of the kind and origin 
that contributed largely to the foundations of the American 
Republic. 

Professor Guyot’s father, David Pierre, esteemed for his 
‘“yrompt intelligence and perfect integrity,” married in 1796 
Mademoiselle Constance Favarger, of Neuchatel, ‘‘a lady of 

* From a biographical sketch by James D. Dana, prepared for the U.S. National 
Academy of Sciences, and read by Professor ©. A. Young at the meeting in April 
at Washington. 

+ Mr. Alexander Agassiz, this Journal, III, xx, 254, 1880. 
t Vie et Travaux d’ Arnold Guyot, 1807-1884, par Charles Faure. 12 pp. 8vo. 

Read before the Geographical Society of Geneva, April 25 and Aug. 25, 1884. 

, 
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great personal beauty and rare nobility of character.” Arnold- 
Henri, one of twelve children, was born at Boudevilliers, on 
the 28th of September, 1807, and was named after the Swiss 
patriot of the fourteenth century, Arnold von Winkelried. 
About 1818, the family moved to Hauterive, three miles from 
Neuchatel, where his father died the following year. From 
the house at Hauterive young Guyot had before him, to the 
southeastward, the whole chain of the Alps from Mt. Blane to 
Titlis, and his sensitive nature must have drawn inspiration 
from the glorious view; the same deep draughts that he 
attributed to young Agassiz, in his Academic memoir of his 
friend, with reference to the same circumstance—the snowy 
Bernese Oberland, the Jungfrau, the Schreckhorn, the Finster- 
aarhorn, the Higers, and other summits to Mt. Blane, ‘‘ looming 
up before his eyes in the view from his house.” Such views 
are calculated to make physical geographers and geologists of 
active minds. Guyot early found pleasure in the collection of 
insects and plants, and evinced in this and other ways the 
impress that Nature was making upon him. 

Previous to the year 1818 and for a while after, Guyot was 
at school at La Chaux-de-Fonds, a noted village ‘‘at the foot 
of a narrow and savage gorge of the Jura,” 3,070 feet above 
the sea. In 1821, then fourteen years of age, he entered the 
College of Neuchatel, where he was a classmate of Leo Les- 
quereux, the botanist. ‘‘Guyot and I,” says Lesquereux, 
“were for some years brothers in study, working in common, 
and often spending our vacations together either at Guyot’s 
home at Hauterive, or with my parents at Fleurier, and I owe 
much in life to the good influences of this friendship.” His 
studies were classical—Latin, Greek and philosophy, arranged 
for preparing a boy for the profession of the law, medicine or 
theology, with almost nothing to foster his love of nature. 

In 1825, then eighteen, he left home to complete his educa- 
tion in Germany. After spending three months in Metzingen, 
near Stuttgart, in the study of the German language, he went 
to Carlsruhe, where he became the inmate of the family of Mr. 
Braun, a man of wealth and scientific tastes, the father of the 
distinguished botanist and philosopher, Alexander Braun, the 
discoverer of phyllotaxis—terms of intimacy with the family 
on the part of several of his relatives having been of long 
standing. The family comprised also a younger son and two 
daughters. Agassiz was then a student at Heidelberg, along 
with young Alexander Braun and Carl Schimper, but he spent 
his summer vacations at the Carlsruhe mansion. A vacation 
soon came. ‘The arrival of the eldest son of the house,” says 
Guyot, “already distinguished by his scientific publications, 
with his three university friends—Agassiz, Schimper, the 
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gifted co-laborer of Braun in the discovery of phyllotaxis, and 
Imhoff of Bale, the future author of one of the best Entomo- 
logical Faunas of Switzerland and Southern Germany, was a 
stirring event, which threw new life into the quiet circle. 
‘After ashort time devoted to a mutual acquaintance, every 
one began to work. The acquisition of knowledge was the 
rule of the day, and social enjoyment was but the sweet condi- 
ment to more solid food.” ‘‘ My remembrance,” remarks Guyot, 
‘“‘of those few months of alternate work and play, attended by 
so much real progress, are among the most delightful of my 
younger days.” “Add to these attractions the charm of the 
society of a few select and intimate friends—professors, clergy- 
men and artists, dropping in almost every evening, and you 
will easily understand how congenial, how fostering to all 
noble impulses, must have been the atmosphere of this family 
for the young and happy guests assembled under its hospitable 
roof.” “Months were thus spent in constant and immediate 
intercourse with nature, the subjects of investigation changing 
with the advancing seasons. Botany and Entomology had 
their turn; ‘and demonstrations of phyllotaxis,” he says, 
“now reduced to definite formula by Braun and Schimper, 
and shown in various plant forms, but especially in pine cones, 
were of absorbing interest. The whole plan of the present 
animal kingdom in its relations to the extinct paleontological 
forms was the theme of animated discussions.” He adds: “It 
would be idle to attempt to determine the measure of mutual 
benefit derived by these young students of nature from their 
meeting under such favorable circumstances. It certainly was 
great, and we need no other proof of the strong impulse they 
all received from it than the new ardor with which each pursued, 
and subsequently performed, his life-work.”* Guyot took in, 
equally with Agassiz, the newly developed views in botany, 
embryology and zoological classification, that were the subjects 
of thought and discussion, and became profoundly impressed 
thereby, as his later work shows. 

From Carlsruhe, Guyot went to Stuttgart and took the course 
at the Gymnasium, where he made himself a proficient in the 
German language. 

Returning to Neuchatel in 1827, and there quickened in his 
religious faith and feelings by the preaching of the Rev. Samuel 
Petit-pierre, his benevolent impulses under a sense of duty led 
him to turn from science to theology, and commence serious 
preparation for the ministry. In 1829, then 22 years of age, 
having this purpose still in view, be went to Berlin to attend 
tbe lectures of Schleiermacher, Neander and Hengstenberg, 
and there remained for five years (1830-1835). In order to 

* Guyot’s Academic Memoir on Agassiz, pp. 8-12. 
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meet his expenses he accepted the invitation of Herr Miiller, 
Privy Counsellor of the King of Prussia, to live with him and 
give his children the benefit of conversation in French. The 
position brought him into intercourse with the highest of Berlin 
society, and was in many ways Of great benefit to him. 

While pursuing theology in earnest, his hours of recreation 
found him making collections of the plants and shells of the 
country and otherwise following his scientific leadings. Hum- 
boldt introduced him to the Berlin Botanical Garden, where 
the plants of the tropics were a source of special gratification 
and profit. Moreover, other courses of lectures attracted him, 
as those of Hegel, of Steffens on Psychology and the Philosophy 
of Nature, Mitscherlich on Chemistry, Hofmann on Geology, 
Dove on Physics and Meteorology, and especially those of 
Carl Ritter, the eminent geographer, whose philosophical views 
were full of delight to his eager mind and touched a sympathetic 
chord. Under such influence he found his love for nature- 
science rapidly taking possession of him, and, yielding finally 
to his mental demands, and to his conscience which would 
not permit him to enter the ministry with a divided purpose, 
he determined to drop theology and make science his chief 
pursuit. 

Ritter, of all his Berlin teachers, made the profoundest impres- 
sion on his course of thought; and his biographical sketch of 
him, presented to the American Geographical Society in 1560, 
four years after his death, exhibits the admiring affection of a 
pupil who was like Ritter in his profounder sentiments. A 
paragraph from the Memoir will show the tenor of Ritter’s 
geographical teaching, and something of the mental affiliation 
between them. Guyot says:* 

“Ritter, in the introduction to the ‘Erdkunde,’ declares that 
the fundamental idea which underlies all his work, and furnishes 
him a new principle for arranging the well-digested materials 
of the science of the globe, has its deep root in the domain of 
faith. This idea, he adds, was derived from an inward intuition, 
which gradually grew out of his life in nature and among men; 
it could not be, befurehand, sharply defined and limited, but 
would become fully manifested in the completion of the edifice 
itself. That noble edifice is now before us, and unfinished 
though it be, it reveals the plan of the whole and allows us to 
perceive that fundamental idea on which it rests. It is a strong 
faith that our globe, like the totality of creation, is a great 
organism, the work of an all-wise Divine Intelligence, an admirable 
structure, all the parts of which are purposely shaped and 
arranged, and mutually dependent, and like organs, fulfill, by the 
will of the Maker, specific functions which combine themselves 

* Amer. Geographical Soc., ii, p. 48, Feb., 1860. 
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into a common life. But, for Ritter, that organism of the globe 
comprises not nature only; it includes man, and with man, the 
moral and intellectual life.” ‘None before him perceived so 
clearly the hidden but strong ties which mutually bind man to 
nature; those close and fruitful relations between man and his 
dwelling-place, between a continent and its inhabitants, between 
a country and the people which hold it as its share of the conti- 
nent; those influences which stamp the races and nations each 
with a character of their own, never to be effaced during the 
long period of their existence.” 

We have here ideas that took, in Guyot, a still larger 
eX pansion. 

Guyot derived great profit also from the works and the 
friendship of Humboldt. His address at the Humboldt Com- 
memoration of the American Geographical Society, in 1859, is 
a beautiful tribute to this model student of nature.* 

The five years of study at the Berlin University terminated 
with an examination which brought him the degree of Doctor 
of Philosophy. His graduating thesis, written in Latin, as was 
then the rule, was on ‘‘the Natural Classification of Lakes.” 

To Paris, the Pyrenees, Italy, etc., 1835 to 1839.—From Berlin, 
Guyot, in his 28th year—June of 1835-—went to Paris to take 
charge of the education of the sons of Count de Pourtales- 
Gorgier, and continued with the family four years. Letters of 
introduction from Humboldt led to much intercourse with 
Brongniart and other savants of the great city. For the sum- 
mer he accompanied the family to Haux Bonnes in the Pyr- 
enees. While there he made ascents of the higher peaks, and 
took excursions in various directions—to the amphitheater of 
Gavarnie, to the borders of Spain by the Pont d’Espagne and 
the pass beyond, to the valley of the Haux Chaudes, ete.—in 
order to study the features and flora and compare the moun- 
tains in these respects with the Alps. In the autumn he went, 
with his pupils, to Belgium, Holland and the Rhine, to study 
the characteristic features of these countries. he following 
year he visited Pisa, and there, besides enjoying the new scenes, 
made various barometrical measurements, determining the ele- 
vation of the observatory at Florence, and of other points. 

Trip to the Giacters in 1838.—In the spring of 1838, Agassiz 
found Guyot still at Paris. During the summer preceding 
Agassiz had startled the scientific world by his declarations as 
to a universal Glacial era, contained in a paper read before the 
Helvetic Society of Natural Sciences assembled at Neuchatel. 
His work in 1837—prompted in 18386 by Charpentier’s discov- 
erles proving the fact of a former epoch of immense glaciers in 

* Journal of the American Geographical Society, 1, 242, October, 1859. 
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Switzerland-—had led him to the bold conclusion; and he was 
full of his new ideas when he met his old companion. He 
urged Guyot, who hesitated at accepting his views without 
examination, to study the facts; and obtained the promise that 
he would visit the glaciers that summer. 

In his memoir of Agassiz, Guyot states that his six weeks of 
investigation that season in the central Alps (nearly two years 
before Agassiz commenced his investigations on the glacier of 
the Aar) were fruitful beyond expectation. He says, that from 
the examination of the glaciers of the Aar, Rhone, Gries, 
Brenva and others, he learned (1) the law of the moraines; 
(2), that of the more rapid flow of the center of the glacier than 
the sides; (8), that of the more rapid flow of the top than the 
bottom ; (4), that of the laminated or ribboned structure (‘“‘ blue 
bands”); and (5) that of the movement of the glacier by a 
gradual molecular displacement, instead of by a sliding of the 
ice-mass as held by de Saussure. 

The facts and conclusions were communicated to the Geo- 
logical Society of France at a meeting at Porrentruy in Sep- 
tember, 1838. ‘The communication is mentioned in the Bulletin 
of the Society for that year;* but no report of it is given, 
because the manuscript remained in his hands unfinished in 
consequence of his protracted illness the winter following. 
The portion then finished (which afterward was withheld from 
publication because, by special arrangement between them, 
Agassiz, in 1840, entered upon the special study of the glacier, 
and Guyot on that of the Swiss erratic phenomena, for their 
separate parts of a general survey) has recently been printed in 
volume xiii (1883) of the Bulletin of the Neuchatel Society of 
Natural Sciences. 

In 1842 this manuscript was deposited, by motion of Agassiz, 
in the archives of the Neuchatel Society, and in 1848 it was 
withdrawn by Guyot when he left for America. It is to be 
regretted that publication was not substituted in 1842 for 
burial. Its recent publication was made by the request of 
Guyot early in 1883 from a certified copy of the original 
manuscript. 

This paper gives the facts on which Guyot based his conclu- 
sions; and since these conclusions comprise some of the most 
important of the views now accepted relating to glacier motion 
and structure, and antedate the observations of Agassiz, Rendu 
and Forbes, they have special interest. 

The fact of a less rapid movement of the bottom ice than the top, 
owing to friction, he ascertained by the observation that in 
glaciers of steep descent, like the Rhone at its rapids, and the 
Gries, the transverse crevasses and the masses they cut off are 

* Volume ix, page 407. 
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at first vertical or nearly so; but below the rapids, where the 
slope is gentle and the crevasses become mostly closed, the 
masses are inclined with the pitch up stream; and this up- 
stream inclination is reduced, at the termination of the glacier, 
to a few degrees. The crevasses, although closing up below, 
are still traceable. He says: The so-called layers are not 
strictly layers; but great numbers of cracks remain which give 
to the mass the appearance of being made up of beds several 
yards thick, as may be seen in the glaciers of the Grindelwald 
valley, Aar and others. 

Further: to this pitch in the stratification at the lower 
extremity, the beds rising outward, Guyot attributes also the 
origin of the majestic ice-chambers, whence in most cases flow 
great streams, as that of the Rhone, of the Arveyron at the foot 
of the Mer de Glace, of the Liitschinen from the glaciers of 
Grindelwald. 

The more rapid movement of the center than the sides also was 
learned from the Rhone glacier and others of steep descent. 
The crevasses, at first transverse, were found to be arched in 
front below the rapids, and increasingly arched to the extremity, 
and the successive crevasse lines were very nearly concentric 
with the semicircular outline of the extremity of the glacier. 
He gives a figure of the Rhone glacier as seen from the Maien- 
wand in illustration; and other later glacialists have appealed 
to the same evidence of lateral friction. 

The semicircular outline of the terminal moraine was found 
to be another result of the cause just mentioned; and so also 
the ‘‘eventail” arrangement of the several moraines immedi- 
ately above the termination. The greater height and breadth 
of the central moraine is made a consequence of the greater 
velocity of the ice at the middle of the upper surface, more 
transportation taking place consequently in a given time. 

Again: The conclusion that the movement of the glacier was 
largely through molecular displacement was supported by his 
observation that the ice, instead of breaking up and rising into 
an accumulation of masses on its passage by an isolated rock, 
or rocky islet in its course, spread around and enveloped it 
without fracturing; and he refers to a fine example of this at 
the two isolated islets of rock in the midst of the great Brenva 
glacier, called the ‘‘ Eyes of the glacier.’ ‘The same thing is 
observed at the Jardin du Taléfre, a true islet in the midst of 
a mer de glace, having a border of blocks of rock, or of a 
moraine, cast upon its sides by the march of the glacier, just 
like the coast dunes of an island in the ocean.” 

In view of such facts Guyot observes: ‘‘If it is true that the 
different parts of a glacier move with different velocities; if the 
glacier adapts itself to the form of a valley and fills all depres- 
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sions without ceasing to be continuous; if it can bend around 
an obstacle and closely enclose it without the fracturing of its 
mass like a spreading liquid, we may affirm that the move- 
ments take place through a molecular displacement, and we 
must abandon, at least as the only cause, the idea of a slow 
sliding of the mass upon itself as incompatible with the phe- 
nomena presented.’* 

The blue bands of the glacier were first described by Guyot. 
He called the structure stratification, and observed it in the ice 
of the summit of the glacier of Gries, at a height of about 7500 
feet. A peculiar furrowing of the surface of the ice, the fur- 
rows one or two inches broad, attracted his attention; and this 
result of weathering he found to have come from the unequal 
firmness of the layers constituting it, layers of a softer “snowy 
ice” alternating with those of firm bluish glassy ice. The 
stratification was found by him to extend over hundreds of 
square meters, and downward, on the sides of crevasses, 20 to 
30 feet deep, or as far down as the eye could penetrate; and it 
was evident that the layers of the two sides of a crevasse were 
once continuous, ‘like the strata of the opposite sides of a 
transverse valley.” He compared the stratification to that of 
certain coarsely schistose limestones.| He remarks in conclu- 
sion: “ We should say that the lavers were not annual layers, 
but rather a series made day by day from small successive 
snow-falls that were melted in part by the sun of the day, and 
covered each night by the thick frost-glazing which envelops all 
the snowy summits of the high Alps.” 

He further observes that ‘these beds were evidently formed 
at a greater height and in a different position from that where 
observed.” He adds, in closing his remarks on the subject— 
“Do the beds, at first horizontal, or at least parallel to the 
surface of the glacier, accomplish, during its movement, evolu- 
tions, as yet imperfectly understood, analogous to those before 
mentioned [that is, those occasioned by differences in velocity 
of the middle, sides and bottom, owing to unequal friction]. 
This is a point whieh should have further examination, with 
observations as minute, numerous and universal as possible. 
Unfortunately a thick fog and threatening weather forced me 

* Tn French his words of 1838 are: ‘‘On peut affirmer que ces mouvements ne 
peuvent avoir lieu qu’en vertu d’un déplacement moléculaire, et il faut abandonner, 
au moins comme cause unique, lidée d’un glissement lent de la masse sur elle-méme, 
comme incompatible avec les phénoménes que presente la marche des glaciers.” 

+ His words are: ‘“‘stratifié a la facon de certains calcaires grossiérement schis- 
teux;” and he explains it himself as implying a lamellar structure. eg 

¢ In the original, the words are: On aurait dit, non pas des couches annuelles, 
mais une série de couches plutét journaliéres de neige tombée successivement par 
petites quantités. puis fondue en partie par le soleil de Ja journée, et couverte 
chaque nuit de cet épais verglas qui, au-dessus de la région des glaces, recouvre 
toutes les sommités neigeuses des hautes Alpes.” 
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to stop work before I had ascertained whether this structure 
was general for the whole mass of the glacier at that altitude, 
or whether restricted to that locality notwithstanding the proof 
of so large an extension of it.” Guyot had some confidence in 
his conclusions, but he also felt, as he states, the importance of 
more detailed investigation in order to decide on their real 
value. 

On the Ist of December, 1841, Guyot communicated the 
results of his observations of 1838, so far as relates to the 
‘blue bands,” at a meeting of the Neuchatel Society of Natural 
Sciences—‘“‘reading some passages from his notes written in 
1838.” This communication contains the additional fact that 
the layers of the stratification in the Gries glacier were inclined 
about 45°; were nearly transverse to the principal glacier; and 
appeared also to have sinuosities due to lateral compression.* 
Agassiz, in his Systéme Glaciaire (1847), cites from Guyot’s 
manuscript (then deposited with the Neuchatel Society) the 
part relating to the ‘‘ blue bands” (the only part he ever cited) ; 
and in this citation there is a paragraph on the inclination or ~ 
pitch of the layers, with Guyot’s additional suggestion that the 
pitch of the layers looked as if a result of the advance of the 
surface portion over that below, a point already explained by 
him [by reference to friction at bottom.t] 

Guyot opens his account of the blue bands with the remark 
that as he had seen them only on one occasion, he dares not 
hazard an explanation. But nis later sentences show that he 
was inclined to regard them as a result of deposition, and to 
consider the varying inclinations in the layers as due to sub- 
sequent disturbing action, that is, to the irregularities of glacier 
movement caused by friction and pressure under the varying 
conditions of the glacier valley as to form and size. 

Whether right or wrong in these suggestions as to the bands, 
Guyot’s six weeks’ work in the summer of 1883 was indeed 
fruitful. He had the satisfaction of seeing his conclusions for 
the most part confirmed by the facts collected by Agassiz, 
Forbes and others, but not of receiving credit for his work and 

* The report of the meeting of the Neuchatel Society is contained in the Ver- 
handlungen of the Schweiz. Nat. Gesellschaft, Altdorf, 1842. The abstract of 
Guyot’s communication here given (pp. 199-200) says: “la position de ces 
couches etait inclinée d’environ 45° dans le sens de la pente générale du glacier. 
Leur direction semblait presque transversale a celle du glacier principale, mais 
longitudinale a celle de son penchant méridional. Elle présentait quelquefois des 
sinuosités qui semblaient un effet de compression laterale.” 

+ The cited paragraph in the Systeme Glaciaire (p. 209) is as follows: “La 
direction de ces couches coupait 4 angle droit la ligne de marche (de pente) du 
glacier; leur inclination deviait de 30° a 40° de la perpendiculaire vers ia partie 
inférieure, comme si la pente superficielle gagnait de l’avance sur la partie inféri- 
eure ainsi que je l’ai décrit plus haut.” I learn from Mrs. Guyot that this para- 
graph is a part of the original manuscript, and that it was by oversight that it 
Was not sent to the Neuchatel Society in 1883 with the rest. 
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original conclusions, except on one point; and chiefly because 
of the want of proper publication.* 

Having attended at Berlin, the lectures of Dove on Physics 
and Meteorology, and those of Ritter on Physical Geography, 
Guyot knew, when he went to the mountains, what to look for 
in case the glaciers were great flowing streams of ice, as had 
often been supposed; he knew that the flow of a stream is 
retarded along the sides and bottom by friction; and he nat- 
urally looked also for something in the encounter of the glacier 
with rocks answering to molecular displacement. Hence, in 
his six weeks of observations on the glaciers, he reached, with- 
out waste of time, good conclusions—the conclusions of a 
physical geographer. His investigation did not enable him to 
appreciate the interior fracturing that works along with molec- 
ular displacement in the flow of the ice, but his conclusion 
was still far in the right direction, and decisive against the 
hypothesis he opposed. That he did not continue his study of 
the glaciers to thoroughly established results was owing to his 
yielding the subject afterward to Agassiz. Fidelity to his 
friend and his volunteered agreement curbed in and silenced 

* Rendu’s ‘' Théorie des Glaciers de la Savoie” was published in 1841 (Mem. 
Soc. Roy. Savoie, Chambery, vol. x). Forbes’s first letter from the Alps, announc- 
ing his discovery in August, 1841, of the ‘blue bands” in the Aar glacier, was 
communicated to the Royal Society of Edinburgh, Dec. 6, 1841, and published in 
January in Jameson’s N. Phil. J., vol. xxxii, 1842. Agassiz’s first work on gla- 
ciers, ‘‘ Htudes sur les Glaciers” was published in 1840. Neither of these publica- 
tions mentions Guyot. or his observations. 

Guyot’s communication of 1841, published in the Altdorf Verhandlungen, was 
drawn out by a discussion between Forbes and Agassiz relating to priority as to 
observations on the blue bands, and it was made just five days before Forbes’s 
first letter was readin Edinburgh. Agassiz claimed credit for Guyot at the meet- 
ing in 1841, as a set off against Forbes’s claim, and, again, in the N. Phil. Journ., 
Xxxili, 265, 1843. Forbes, in the following volume of that Journal, xxxiv, 145, 
1843, gives Guyot credit for original discovery as regards the “‘ blue bands” and 
speaks of his corresponding with him on the subject; and he repeats the acknowl- 
edgment to the ‘ingenious Professor of Neuchatel,” in his Travels through the 
Alps of Savoy, 1843 (1st edit.) and 1845 (2d edit.), page 28. Desor in the same 
Journal, xxxv, 308, 1843, in a paper on Agassiz’s recent glacier researches, intro- 
duces a translation of Guyot’s account of the banded structure, but cuts it short 
at the words ‘‘ opposite sides of a transverse valley,” leaving off the explanatory 
remarks which follow. 

Tyndall, in his “ Forms of Water” (1872, p. 183) gives Guyot credit for priority, - 
and he cites, both in this work and in his earlier ‘‘ Glaciers of the Alps” (1856), 
a translation of Guyot’s account, ending it a sentence short of Desor’s citation, 
with the words ‘certain calcareous slates,” in place of Guyot’s ‘certain schistose 
limestones ;” and, on page 187 of ‘‘The Forms of Water,” not knowing all of 
Guyot’s explanations, he does him more than credit (admitting Tyndall’s view 
to be established) in saying that he “ threw out an exceedingly sagacious hint when 
he compared the veined structure to the cleavage of slate rocks :” for the comparison 
in Guyot’s paper implies rather true stratification from deposition. The first detailed 
comparison of the ‘‘ blue bands” to slaty cleavage, in structure, position and origin, 
appears to have been made by Professor Henry D. Rogers. at the Cambridge meeting 
of the American Association in 1849 (Proc. Am. Assoc., ii, 181). But Rogers attrib- 
uted the structure in both to conditions of temperature, and not, like Tyndall, to 
pressure. 
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him ; and so his paper, excepting the paragraphs on the “blue 
bands,” remained buried until after Agassiz’s decease. 

At Neuchétel—Professor in the Academy, 1839-1848.-—In 
1839, at the age of thirty-two, Guyot left Paris and returned to 
his native town. He at once became an active member of the 
Society of the Natural Sciences (which had been initiated by 
Agassiz in 1832), and was made, by the Society, one of a com- 
mittee—including also M. A. Osterwald and H. Ladame—for 
the organization ofa system of meteorological observations in 
Switzerland and the selection of the best instruments for the 
purpose. On the establishment of the “Academy” at Neu- 
chatel for the purpose of furnishing a university education to 
the graduates of the college or gymnasium, he was appointed to 
the chair of History and Physical Geography, and became a 
colleague of Agassiz. He hesitated about taking charge of the 
department of History, as it had not been one “of his special 
lines of study; but once committed to it, he plunged into the 
subject with great earnestness. He says, he groped on among — 
the details for two years before he began to distinguish its 
grand periods; and the light as it broke in upon him caused 
so intense excitement that he was made ill. 

Instruction was a great pleasure to him, because of his deep 
interest both in his subject and in his pupils. His two de- 
partments called out from him thirteen general and special 
courses of lectures. With regard to the lectures, Mr. Faure 
says: ‘‘ From the first, in spite of his apprehensions, he capti- 
vated his audience by his easy, elegant, sympathetic words, by 
the breadth of his views, and the abundance and happy ar- 
rangement of his facts. He had each winter afterward the 
pleasure of seeing men of cultivation of all classes in Neuchatel 
pressing into the large hall of the college and listening to him 
with riveted attention.” His pupil adds: “ What zeal he in- 
spired! What ardor for work! The fire with which he was 
filled passed to us. He was more than a professor; he was a 
devoted friend, a wise counsellor, associating himself with us 
and encouraging us in our work.” 

Guyot, besides lecturing and instructing, did all he could of 
outside work: meteorological, barometric, hydrographic, oro- 
graphic and glacialistic. The hydrographic work was the care- 
ful sounding of Lake Neuchatel (in all 1100 soundings) as the 
commencement of a study of the annual variation in the tem- 
perature of the waters of the Swiss lakes. His chief research— 
that on the distribution of the bowlders or erratics over Switzer- 
land, occupied him ‘‘single-handed, seven laborious summers, 
from 1840 to 1847,” he allowing himself, only ‘“‘at the end of 
his working season, the pleasure of a visit of a few days to the 
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lively band of friends established on the glacier of the Aar, in 
order to learn the results of their doings and communicate his 
own to them.”* 

Switzerland in the ice-period was his subject; and the 
sources of the bowlders and the courses of ice-transportation 
were the chief enquiries. The investigation involved excur- 
sions on foot and careful examination over the whole range of 
the Swiss Alps, the slopes into Italy, the plains of Switzerland, 
and the mountains on the northern and western borders, in- 
cluding the Juras—in all an area of 190 by 310 miles—in order 
to trace the erratics to their high sources among the snowy sum- 
mits, examine the rocks of all peaks, ridges and valleys for 
comparison with those of the erratics, measure the heights along 
the lines and limits of the erratics from plain to mountain peak, 
and note all glacial markings. The task was accomplished 
with the greatest possible fidelity ; thousands of barometric 
measurements were made in the course of it, and from 5000 to 
6000 specimens were gathered in duplicate. 

Thus, says Guyot: 

Eight erratic basins were recognized on the northern slope of 
the Alps—those of the Isére, the Arve, Rhone, Aar, Reuss, Lim- 
mat, Sentis, and Rhine; and four on the southern slope—that of 
the Adda including Lake Como, of Lugano, of Ticino including 
L. Maggiore, and that of the Val d’Aosta. Moreover a question 
left hitherto untouched—the distribution in each basin of the 
rocks special to it, was minutely examined, and the final results of 
all the laws observed in the arrangement of the erratic fragments 
were shown to be identical with the laws of the moraines, This 
identity, and the absolute continuity of the erratic phenomena 
from the heart of the Alps down the valleys and beyond to the 
Jura left no alternative but to admit the ancient existence of 
mighty glaciers as vast as the erratic regions themselves, having 
a thickness of over 2000 feet. 

Brief notes on his work were published in the Bulletin of 
the Neuchatel Society of the Natural Sciences, for November, 
1848, May and December, 1845, and January, 1847,+ he 
reserving the complete report for the second volume of Agassiz’s 
great work on glaciers. But, unfortunately, after the first 
volume by Agassiz appeared at Paris, in 1847, there came the 
revolution of 1848, which put an end to their plans. 

The study of the geological structure of the Jura Mountains, 
in which he worked out the system in the flexures of the 
strata and proved that it must have been produced by lateral 
pressure, was another of Guyot’s labors soon after his return to 

* Memoir of Agassiz, page 39. 
+ The facts are well presented also, though briefly, in the second volume of 

D’Archiac’s Histoire des Progrés de la Géologie, pp. 259-265. 
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Neuchatel, although not reported on until 1849, at the Cam- 
bridge meeting of the American Association.* 

Guyot had been teaching at Neuchatel nine years when, 
suddenly, the ‘‘ Academy” was suppressed by the Grand revolu- 
tionary Council at Geneva of 1848. The 13th of June brought 
the tidings; and on the 30th, the end came “ without any in- 
demnity to the Professors.” Letters from Agassiz urged Guyot 
to come to America. Though reluctant to take the step 
because of the many ties of friendship and association that 
bound him to Switzerland, and especially on account of the 
family under his charge (consisting of his mother, then 70 years 
old, and two sisters), which he should have to leave behind, he 
had the decision of his mother, after her careful reading of 
Agassiz’s letter, in favor of it; and in the following August he 
left friends, home, and Hurope. 

Art. XXXIV.—On the Determination of Fossil Dicotyledonous 
Leaves ; by Lester F. WARD. 

FRAIL as mere leaves would seem to be as objects to be pre- 
served in the rocks of the earth’s crust, observation shows that 
of all organs of vegetation they are the most numerous in the 
plant-bearing beds of recent formations. The fact being known 
the explanation is easy. The two chief conditions to preser- 
vation are firmness of consistency and rapidity of deposition. 
A large or thick body is longer in being covered up and in 
order to escape decay before burial it must have firmness and 
durability of structure proportionate to the time required. 
Hence it is that fruits and twigs of any considerable thickness 
are rarely found except in such formations as bear evidence of 
having been suddenly or rapidly deposited, like travertines, 
tufa-beds, ete. In beds of slow formation as a rule only leaves 
are found. Those that give proofs of having been evergreen 
are most numerous because of the firmer consistency of ever- 
green leaves. But deciduous leaves also occur, partly perhaps 
because the chances are increased by the greater number that 
annually fall, and partly because thinner and more quickly 
covered. We thus have, in many parts of the world, large de- 
posits of dicotyledonous leaves ranging from the Cenomanian 
to the Quaternary, in which no other organs are preserved. 

The great importance, therefore, of finding some characters 
in these leaves which can be depended upon to reveal their 
relationships becomes obvious, and this was early perceived. 

* Proc. Amer. Assoc., li, 115. 
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It being evident that the mere form or outline of leaves does 
not furnish the characters required these were sought in the 
disposition of the fibro-vascular bundles commonly called the 
nervation. A. P. DeCandolle in 1827 had classified leaves 
according to their nervation as an important fact or in vegetable 
organography, but vegetable paleontologists had not yet made 
use of nervation for the identification of fossil leaf-prints. 
These were all grouped together by Sternberg under his name 
of Phyllites and his successors had been content to follow in his 
footsteps. 

In 1838 Dr. G. Bianconi published an important paper on 
this subject in the Nuovi Annali delle Scienze naturali of Bo- 
logna (Ann. I, tom. 1, p. 343) in which he made a direct appli- 
cation of the nervation to the study of fossil leaves. 

Two years later Rossmissler’s ‘‘ Versteinerungen des Braun- 
kohlensandsteins aus der Gegend von Altsattel in Bohmen ” 
appeared, in which a large number of such leaves are very 
carefully figured. Rossmiassler suggested, but did not adopt, 
the plan of calling such plants by generic names composed of 
the name of the genus of living plants presumed to be nearest 
related, with the old word phyllites appended as a termination, 
for example, Daphnophyllites for leaves resembling Daphne, ete. 
“In this way,” he says, ‘‘all possible repetition of a name 
already in use would be avoided, we should recognize the name 
as belonging to the ancient world, and they would announce 
themselves as the names of leaf-genera.” 

Brongniart (Prodrome, p. 209) had set the example of call- 
ing some of these leaf impressions by the names of living gen- 
era, and this was followed to some extent by Dr. Alexander 
Braun in determining the well-preserved specimens from the 
Oeningen beds, and more extensively by Dr. Franz Unger in 
studying those of Radoboj, Parschlug and Bilin. In January, 
1852, Leopold von Buch submitted to the Royal Academy of 
Sciences at Berlin (Monatsbericht, 1852, p. 42) an important 
paper on the nerves of leaves and the laws of their distribution, 
which may have furnished the impetus for Baron von Mttings- 
hausen’s extensive and fertile researches in this line which be- 
gan to be published in 1854, and in the prosecution of which 
he has availed himself so successfully of the art of nature- 
printing, or physiotypy. ‘These researches and their constant 
application to the identification of fossil plants are too well 
known to require mention here, as are also those of the late 
Dr. Oswald Heer in making known the fossil floras of Switzer- 
land and the arctic regions. 

These investigators and their able contemporaries, Saporta, 
Lesquereux, Hngelhart and others have described a vast num- 
ber of species from leaves alone and referred them to living 
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genera. In many cases they have done this for Hocene, and 
even for Cretaceous fossils, where the form and nervation 
seemed to justify it. In Heer’s arctic work this was sometimes 
done from incomplete fragments, and there are cases in which 
this has been afterward confirmed by the discovery of more 
complete material. 

But carefully as the laws of nervation have been worked out 
and laid down in systems, there is no one who does not feel 
that we are indebted more to the extraordinary skill and pene- 
tration of the authors of these systems in reaching correct con- 
clusions through their intuitive perceptions than we are to any 
power which such rules unaided by such perceptions can give 
to reach reliable results. Moreover, the investigator who above 
all others possessed this intuitive instinct, Professor Oswald 
Heer, is no longer in the field, others who so successfully 
labored with him have reached an advanced age and must ere 
long cease their labors, while younger men are springing up in 
many lands to take up and continue a work which seems as 
yet to have been only just begun. 

In such a field, from which if properly cultivated such rich 
harvests may be expected for science, which yet depends so 
largely upon the personal qualities of the investigator, it be- 
comes of the utmost importance that sound and safe methods 
be adopted, and that if any unsound or unsafe methods have 
been employed, as it may well be expected that there have 
been during the early history of the science, they be revised or 
rejected and new and better ones introduced. 

It is doubtless with a keen sense of this truth that Dr. A. G. 
Nathorst of Stockholm, upon whom Heer’s mantle seems to 
have fallen, at least so far as the arctic fossil floras are con- 
cerned, in a very recent paper in the ‘ Botanisches Central- 
blatt” (Band xxvi, 1886) lifts up a warning voice. It is not 
the first time that he has called a halt in the too rapid and con- 
fident march of paleontology. The great commotion which he 
so recently produced in the Silurian waters has as yet scarcely 
ceased, and this paper seems likely to create an almost equal 
disturbance in those of the Cretaceous and Tertiary. 

Dr. Nathorst considers that in referring fossil leaves, where 
other organs are not known, to living genera vegetable paleon- 
tologists are in danger of claiming too much, and that the older 
the formation in which they are found the greater this danger 
is. He thinks that for Cretaceous species, such as those from 
the Cenomanian beds of Greenland and of Bohemia and from 
the Dakota group of the United States, such reference is 
wholly unjustifiable ; and even for Hocene and Miocene plants 
he says that the material must be abundant and in an excel- 
lent state of preservation to warrant this course. He believes 
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that Heer and others have gone much too far in this direction, 
and he points especially to recent “determinations” by Ettings- 
hausen of specimens from Australia (Denkschr. Wien. Akad. » 
Bd. xlvii) and pronounces them worthless. And in this latter 
case, when we remember what important deductions relative to 
the character and distribution of the Tertiary flora are based 
upon these identifications in the same paper in which they are 
figured, we can scarcely complain that this criticism is too 
severe. 

The remedy proposed by Dr. Nathorst for this state of things 
is the adoption of a new system of nomenclature. He lays 
down the rule that the generic name of a fossil leaf should in- 
dicate just what we know about it and neither more nor less. 
To call such leaves by the names of living genera is to say 
more about them than we know. ‘To obviate this he proposes 
to employ composite names consisting of the name of the nearest 
living genus with the suffix phyllum, the first component of 
which will indicate the supposed relationship while the last will 
denote that the genus is founded on leaves only. 

In addition to this Dr. Nathorst makes three other important 
recommendations, to which, however, very little objection will 
probably be raised. The first is that where leaf-impressions, 
apparently belonging to the same species, though differing 
slightly, are found in widely separated localities, the trinomial 
system be employed but without the abbreviation var., which, 
as he justly remarks, implies that the one is a variety of the 
other, a statement which we have no right to make. 

The second is that in all cases the types be carefully and 
thoroughly figured, so that even those who cannot see the orig- 
inal, can form a correct idea of their nature. To this end the 
surface and consistency of the leaf should be represented as 
accurately as possible, and the nervation should be shown even 
to the finest meshes, at least on some small part of the leaf, to 

indicate its true character. Mere contour lines are wholly i in- 
adequate for the determination of fossil leaves. 

The third of these recommendations is that unless the speci- 
mens show good characters which admit of delineation and 
description they be regarded as indeterminable and no attempt 
be made to treat them as genera and species until better mate: 
rial is obtained. 

Dr. Nathorst’s paper concludes with an appeal to his co- 
laborers in phytopaleontology to unite with him in securing 
the adoption of these standards. 

In seriously considering these demands it is necessary to re- 
member that we have a certain state of things to deal with 
which is the product of a slow growth. Those who will most 
readily admit that the system of nomenclature proposed is 
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theoretically far superior to the one we already have must 
nevertheless see that the attempt, in the existing condition of 
things, to supplant the latter by the former, or even to engraft 
the former on the latter, will be attended by grave practical 
difficulties. Dr. Nathorst speaks as though he had only refer- 
ence to the future—to genera yet to be discovered and created. 
But it does not seem possible thus to limit it. There are now 
hundreds, probably a thousand, species referred to living genera 
which his rules would exclude. Are these to be left as they 
are ? If this is attempted and the new method applied to sub- 
sequent species it will at once be found that species undoubt- 
edly belonging to the same genus will be classed under two 
genera. We shall have Fagus and Fagiphyllum, Quereus and 
Querciphyllum, Salix and Saliciphyllum performing one and 
the same rédle in two parallel series. It is therefore clear that 
if the change is introduced at all it must be made retrospective. 
This, however, cannot properly be done except by the previous 
preparation of a systematic work in which all the cases shall 
be collected and unified. Under the present system of inde- 
pendent monographing of special floras unlimited confusion 
must result from any attempt to apply these new rules of nam- 
ing. But the nomenclature of paleobotany is already in a be- 
wildering state. Only to-day I met with a case in which no 
less than five different plants have been described under the 
same name (Odontopteris neuropteroides), two of these by one 
author from the same State, and the Mesozoic and Cenozoic 
species are only less confounded than the Paleozoic, so that it 
certainly is ample time that some all-embracing scheme of sys- 
temization were adopted. Butas regards the plan proposed by 
Nathorst, which, it will be observed, differs but slightly in form 
and still less in principle from that suggested by Rossmiassler in 
1840, it is evident that before any steps can be taken looking 
to its introduction paleobotanists must know better how it is 
to be applied to the existing state of the science and what is to 
be done with the species already referred, however improperly, 
to living genera. 

The chief objection that lies against Phyllites is that instead 
of denoting a natural genus it includes a great number of 
wholly unrelated genera. The use of the suffix Phyllum might 
often be open to the same objection. ‘Two generically distinct 
forms might both resemble a living genus but manifest their 
deviation from it in precisely opposite directions. We should 
then have two clearly distinct genera bearing the same generic 
name. 

The principle of creating extinct genera, the names of which 
connote their relationships with living ones has long been rec- 
ognized by the use of the terminations ‘tes, ovdes, opsis, etc., 
and some of these are founded on leaf specimens. Such would 
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require the substitution for these terminations of the new one 
phyllum. This would complicate matters, for many ‘such 
genera have already been changed, and not a few are still in 
dispute, some authors treating them as identical with living 
genera. Schimper undertook to change all names in ‘es to 2des, 
from considerations of etymological exactness, but he found 
such a trifling change as this so difficult that he abandoned it 
after the first volume, and in at least one case even then it had 
led to the introduction and separate description of the same 
genus twice (Paléontologie Végétale, vol. i, p. 579, Danzites, 
Gopp., p. 616, Danzeides, Sch.). I mention these points in no 
spirit of cavil, but merely to illustrate with what practical diffi- 
culties any change in nomenclature is necessarily attended. 

With at least one of the minor suggestions of this highly 
suggestive paper I think I can say without further reflection, 
and from my personal experience with the cases involved, that - 
I do not agree. The writer correctly perceives that in many 
eases where the material according to his strict canons is inde- 
terminable it may still be important to figure what we have in 
order to secure more general study and comparison, and he 
also, as I think, justly condemns the reference of all such 
eases to the meaningless (‘‘ nichtssagende”’) genus Phyliites, but I 
cannot go with him to the further length of recommending that 
these objects after having been described and figured be left 
entirely without names. We have thousands of such cases 
now and they are becoming very troublesome in the literature 
of the science. Names are useful however intrinsically mean- 
ingless, in enabling us to refer to the objects named and to find 
them when we want them; and anything that is worth figuring 
is worth naming. I would therefore treat such cases like the 
rest, and make provisional genera for them according to the 
same rules by which they are made for hetter preserved mate- 
rial. In practice there will be found to be no clear line of 
demarcation between determinable and indeterminable material, 
but a broad belt will exist over which it will be the one or the 
other according to the views of different investigators. And if 
it be said that these genera will mostly have to be abandoned, 
thus encumbering the books, the reply is that the path of this, 
as of every other branch of paleontology, is strewn with 
abandoned names which all served a useful purpose in their day. 
Moreover, what Dr. Nathorst has the courage to say relative to 
species, viz: that notwithstanding the popular opposition ta 
multiplying species, the union of two impressions which de 
not belong together works more mischief than the separation 
of two that do belong together, will apply to genera as well as 
to species, and the dropping out of these provisional genera as 
their true affinities are ascertained will be attended with com- 
paratively slight disturbance. 
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ART, XXXV.—Pseudomorphs of Limonite after Pyrite; by 
Erastus G. SMITH. 

THE common hydrated oxides of iron generally referred to 
limonite are undoubtedly alteration products of ferrous ox- 
ide, or decomposition products of other iron-bearing min- 
erals. Their secondary nature is clearly demonstrable in 
the various occurrences where crystalline form is yet retained, 
giving clearly defined pseudomorphs of ferric hydrate after the 
original mineral. Numerous occurrences of such pseudomorphs 
after various minerals are recorded. 

The writer’s attention has been called recently to such an 
_alteration of pyrite into ferric hydrate, which is of special inter- 
est, as the crystalline form of the pyrite is sharply defined. A 
large number of the crystals were obtained—the largest cube 
being about one-fourth inch on aside. The color varies from 
a pale yellow to a dark brown, and in the largest nodule exam- 
ined the exterior exhibited the peculiar glossy appearance ~ 
commonly observed on limonite. The crystals occur through 
the lower layers of the upper Buff division of the Trenton 
limestone at Carpenter's Quarry, near Beloit, and partially line 
cavities distributed through the layers, the remaining space 
being in part filled with a finely granular calcareous sand. 
The limestone of these layers contains 2:23-1:42 per cent of 
mixed Al,O,+Fe,O,.* All stages of metamorphism are repre- 
sented, repeated qualitative examination of smaller crystals giv- 
ing no reaction for sulphur, while some of the larger ones retain 
a kernel of the bright yellow, but slightly altered, original 
pyrite. The simple cube (7-2) is the most common form, though 
traces of a pyritohedron were observed in some instances. 

The following analysis is of a nodule weighing 26 grams. 
The exterior shows numbers of imperfect cubes, and the speci- 
men is evidently merely a larger aggregate of the altered pyrite. 
Its sp. gr. = 8°45 (temp. 14° C.). (Limonite = 3°6-4; pyrite 
4°82-5:2 Dana). 

He I. 

NUTea aks oie Se ey 06°25 per cent. 
Sulphur (SS) ssce ss eae 00°31 00°25 per cent. 
Ferrous oxide (FeO)----- 00°91 
Ferric oxide (Fe,O,) ----- 80°21 
Calcium oxide (CaO) ---- - 09°04 
Magnesium oxide (MgO) - 00°40 
Loss on ignition__-.----- 11°72 

99°84 

® Geol. Wisconsin, vol. ii, p. 298. 

an 
a 
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The metamorphism is therefore quite complete. On boiling 
the powdered mineral with sulphuric acid and oxidizing with 
potassium permanganate an amount of the standard solution . 
was required corresponding to 0°91 per cent FeO as given. 
The ratio of FeO to S is very nearly 1:1. The traces of CaO 
and MgO are probably foreign. If the silica is combined with 
a part of the iron in the form of a silicate as usually considered, 
the water and the remaining ferric oxide are in approximately 
the ratio represented by the formula assigned to limonite, 14°4 
per cent H,O, 85°6 per cent Fe,O,. Kobell* gives an analysis 
of a similar pseudomorph from Minden, SiO, 4:50, H,O 13:26, 
Fe,O, 82:24 = 100-00 per cent. The loss on ignition, as deter- 
mined in three different samples, gave 11°72, 11°90 and 11:15 
per cent respectively. The last determination was of the 
powder from several small quite perfectly developed crystals. 

Beloit College Chemical Laboratory, Beloit, Wisconsin, March, 1886. 

Art. XXXVI.—Injfluence of Motion of the Medium on the 
Velocity of Inght; by ALBERT A. MICHELSON and EDWARD 
W. Mor.uey.t 

THE only work of any consequence, on the influence upon 
the velocity of light of the motion of the medium. through 
which it passes, is the experiment of Fizeau. He announced the 
remarkable result that the increment of velocity which the light 
experienced was not equal to the velocity of the medium, but 
was a fraction « of this velocity which depended on the index 
of refraction of the medium. This result was previously ob- 
tained theoretically by Fresnel, but most satisfactorily demon- 
strated by Hisenlohr,t as follows: 

Consider the prism AC in motion relatively to the ether in 
direction AB with velocity #6. Suppose the density of the ex- 
ternal ether to be 1 and of the ether within the prism, 1+42. 
Tn the time dé the prism will advance a distance @dt=BB, At 

* J. pr. Ch., 1:°319 (Rammelsberg, Mineral Chemie, 185). 
+ This research was carried on by the aid of the Bache Fund. 
t Verdet. Conferences de Physique, ii, 687. 
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the beginning of this time the quantity of ether in the volume 
BC, (if S=surface of the base of the prism,) is Sédé At the 
end of the time the quantity will be S@d#1+4). Hence in this 
time a quantity of ether has been introduced into this volume 
equal to Sédtd. 

It is required to find what must be the velocity of the ether 
contained in the prism to give the same result. Let this veloc- 
ity be xf. The quantity of ether (density=1+4) introduced 
will then be Sa@dé(1+4) and this is to be the same as Sédid, 

whence eremneT oy . But the ratio of the velocity of light in the 

external ether to that within the prism is n, the index of refrac- 
tion, and is equal to the inverse ratio of the square root of the 

: v—l 

2 
which is Fresnel’s 

Oo — 7 
densities, or n= V1+4 whence x= 

formula.* 

* The following reasoning leads to nearly the same result; and though incom- 
plete, may not be without interest, as it also gives a very simple explanation of — 
the constancy of the specific refraction. 
Let / be the mean distance light travels between two successive encounters 

with a molecule; then / is also the ‘‘mean free path” of the molecule. The time 
a Ne ; : : ab : ip : 

occupied in traversing this path is t=—+—, where a is the diameter of a 
Vv Vv 

molecule, and 6==/—a, and v, is the velocity of light within the molecule, and 2, 
mae 2 a+b : 

the velocity.in the free ether; or if p= then —— In the ether the time 
@ 

b t b 
would be po it , hence pe (1) 

Lt a+b 

If now the ether remains fixed while the molecules are in motion, the mean 
distance traversed between encounters will no longer be a+b, buta+a+b+ 6; 
where a is the distance the first molecule moves while light is passing through it, 
and @ is the distance the second one moves while light is moving between the 

two. If@is the common velocity of the molecules then t= a, and B= le b. 
cA 

b ! é 
The time occupied 1s therefore a = mao OF = + CR The distance traversed in 

ana es GeO ; H : a+b 8 
this time is a+6+ (— +——, )@; therefore the resulting velocity v= — ape aie 

vy v—O [a 

vy v—O 

b ; : Cinae 
Substituting the value of n= — and neglecting the higher powers of it this 

a 

v Ve ) 
esi! Lash Nast RSecual A)G) 2 becomes v= + é FA ay, (2) 

But — is the velocity of light in the stationary medium; the coefficient of 0 
n ; 

eae We 
eilcal y 3 

n* ano (3) 

It seems probable that this expression is more exact than Fresnel’s; for when 
the particles of the moving medium are in actual contact, then the light must be 

is therefore the factor t= 

n?—1 
accelerated by the full value of 6; that is the factor must be 1, whereas pe 

—, a 
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Fresnel’s statement amounts then to saying that the ether 
within a moving body remains stationary with the exception 
of the portions which are condensed around the particles. If 
this condensed atmosphere be insisted upon, every particle 
with its atmosphere may be regarded as a single body, and 
then the statement is, simply, that the ether is entirely unaf- 
fected by the motion of the matter which it permeates. 

It will be recalled that Fizeau* divided a pencil of light, 
issuing from a slit placed in the focus of a lens, into two par- 
allel beams. These passed through two parallel tubes and then 
fell upon a second lens and were re-united at its focus where 
they fell upon a plane mirror. Here the rays crossed and were 
returned each through the other tube, and would again be 
brought to a focus by the first lens, on the slit, but for a plane 
parallel glass which reflected part of the light to a point where 
it could be examined by a lens. 

. At this point vertical interference fringes would be formed, 
the bright central fringe corresponding to equal paths. If now 
the medium is put in motion in opposite directions in the two 
tubes, and the velocity of light is affected by this motion, the 
two pencils will be affected in opposite ways, one being retarded 
and the other accelerated; hence the central fringe would be 
displaced and a simple calculation would show whether this 
displacement corresponds with the acceleration required by 
theory or not. 

Notwithstanding the ingenuity displayed in this remarkable 
contrivance, which is apparently so admirably adopted for 
eliminating accidental displacement of the fringes by extraneous 
causes, there seems to bea general doubt concerning the results 
obtained, or at any rate the interpretation of these results given 
by Fizeau. 
never be 1. The above expression, however gives this result when the particles 

: nW—1 1 
are in contact—for then 6=0 and z=—,—+ ==. 

n n 
Resuming equation (1) and putting a+0=/ we find (n—1)l=(u—1)a. But for 

the same substance and @ are probably constant or nearly so; hence (n—1)l 
is constant. 

But Clausius has shown that l=k-—~a, where « is a constant, o the density of 

the molecule; p, that of the substance; and a, the diameter of the ‘‘sphere 
of action.” o and @ are probably nearly constant, hence we have finally 
nm—1 

=constant. 

Curiously enough, there seems to be a tendency towards constancy in the 
product (n—1)l for different substances. In the case of 25 gases and vapors 
whose index of refraction and ‘‘free path” are both known, the average differ- 
ence from the mean value of (n—1)/ was less than 20 per cent. though the factors 
varied in the proportion of one to thirteen; and if from this list the last nine 
vapors (about which there is some uncertainty) are excluded, the average differ- 
ence is reduced to 10 per cent. 

* Ann. de Ch. et de Ph., III, lvii, p. 385, 1859. 
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This, together with the fundamental importance of the work 
must be our excuse for its repetition. It may be mentioned 
that we have tried to obtain formulated objections to these 
experiments but without success. ‘The following are the only 
points which have occurred to us as being susceptible of im- 
provement. 

lst. The elimination of accidental displacement of the fringes 
by deformation of the glass ends of the tubes, or unsymmetri- 
cal variations of density of the liquid, ete, depends on the 
assumption that the two pencils have traveled over identical 
(not merely equivalent) paths. That this is not the case was 
proven by experiment; for when a piece of plate glass was 
placed in front of one of the pencils and slightly inclined, the 
fringes were displaced. 

2d. The arrangement for producing the motion of the medium 
necessitated very rapid observation—for the maximum velocity 
lasted but an instant. 

3d. The tubes being of necessity of small diameter and only 
their central portion being available (since the velocity dimin- 

_ishes rapidly toward the walls) involved considerable loss of 
light—which, having to pass throngh a slit was already faint. 

4th. The maximum velocity (in the center of the tube) 
should be found in terms of the mean velocity. (Hizeau con- 
fessedly but guesses at this ratio.) 

These are the suggestions which determined the form of 
apparatus adopted, a description of which follows: 

The Refractometer—After a number of trials, the following 
form was devised and proved very satisfactory. Light from a 
source at a (fig. 5) falls on a half silvered surface 0, where it 
divides; one part following the path bcdefbg and the other 
the path bfedcbg. This arrangement has the following advan- 
tages: 1st, it permits the use of an extended source of light, as 
a gas flame; 2d, it allows any distance between the tubes 
which may be desired ; 3d, it was tried by a preliminary ex- 
periment, by placing an inclined plate of glass at h. The only 
effect was either to alter the width of the fringes, or to alter 
their inclination; but in no case was the center of the central white 
fringe affected. Even holding a lighted match in the path had 
no effect on this point. 

The tubes containing the fluid were of brass, 28™™ internal 
diameter ; and, in the first series of experiments, a little over 
3 meters in*length, and in the second series, a little more than 
6 meters. The ends of these tubes were closed with plane 
parallel plates of glass which were not exactly at right angles 
but slightly inclined so as to reflect the light below the teles- 
cope, which would otherwise be superposed on that which 
passed through the tubes. The tubes were mounted on a 
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wooden support entirely disconnected from the refractometer 
which was mounted on brick piers. 

EXPLANATION OF FIGURES. 

Fic. 1,—Vertical section through tubes. Fie. 2.—Plan of tubes. Fig. 3.— 
One end of tubes, showing glass plate inclined to axis. Fic. 4.—Gauge for ve- 
locity at different points. Fie. 5.—Plan of refractometer. 

The flow of water was obtained by filling a tank four feet in 
diameter and three feet high, placed in the attic, about 23 
meters above the apparatus, with which it was connected by a 
three inch pipe. The latter branched into two parts, and each 
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branch again into two; the two pairs being joined each to one 
of the tubes. The branches were provided with large valves, 
by turning which the current was made to flow in either direc- 
tion through the tubes and into a large tank, from which it 
was afterward pumped up to the upper tank again. ‘The flow 
lasted about three minutes, which gave time for a number of 
observations, with the flow in alternating directions. 

Method of observation.—In the first series of observations a 
single wire micrometer was used in the eyepiece of the observ- 
ing telescope, but afterward a double wire micrometer was 
employed. ‘The tubes being filled with distilled water, the 
light from an electric lamp was directed toward the central 
glass of the refractometer and the latter adjusted by screws till 
the light passed centrally down both tubes, and then the right 
angled prism at the further end adjusted till the light returned 
and was reflected into the telescope, where generally two im- 
ages were observed. These were made to coincide, and the 
fringes at once appeared. They could then be altered in width 
or direction by the screws, till the best result was obtained. 
A slight motion of one of the mirrors produced an inclination 
of the fringes, and the horizontal wire of the micrometer was 
placed at the portion of the fringes which remained fixed, notwith- 
standing the movement of the mirror. This adjustment was 
frequently verified, and as long as it was true, no motion of - 
the tubes or distortion of the glasses could have any effect on 
the measurements. During this adjustment it was found con- 
venient to have a slow current of water, to avoid distortions on 
account of unequal density. 

The signal being given the current was turned on, and the 
micrometer lines set, one on each of the two dark bands on 
either side of the central bright fringe, and the readings noted. 
The difference between them gave the width of the fringe, and 
their mean, the position of the center of the central white fringe. 
This being verified the signal was given to reverse the current ; 
when the fringes were displaced, and the same measurements 
taken; and this was continued till the water was all out of the 
upper tank. Following is a specimen of one such set of ob- 
servations. 

No. 63 
Direction of current, a0 — 
Micrometer wire, l. if . vip 

11 34 80 93 

13 35 71 88 

10 40 73 90 
13 38 67 92 

14 40 65 89 

10 35 61 94 

Permits sa ee Cee ty Sao 11°8 37°0 69°5 91:0 

4 7a, 
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Riidthror fringes. 20 Sav ik\s 48°8 60°5 
Mean iwidthie 2 2.8 nee 54°6 + (3:0 =index error) 
Displacement) 2/4002 Gua Sen 46°0 
Mean displacement -_----- 51°8 

Yin 99 
57°6 

(Long tube, vertical fringes, full current.) 

Velocity of water.—The velocity of the water in the tubes 
was found by noting the time required to fill a measured 
volume in the tank, and multiplying by the ratio of areas of 
tank and tube. This gave the mean velocity. In order to 
find from this the maximum velocity in the axis of the tube 
the curve of velocities for different radi had to be determined. 
This was done as follows: a tight fitting piston ad (fig. 4) con- 
taining two small tubes #, ¢, ¢, was introduced into the tube 
containing the water. The ends of the tubes were bent at 
right angles in opposite ways, so that when the water was in 
motion the pressure would be greater in one than in the other. 
The other ends of the small tubes were connected to a U tube 
containing mercury, the difference in level of which measured 
the pressure. The pressures were transformed into velocities 
by measuring the velocity corresponding to a number of pres- 
sures. Following is the table of results :— 

Pressures, * Velocities. Vp 

26 393 Wael: 

108 804 alia 

190 1060 76°9 

240 1190 76°8 

It is seen from the approximate constancy of the last column 
that within limits of error of reading, the square roots of the 
readings of the pressure gauge are proportional to the velocities, 

To find the curve of velocities along a diameter of the tube, 
the piston was moved through measured distances, and the cor- 
responding pressures noted. The diameter of the tube was 
about 287", while that of the small tubes of the gauge was but 
g=™ so that the disturbance of the velocity by these latter was 
small except very close to the walls of the tube. The portion 
of the piston which projected into the tube was made as thin as 
possible, but its effect was quite noticeable in altering the 
symmetry of the curve. 

In all, five sets of observations were taken, each with a 
different current. These being reduced to a common velocity 
all gave very concordant results, the mean being as follows: 
«x=distance from the axis in terms of radius; v=correspond- 
ing velocity in terms of the maximum. 
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x. Uv 

0°00 1:000 
°20 993 
40 ‘974 
60 *929 

°80 847 
"90 ‘761 
95 “671 

1:00 "000 

The curve constructed with these numbers coincides almost 
perfectly with the curve 

165. 

v=(1—2’) 

ela a 
The total flow is therefore anf (12) cde = The area 

7 
: 1-165" 

of the tube being z, the mean velocity = 77,5 of the maxi- 
mum; or the maximum velocity is 1°165 times the mean. 
This, then, is the number by which the velocity, found by 
timing the flow, must be multiplied to give the actual velocity 
in the axis of the tube. 

Formula. 

Let / be the length of the part of the liquid column which is in 
motion. ; 

u = velocity of light in the stationary liquid. 
v = velocity of light in vacuo. 
6 = velocity of the liquid in the axis of tube. 

6x = acceleration of the light. 

The difference in the time required for the two pencils of 
1 1 21x 

u—Oxe ude  U 
very nearly. If 4 is the double distance traveled in this time 
in air, in terms of A, the wave-length, then 

light to pass through the liquid will be 

416n7?a 7) 
JA Tp whence «= U6 Ale 

A was taken as ‘00057 cm. 
= 30000000000 cm. 

i 1°78. 

The length 7 was obtained as follows: The stream entered 
each tube by two tubes a, 0 (figs. 1, 2) and left by two similar 
ones d,c. The beginning of the column was taken as the in- 
tersection, 0, of the axes of a and 6, and the end, as the inter- 
section, 0’, of the axes of d and c. Thus /=oo’. J is found 
by observing the displacement of the fringes; since a displace- 
ment of one whole fringe corresponds to a difference of path of 
one whole wave-length. 

yr 

y 

¥ 
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Observations of the double displacement A. 

Ist Series. /=3°022 meters. 
6 = 8°72 meters per second. 

A = double displacement; w= weight of observation. 

A, W. A. Ww. A. Ww. A. Ww. 

.o10 Wey) = yall 0-9 529 06 bay) a5 

508 1°6 *515 9 “AT 4. 2°0 “25 WeH 
504 il “HTD 6 508 1:4 “480 ‘8 
“473 1:4 538 ak Doll 8 “493 10°6 
By Dl “4. HTT 6 500 B) *348 2°8 

425 6 464 17 ‘478 6 +399 byt 
“560 2:8 “B15 1e2 “499 1:0 482 Qe 
544. it -460 “4. 558 “4, ‘472 2:0 
onl all 510 aD) “BOY 2°0 490 8 
Be) o1L *b04 of) “470 Qe 

2d) Series. J=6 151,06 = 65. 

A. WwW. A. WwW. A. WwW. A. WwW. 

“789 4:9 891 7 "909 1:0 "882 6°6 
TO B35) 883 2°5 *899 17 908 5:9 
"840 4:6 “852 111 °832 4:3 °965 2-0 
633 ie 863 Lbs) 837 ON ‘967 RR) 
“876 133 *843 ile} "848 1°9 
956 3°6 "820 3:4 “8TT 4G 

3d Series. (= 6:151, 0=5°67. 

A. W. A. Ww. A, Ww. A. Ww. 
"640 4-4 *626 V9 636 Bol “619 6°5 

Tf these results be reduced to what they would be if the tube 
were 10™ long and the velocity 1™ per second, they would be 
as follows: 

Series. A, 

1 °1858 

2 1838 

3 °1800 

The final weighted value of J for all observations is J= 1840. 
From this, by substitution in the formula, we get 

x = °434 with a possible error of 4°02. 
2 
— 1 

i aE == 1 7/. 

The experiment was also tried with air moving with a 
velocity of 25 meters per second. The displacement was about 
sty of a fringe; a quantity smaller than the probable error of 

2 

observation. The value calculated from — would be :0036. 

It is apparent that these results are the same for a long or 
short tube, or for great or moderate velocities. The result was 
also found to be unaffected by changing the azimuth of the 
fringes to 90°, 180° or 270°. It seems extremely improbable 
that this could be the case if there were any serious constant 
error due to distortions, etc. 

Am. Jour. Sc1.—TuHirpD SmeRiEs, VOL. XXXI, No. 185.—May, 1886. 
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The result of this work is therefore that the result announced 
by Fizeau is essentially correct; and that the luminiferous ether 
as entirely unaffected by the motion of the matter which wt permeates. 

ArT. XXX VII.—WNote on the Structure of Tempered Steel ; 
by C. Barus and V. STROUHAL. 

In view of the experiments on the structure of steel by Dr. 
Hennig * now in progress in Professor Kohlrausch’s laboratory, 
we avail ourselves of the permission of the Director of the 
Geological Survey and of the Hditors of this Journal, to insert 
a brief but typical example of our own results here. The 
complete paper will appear in Bulletin No. 35 of the Geological 
Survey, now in the hands of the Public Printer. 

The steel cylinder (length 6cm., diameter 3 cm., weight 332 g.) 
to which the data refer was quenched glass-hard in the ordi- 
nary way. The consecutive cylindrical shells were then re- 
moved by galvanic solution, and the necessary measurements 
made to determine the density of each. 

Let 4 be the density (0° C.) of the consecutive cores. Let 
R, &%, 6, be the mean radius, thickness and density, respectively, 
of the consecutive shells. Then if the nth core be left after the 
removal of 7 shells, the table gives the digest in question. 

Shell or 
core No. A, R. v. é. Remarks. 

0 7°8337 Ee ae Baie ae Before quenching. 
0 T1144 ad ue pete After quenching. 
1 T1134 1-49 0:02 7°807 
2 AUR 1:47 0°03 7-783 
3 T1742 1°43 0-03 7739 
4 TTT34 1:40 0:03 T7194 
5 T7750 eit 0°03 Wat33 
6 T1784 1533 0°05 {SUES 
7 17-7813 1°28 0°05 1°T43 
8 TT817 1-23 0°05 7776 
9 77841 1-19 0°03 7T°735 

10 77869 115 0°05 UL 
lJ 77894 1:10 0°05 7-762 
12 77919 1:05 0°05 7764 
13 77911 1:00 0°05 7800 
14 T1937 0°96 0:04 7-760 
15 TI9TS 0-92 0:04 7°745 
16 77999 0°88 0-04 T7176 
17 78017 0°84 0°04 T 781 
18 78013 0°80 0°05 7:865 Core perceptibly fileable. 
19 78027 0-15 0°05 1°792 
20 7-8009 0°69 0:07 7811 

— Warlington—Prague, April, 1886. 

* Wied. Ann., xxvii, 351, 1886. 
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ArT. XXXVIII.—Brookite from Magnet Cove, Arkansas ; by 
SAMUEL L. PENFIELD. 

FINDING in the collection of Professor Geo. J. Brush a very 
beautiful crystal of brookite from Magnet Cove, which differs 
very much in habit from the ordinary crystals which I have 
seen, I thought it would be of interest to give not only a de- 
scription of it, but also to figure and describe some of the forms 
which are common at the locality. The crystals are of the 
variety called Arkansite by C. U. Shepard,* and as far as I can 
learn very little has been written concerning them in our 
American journals. The common forms, corresponding to fig- 
ures 1 and 2 of this article have been figured and fully described 
by G. vom Rath,t together with the pseudomorphs of rutile 
after brookite which occur at the locality. My examination 
has been confined to cabinet specimens in the collection of Pro- 
fessor Geo. J. Brush and the Yale College cabinet, and nothing 
can be said concerning the geological relations of the mineral. 
The crystals are frequently loose or are attached to smoky 
or milky quartz; they vary in size up to 2° in diameter. 
Although usually possessing polished faces, there are vicinal 
faces occurring with both prisms and pyramids which make 
accurate measurements with the goniometer difficult. The 
best measurements agree closely with those given by N. von 
Kokscharow.t The observed forms are: 

Be OS) eat} a, 100, 7-2 
2 112, 4 m, 110, I 
x, 124, 4-2 iy Oils 

Of these forms, eis the most common, occurring frequently 
alone, usually, however, in combination with m. This latter 
combination is especially interesting when the prism is of such 
a size that it meets the four planes of the pyramid at the ex- 
tremity of the ) axis, forming there a solid angle of six faces; 
fig. 1. This combination is very common and appears like a 
doubly terminated hexagonal pyramid. The brachydiagonal 
pole edge of e is inclined 60° 42’ to the vertical axis, so that 
the projection of the six faces upon the brachypinacoid would 
be almost a perfect hexagon. Asa rule, the faces of the prism 
vary in lustre from the pyramid and the frequent truncation of 
the vertical edge of m by the macropinacoid a serves as a ready 
means of orientation. The next most frequently occurring 
pyramid is z, which usually occurs beveling the brachydiagonal 
pole edge of e; fig. 2, showing also the prism m, a very common 
combination. The brachydome ¢ is not socommon as the above 

* This Journal, IT, ii, 250. + Pogg. Ann., clviii, p. 407. 
¢ Materialien zur Mineralogie Russlands, i, 61. 
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mentioned forms and usually appears with very small faces. 
One hand specimen of a very much decomposed siliceous rock 
contained a great number of small lustrous crystals about 2™™ 
in diameter, which show a very large development of ¢, fig. 
3, but I have seen no large crystals with this habit. The 
macropinacoid a appears very frequently, but seldom largely 
developed. 

The crystal which first attracted my attention is about 
7°™ in its greatest diameter with very lustrous faces and sym- 
metrical development; it is only a fragment. It shows all of 
the forms mentioned above with the addition of y, which bevels 
the macrodiagonal pole edge of z. y is a rare pyramid in this 

species, and was first identified by von Leuchtenberg™* on crys- 
tals from the Urals. The planes are arranged as in fig. 4. It 
will be noticed that the prominent pyramid is here z, while e is 
very subordinate. I have been able to find no duplicate of 
this crystal. Except the large rough crystals which are wholly 
changed into rutile, and which have the habit shown in fig. 4, 
only with more prominent prismatic development; all that I 
have seen show the pyramid e largely developed. The two 
pyramids z and e might be mistaken for one another were it 
not for the prism m which serves for orientation. 

The angles which were measured and served for the identifi- 
cation of the faces (on crystal shown in fig. 4) are given in the 

* Materialien zur Mineralogie Russlands, vi, 204. 
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following table, together with the corresponding angles taken 
from Kokscharow. 

KOoKSCHAROW. 

ene 122.2122 44° 19)’ AA? 234 
Bea lio Ap lila Be) Bin 53 48 

112 . 112 53 42 53 48 
112 ~ 112 44 30 44 46 

Xn 124 ~ 124 28 39 28 28 
124 , 124 28 41 28 28 

€nxz 1122) ~-112 YG ee Ta 6 
mam 110 ~ 110 80 6 80 10 

110 ~ 110 99 514 99 50 
axm 100 ~ 110 40 4 40. 5 
maz 110 ~ 112 53 40 53 45 

110°. 112 53 40 53145 
mat - 110 ~ 021 5b) 18 a) 9) 

110 . 021 55 194 55: 19 

It will be noticed that the angles agree closely with those 
given by Kokscharow, and a consideration of those angles cal- 
culated to determine the monoclinic symmetry of the crystal, 
1.€, mAzand mat give us no sufficient ground for assuming 
that the crystallization is other than orthorhombic. The reflec- 
tions from the faces of these crystals are usually not very 
sharp; those from the one shown in fig. 4 are, however, an 
exception. In this crystal vicinal faces lay in the prismatic 
zone making an angle of 0° 39’ with m, and with the front 
edge of the vicinal prism measuring 81° 22’. There is also a 
vicinal pyramid inclined 0° 21’ to z, and in the zone g, e, the 
vicinal faces being nearest to e and showing faint though 
distinct reflections. 

The gravity of this crystal taken very carefully is 4-084. 
Mineralogical Laboratory, Sheffield Scientific School, March 20, 1886. 

SCIENTIFIC INTELLIGENCE. 

I. PuHysics AND CHEMISTRY. 

1. On the Critical Temperatures and Pressures of certain 
Gases.—VINCENT and Cuappuis have determined the critical 
temperatures and pressures for two series of compound gases, the 
members of each series differing from one another by CH,. In 
the first series were ammonia and the three methylamines; in the 
second, hydrogen chloride and the chlorides of methyl and ethyl. 
The experiments were made in the Cailletet apparatus, the tubes 
being filled with ammonia or hydrogen chloride by simple dis- 
placement. The other gases were previously liquefied, and were 
contained in vessels connected with the laboratory tube by means 
of a three-way cock, leading to a mercury pump. The tube was 
carefully exhausted and then the gas was allowed to enter. About 



390 Scientific Intelligence. 

5 or 6 centimeters of this tube remained filled with the gas when 
the liquefying point was reached. <A carefully compared Baudin 
thermometer was plunged in a cylinder of water enclosing the 
tube, the temperature of which could be altered at will. Careful 
regulation of the pressure enabled the phenomena of appearance 
and disappearance of the meniscus to be produced within 1°. 
For hydrogen chloride the critical temperature was found to be 
51°5°, the critical pressure 96 atmospheres. Methyl chloride may 
be compressed to 200 atmospheres at 142° without the appearance 
of a meniscus; but at 141°, the liquid is distinctly seen. The 
critical temperature is then 141°5° and the pressure 73 atmospheres. 
Ethyl] chloride has its critical point at 182°5° and at 54 atmospheres. 
Ammonia gas has a critical temperature of 131° and a pressure of 
113 atmospheres; corresponding closely with the values obtained 
by Dewar, 130° and 115 atmospheres. The critical point observed 
for monomethylamine was 155°, for dimethylamine 163°, and for 
trimethylamine 160°5°; the corresponding pressures being 72, 56 
and 41 atmospheres respectively. Comparing the above temper- 
atures with each other, it appears that while they progressively 
increase with the molecular complexity, their differences diminish. 
Comparing them with the critical pressures, it will be noticed 

ieee 
that they vary inversely as these pressures, the value es in- 

creasing slowly as the size of the molecule increases; contrary to 
the results obtained by Dewar for the simpler gases in which 
both pressure and temperature increased together. His figures 

. 273-+T. 
show that the ratio a is nearly constant and has a mean value 

of 3°5. The values of the present paper are for hydrogen chloride 
and ammonia 3°4. and 3:5 respectively; while methyl chloride 
gives 5°7, ethyl chloride 8:4, monomethylamine 5°9, dimethyl- 
amine 7° 9, and trimethylamine 10°5.—J. Physique, I, v, 58, Feb- 
ruary, 1886. G. F. B. 

2. On the Double Refraction produced by Metallic films.— 
Kuwnpt, desiring to prepare transparent films for his investiga- 
tions on the rotatory magnetic polarization of the metals, made 
use of the method of Wright* for this purpose; i. e., showering 
down the material forming the negative electrode upon a glass 
plate in an exhausted receiver. But when the films thus prepared 
were placed between two crossed Nicol prisms he was surprised 
to find them double refracting. This phenomenon was observed 
with platinum, palladium, gold, silver, iron and copper. If the 
cathode is placed perpendicularly to the glass plate the deposit is 
slightly conical; so that when placed between the two Nicols, in 
parallel light, a black cross is seen ina bright field, the arms of 
which correspond with the planes of polarization of the Nicols. 
Kundt has shown that this effect cannot be due to the conical 
form of the deposit, to a state of tension of the metallic film, nor 

* This Journal, III, xiii, 49, Jan.; xiv, 169, Sept., 1877. 
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to strain in the glass. Since gold, silver and copper are generally 
considered isometric the above experiments would seem to prove 
that they may be dimorphous. This sort of crystalline arrange- 
ment of the metallic particles the author attributes to the fact 
that the cathode particles are directed by the electric discharge 
and these particles have therefore an electric orientation. If the 
metal is oxidized, the double refraction disappears. Moreover 
similar films electrolytically deposited are not doubly refractive. 
He has observed moreover that the color of a silver layer thus 
obtained is variable with the temperature of the electrode and 
with the nature of the gas in the receiver. If such a film showing 
a blue color be examined with a dichroscope, it will be observed 
to be strongly dichroic.— Wied. Ann., H, xxvii, 59, January, 
1886. Gir B: 

3. On the continuous production of Oxygen by the action of 
Calcium hypochlorite upon Cobalé oxide.—BipEtT has modified 
and improved Rosenstiehl’s apparatus for obtaining oxygen by 
the action of cobalt oxide upon a solution of calcium hypochlorite. 
The generating vessel is a three-necked Woulff’s bottle, having a 
lateral tubulure at bottom. In this bottle the cobalt oxide is placed, 
the hypochlorite solution being poured upon it through the middle 
tubulure, and the evolved gas passing off through one of the 
lateral ones. The third tubulure carries a safety tube. The 
delivery tube branches, one part going to the combustion tube or 
other place where the oxygen is needed; the other, to a two- 
necked bottle of 5 or 6 liters capacity, which acts as a gasometer. 
The second neck of this bottle carries a tube passing to the bottom, 
which is connected with the water supply. A lower lateral 
tubulure carries a recurved tube which rises to the top of the 
bottle and delivers the overflow. If the cock on the first branch 
of the delivery tube is closed, the oxygen generated passes into 
the gasometer, forcing out the water. This gasometer thus acts 
as a regulator causing the current of oxygen to be perfectly 
steady ; even while the hypochlorite solution is being changed, 
as it may be through the lower tubulure of the generating flask. 
— Bull. Soe. Chim., II, xlv, 81, January, 1886. G. F. B. 

_ 4. On the direct fixation of Atmospheric Nitrogen by certain 
argillaceous Soils—During the past two years, BerTHELoT has 
conducted a set of experiments at the agricultural station of 

_ Meudon, with a view to determine quantitatively the action of 
argillaceous soils in fixing atmospheric nitrogen, in virtue of the 
microscopic organisms which they contain. The experiments 
were arranged in five series, carried on simultaneously, and neces- 
sitating more than 500 analyses. The soil in the first series was 
preserved in a closed room; in the second, in the open field under 
shelter; in the third, on the top of a tower 28 meters high, with- 
out shelter; in the fourth, in hermetically closed flasks; and in 
the fifth it was sterilized. After giving in detail the results of 
the experiments, the author concludes that they establish the fact 
that the soils examined, both sandy and argillaceous, possess the 
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property of slowly fixing free atmospheric nitrogen. This prop- 
erty is independent of nitrification as well as of ammoniacal con- 
densation. And since the compounds formed are complex and 
insoluble amides of the character of those existing in living 
animals, it must be attributed to the action of living organisms. 
It is not manifested in winter, but is operative throughout the 
season of active vegetative growth. A temperature of 100° 
destroys it. It goes on as well iu a closed vessel as in contact 
with the atmosphere; as well in the free air at the top of a tower 
as under cover in the vicinity of the soil covered with vegetation, 
or within a closed room in the interior of a building. It takes 
place in the dark though less actively than in the light. The 
figures obtained show that the amount of nitrogen which would 
be fixed by one hectare of surface would be, during a single 
season, for a yellow sand 20 kilograms; for a second sand 16 to 
25 kilograms; for a clayey soil 32 kilograms.— Bull. Soe. Chim., 
II, xlv, 121, February, 1886. G. F. B. 

5. On the Combustion of Carbon monoxide and of Hydrogen. 
—In 1880, Drxon showed that a mixture of perfectly dry carbon 
monoxide and oxygen did not explode by the electric spark; but 
that even a minute trace of water or of a volatile body containing 
hydrogen, rendered the mixture inflammable. He accounted for 
this result by supposing the steam present to act as a carrier of 
oxygen, itself undergoing reduction thus: (1) CO+H,O=CO, 
+H and (2) (H,),+0,=(H,0O),. To settle, if possible, the 
question as to the mode in which the steam acts he bas now 
published a new series of experiments. He finds for example 
that small quantities of H,O, H,S, H,C,, H,CO,, H,N, H,.©;, 
HCl invariably cause the explosion, while SO,, CS,, CO,, NO, 
C,N, and CCl, do not. Hence he concludes that the steam does 
not act simply as a mere third body, but in virtue of its own 
peculiar chemical properties. He then studies the two reactions 
above given. As to the reduction of steam by carbon monoxide, 
that fact was established by Grove in 1846, when he discovered 
“‘the curious reversal of affinities.” Dixon’s experiments were 
conducted in a eudiometer containing two platinum coils. When 
carbon-monoxide and steam were heated to dull redness for six 
hours 5°2 volumes of CO were oxidized and 5:2 volumes of H pro- 
duced, out of 100. At full redness for the same time 11°7 per 
cent and at bright redness 14:3 per cent of the CO was converted 
into CO,. When CO, and H were subjected to the action of the ~ 
hot platinum in the same tube, practically the same state of 
equilibrium was reached. If, however, the CO, formed in the 
first case, or the H,O in the second, be removed as fast as pro- 
duced, then the oxidation of the CO in the one and the reduction 
of the CO, in the other become complete. Induction sparks pro- 
duce in both cases similar results. When the quantity of steam 
present is increased, the amount of CO oxidized is also increased. 
At a vapor tension of 13™™, 3 per cent, at 102™™ 11:6 per cent 
and at 214™™ 21:4 per cent of hydrogen was formed. Having 
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thus shown the actual occurrence of the two reactions specified, 
the author goes on to discuss Traube’s theory that hydrogen per- 
oxide plays a part in the process; concluding that the facts do 
not support this hypothesis while they are satisfactorily explained 
by the theory he has offered.—/. Chem. Soc., xlix, 94, Feb., 
1886. Gr Be B, 

Il. Grotocy AND NATURAL HISTORY. 

1. Gas- Wells on Anticlinals.—Prof. I. C. Wurrez,* of the Penn- 
sylvania Geological Survey, has a paper on ‘‘The Geology of 
Natural Gas,” in the Petroleum Age for March, in which, as in 
a paper in Science of last June, he presents evidence for the 
conclusion that the underground gas-accumulations of western 
Pennsylvania exist chiefly along very low articlinals, and illus- 
trates the subject with a map, giving the positions of the anticli- 
nal axes and the gas-wells, from the maps of the Pennsylvania 
survey and partly his own examinations. The few apparent ex- 
ceptions among the large wells he refers to the existence of trans- 
verse anticlinals (whose positions he also indicates on his map), 
these making an arching in a synclinal at the crossing. The syn- 
clinals are stated to be regions of subterranean waters and hence 
of comparatively little free or available gas, where there is any. 
He’ mentions, besides other facts, the case of a well recently 
located by him on the great Saltsburg axis, north of the town of 
Grapeville, which, on reaching into the “ Murraysyille sand” a 
few weeks ago, yielded an immense flow of dry gas. In contrast, 
a party from Greensburg put down a well one mile east of the 
erest of the same arch or anticlinal, at a locality where the dip had 
carried the rocks down 250 feet, and got an immense supply of 
water, and consequently what little gas came up was worthless. 
Mr. White states the fact from Illinois of recent observation (re- 
ceived by him from Mr. L. R. Curtiss, of that State): that along 
the low anticlinal in Tlinois which extends from Ogle County 
S. 20° E. through Lasalle and Champaign Counties, and thence to 
Coles and Clark Counties in the southeastern part of the State, 
“natural gas can be traced in springs and well-borings for a dis- 
tance of 160 miles; but it is more prevalent on the crowns of the 
cross anticlinal axes, as notably the case at Mendota. 

The gas-wells at Erne and Fredonia, N. Y., have been instanced 
as exceptions to the general rule; but the supply of gas at these 
places is small, only 20,000 to 60,000 cubic feet daily, according ~ 
to Professor Orton; while the great gas-wells deliver daily mil- 
lions of cubic feet, some in the Murraysville field, it is reported, 
yielding thirty-three millions per day. ‘The first Murraysville 
well has been delivering more than twenty millions of cubic feet 
of gas daily for nearly ten years; and, with many other wells in 
close proximity, the volume has not been appreciably diminished.” 
Moreover, Mr. White says that he finds, on recent examination, a 

* The name J. C. White, on page 228 of this volume, should be I. C. White. 



394 Scientific Intelligence. 

very low anticlinal at Erie and Fredonia parallel to Lake Erie. 
Ohio has afforded large gas-wells only along anticlinals; ‘‘ Ken- 
tucky, Illinois and West Virginia tell the same story.” 

The subterranean gas-horizons in Washington County, Pa., are 
stated to be three: the first, 900 feet below the Pittsburg coal, 
the second 1,800 feet, the third 2,000 feet. ‘The first is from the 
conglomerate No. XII, about 200 feet above the Subcarboniferous 
limestone, and the pressure of the gas seldom exceeds 300 pounds 
to the square inch. The horizon is that of the first Venango oil- 
sand, and is the “gas horizon par excellence of southwestern 
Pennsylvania ”—being that of ‘ Beaver, Allegheny, Butler and 
Westmoreland Counties,” and of Wellsburg, West Virginia. 
The sand-rock is identified by Orton with the Berea grit of Ohio. 
The pressure in the Murraysville region (Westmoreland Co.) sel- 
dom exceeds 650 pounds to the square inch. The wells at Erie, 
which go down 600 to 700 feet, show a maximum pressure of only 
40 to 50 pounds. 

In another paper in the same number of the Petroleum Age, 
some of the advantages of gas for fuel are stated to be the follow- 
ing: ranges and furnaces of dwelling houses and factories may 
be lit up or extinguished in an instant; a steady heat is secured 
without attention; and no ash or flying dust accompanies the 
management. In one of the great factories of Pittsburg the 
twenty-four boilers that used to require the care of eighteen men 
day and night when coal was used, now need the care of only 
two. Storage of fuel is avoided; furnaces last longer; sulphur 
is not supplied from the fuel to injure the iron and steel produced. 
“There is one exception—it cannot be used in cupolas.” 

2. Volcano of Barren Island in the Bay of Bengal.—A de- 
tailed description of the Barren Island volcanic cone by Mr. F. R. 
Mallet, is contained in vol. xxi, Part 4 of the Memoirs of the 
Geological Survey of India. The position and features of the 
island have given it a prominent place in works on volcanos. 
This island has a diameter of two miles, the cone of about one. 

The outer slopes of lava rise to a height of about 1100 feet, at 
an angle of nearly 25°, but are broken through to within 100 feet 
of the sea-level on the west side. The interior is a great amphi- 
theater, in which stands the central cone, 1,000 feet at summit 
above tide level, whose sides have a surface of cinders or ash, and 
an even slope of 32°. This angle may have been reduced since 
the last ejection of cinders, by the rains which are heavy in this 
region. The accompanying figure is a reduced copy of one of 
the partially ideal sections illustrating Mr. Mallet’s paper. — 
Rugged bare lava streams, having a scoriaceous crust, almost 

encircle the inner cone at its base ; and projections of lava at two 
points high up the sides of the cone show that streams of lava have 

wy 
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descended from breaks in its sides. The appearances indicate 
comparatively recent action, perhaps within a century. The 
inner cone, according to Mr. Mallet, has certainly been made 
within the last 1800 years. No evidence of the asserted presence 
of the sea at any time within the limits of the amphitheater was 
found. 

The heat below still gives rise to fumaroles and hot springs. 
Notwithstanding the “heavy tropical rains,” the island has no 
surface streamlets, all the waters becoming subterranean. The 
water of the principal hot springs is brackish—containing over 
200 grains of saline matter to the gallon. 

The lava is mostly doleritic or basaltic, and much of it contains 
chrysolite. The formation of the amphitheater and the break in 
it on the west side are attributed to a “ blowing away of the upper 
and central part of the cone by a great explosive eruption,” like 
that of Krakatoa, Aug. 27, 1883. 

The expression explosive eruption, which is above used and is 
common in accounts of violent volcanic action, is misleading. It 
seems to imply that in such eruptions, the top of the lava-made 
cone is projected off in the explosion, and that by this means 
came the great crater-area and its encircling walls; or that the 
ejections upward from the vent ure the chief means of making the 
great cavity. But no one has yet reported the occurrence of 
large masses or slabs of the once stratified lavas from the lost 
part of the cone scattered over the remaining outside slopes, or 
shown that the owtflow of lavas at the eruption may not have 
great undermining action. 

Volcanic action in a crater, where there are liquid lavas, is 
largely a pseudo-boiling process; and the confined vapors of the 
enlarging bubbles, forcing an escape, are the chief projectile 
agency through which the more terrific explosive phenomena are 
produced, as well as the gentler of Kilauea-like type. Aug- 
mented activity means an augmented and more rapid escape of 
vapors through the viscid lavas; it means also augmented heat 
and a consequent extension of the region of liquid lavas, at and 
below the surface, by fusion of the adjoining solid lavas, and 
bence augmentation in explosive action. Cinder cones made 
about the vent in the quieter times may be destroyed by the 
projectile violence or become engulfed in the spreading region of 
fusion ; and the rocks of the crater throat may be to some extent 
torn off and added to the ejectamenta. Finally, in the catas- 
trophic eruption when the force from the rising vapors and from 
other conditions becomes greater than the mountain can with- 
stand—a point often abruptly reached—the sides break and one 
or more fissures let out the liquid lavas. However explosive the 
action, the solid rock of the summit of the cone, while it may be 
more or less removed by the forces engaged, instead of being 
projected over the outer slopes, sinks down into the abyss so 
made. Thus a volcanic cone under the most formidable of explo- 
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sive eruptions may lose its head; but if so, it is by swallowing 
it, or simply by a collapse. The same is the process in quiet 
Kilauea : the solid lavas of the borders of the fiery region sink 
because the discharge of the liquid rock makes a void beneath 
them. . 

Vesuvius, through the viscidity of its lavas and its sources of 
vapors, has at times vast projectile force, and much is often attri- 
buted to its blowing powers; as in such sentences as this: “ broke 
up and blew into the air the whole upper part of the cone.”* But 
its processes are in the main, as in Kilauea, (1) filling, (2) dis- 
charging, (3) collapsing. It alternates in its conditions between 
a voleano with a profound crater and one with a top plain—the 
“altopiano” of Italian writers. The crater pit (sometimes 1000 
feet deep) slowly fills by small ejections within it of lava and 
cinders.t Outflows of lavas from fissures in the mountain’s side 
may occur at different stages in the filling; but usually the work 
goes on, with no great outbreak, until the cavity is full and a 
top-plain of solidified lavas, a mile or more in circuit, takes its 
place, with nothing left of the crater except the vent of a cinder- 
cone. If the fires now increase in activity, the plain may mostly 
disappear by the formation over it of a large cone (or two or 
more of them) about an area (or areas) of boiling lava throwing 
up lapilli, lava-masses, and bombs from the vent. Then, if an 
outbreak of the grander kind takes place, discharge upward of 
lava-fragments to great heights accompanies discharge outward- 
and-downward of lavas through opened fissures; and a collapse 
results owing to the loss by the upthrow and outflow ejections ; 
consequently, what is left of the top-plain and its cones, with 
sometimes an upper portion of the great cone disappears by sub- 
sidence. Thus it happened at the eruption of May 31st, 1806 ; 
for Signor G. Zorda, speaking of it, says: ‘a considerable part of 
the summit fell into the volcanic abyss;”{ and facts enough are 
reported to show that the same took place at the grander eruption 
of 1822. In the smaller eruptions of Vesuvus the ‘“ altopiano ” 
often undergoes little change, because the undermining is not 
sufficient for more; and after a while cinder-eruptions may be 
resumed ; consequently after such eruptions, as Scacchi observes, 
the height of Vesuvius may become increased. 

The writer, at a visit to Vesuvius in July, 1834, found the 
summit a plain—the altopiano—with a small spurting cinder-cone 
near its center. A red heat existed 10 to 20 inches down in 
many fissures over the plain, and at one place a stream of lava, 
4 to 5 feet wide, emerged and flowed off down the mountain.§$ 
A month later, in August, a great eruption occurred, the lava 

* Scrope on Volcanoes, p. 17. 
+ Well described by Scacchi for the interval 1840 to 1855, in his EHruzione 

Vesuviane del 1850 e 1855, Napoli, 1855. 
+ Relazione, ete., Napoli, 1806, in Scacchi’s Memoir on Vesuvius, 1855, p. 16. 
$ On the condition of Vesuvius in July, 1834, this Journal, xxvii, 281, 1835. 

For a sketch of the cone as it then appeared, see the writer’s Text-book of Ge- 
ology, p. 130. 
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flowing eastward far toward Torcigno. M. Abich, who was then, 
as he reports, studying the volcano, after describing the top-plain 
and its cinder-cone as seen by him before the event, states that at 
the eruption, that platform of lava subsided and opened to view 
the interior of the large cone.* 

Another great eruption took place in January of 1839, sending 
forth large streams of lava, and leaving a great funnel-shaped 
crater at top, 300 feet deep. The mode of origin of the depres- 
sion is not stated; but it may well have come chiefly from the 
discharge of lava, ‘for three years of quiet intervened before the 
emptied mountain had again much activity in the crater. The 
“altopiano” was again the top of the filled crater before the close 
of 1845, but no prominent eruption occurred before 1850, and this 
left the summit-plain at the top occupied mostly by two very 
broad and low cones each with a deep crater. 

The processes at Vesuvius are essentially those of Kilauea, and 
the variations in amount of subsidence about the active lava vents 
are similar. But in the crater of more liquid lavas, Kilauea, the 
discharge occasioning the subsidence or collapse is almost wholly 
that of outflowing lavas, the upward discharge by the projectile 
force from rising vapors being small. 

The lava eruptions are spoken of above as through fissures, 
because the descriptions show this to be as much the fact at 
Vesuvius as at Kilauea. The forces engaged break the sides of 
the mountain along the upper or the lower slopes, or both, on one 
side or the other of the cone, and the lavas flow out, leaving dikes 
as registers of the number and directions of the ejections. The 
overflows from the summit are insignificant compared with outflows 
from lower levels; the cup is full it is true; but nearly all the 
lava is below the level of the top. Von Buch’s observation that 
the lava of 1805, shot suddenly, before their eyes, from top to 
bottom of the cone in a single instant, or, as a calculator inter- 
prets it, “many hundred feet in a few seconds,” repeated by 
Lyell and others, is explicable only on the view that a fissure 
or a series of fissures opened down the mountain and let out 
the lavas ‘“‘in a single instant”? from top to bottom. Fissures 
can be opened, as Kilauea shows, without an earthquake to 
announce the event. J. Da Ds 

3. Hruption at Kilauea, Hawaii, in March, 1886.—Honolulu 
papers of the 15th of March{ report the sinking and disappear- 
ance of the lavas of Kilauea, implying, thereby, their discharge by 
some outlet. On the evening of Saturday, March 6th, the Old 
and New Lakes of liquid lavas in the great pit-crater, Kilauea, 
were unusually full and brilliantly active, as seen from the Vol- 
cano House, on the northeast edge of the great pit; and an ac- 

* Erlaut. Abbild. Vesuvius und Aetna, Berlin, 1837. 
+ Scacchi (loc. cit.) gives a sketch of the crater when in the quiet state, and 
sy showing its condition in October, 1843, after the filling of it had again 
begun. 
¢ The editors are indebted for the papers to Mr. Alexander, Surveycr General 

of the islands. 



398 Scientific Intelligence. 

count by Mr. E. Finley states that the place of the path between 
the New Lake and Old Lake, called “the bridge,” was at this 
time “‘swept away by an overflow of red hot lavas,” which seems 
to imply that the solid lava making the bridge was melted away 
by the encroaching of the liquid lavas from one side or the other, 
owing to the increased heat. This condition continued until late 
that evening. After midnight, between 2 and 3 o’clock, the lavas 
of both lakes suddenly disappeared and the fires went out. At 
7 that morning, when the clouds had cleared away, it was 
discovered also that the bluffs of solid lavas that bordered the 
Old Lake (Halemaumau), part of which were 200 feet higher 
than the surface of the boiling lavas, had sunk into the depths 
below—the depths deserted by the liquid lavas. Besides this, 
the region of the “‘ bridge” between the two lakes had subsided, 
so as to make one great chasm of the area of the two lakes. By 
the night of March 7th all was total darkness in the crater, “ ex- 
cepting a few small lights from previous flows;” and on the 
afternoon of March 8th, as one who had been down into the crater 
reported, the fires were to appearance wholly extinct, though hot 
vapors still came up; the site of the New Lake was a great hole 
150 feet to bottom, and that of Halemaumau a much larger cavity 
500 feet deep. In addition, at the time of the earthquakes, 
several rents were made outside of the crater of Kilauea; one on 
the road from the Volcano House to another pit-crater called 
Kilauea-Iki, and two about two miles from Kilauea on the 
Keauhou road (leading toward the steamboat landing). For many 
days after the disappearance of the lakes “large portions of the 
edge were continually falling into the terrible gulf with thunder- 
ing sounds”’ that were attributed at first to earthquakes. 

No outflows over the slopes of Kilauea above the sea-level are 
reported. There may have been a submarine discharge. All known 
eruptions of Kilauea have been similar in general character: a 
condition of unusual heat and activity in each case being followed 
by a sinking of the lavas in the crater attending a discharge 
(above the sea-level in some cases), and a subsidence also of more 
or less of the bordering solid lavas. The extent within Kilauea 
of the surface of activity in the spring of 1840, and of the conse- 
quent subsidence of solid lavas at the eruption, six months before 
the writer’s visit to the region, has not since been equalled ; for 
an area 12,000 feet in length and 3,000 feet in mean width then 
sunk down 400 feet; but alternations of activity and of discharge 
with subsidence of less extent, followed by quiet and a gradual 
increase in heat and activity of the lava, preparatory to a new 
discharge, have many times occurred. The discharge and subsi- 
dence are not premonitions of great activity, but results of 
fractures somewhere and an outflow, with a collapse, from which 
recovery is slow. J, Dap 

4. Making deposits of the remains of birds, squirrels, and 
other small animals.—Professor E. W. Hincarp, in a paper on 
the asphaltum deposits of California, published in Williams’s 
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Mineral Resources of the United States for the years 1883 and 
1884, mentions (p. 940) that in Ventura County, thick mineral 
oil or pitch oozes or flows from the beds of the Sierra de Azufre, 
called also the Petroleum range, into the Santa Paula valley, 
and forms surface deposits, moving down the ravines, partly 
solidifying into rock-like masses, and partly forming lazy streams 
in the beds of rivulets. In the wet season these beds carry water, 
but during the dry and warm part of the year exhibit delusive 
reflecting surfaces of shining tar, generally mingled with a little 
calcareous water, which serves to delude all kinds of living crea- 
tures into the belief that they may there slake their thirst. Thus 
gophers, moles, squirrels, rabbits, all kinds of birds from the buz- 
zard and hawk to the canary, as well as all kinds of insects may 
be found just caught or completely submerged in the pitiless 
viscid mass, which rarely releases a victim once touched. The 
frequent occurrence of bones of lambs and calves sometimes 
proves that even these larger animals are entrapped; and the 
humanfoot may not escape the grip without loss of boot or shoe. 

& a history of Taconic investigation previous to the work 
of Professor Emmons; by J. D. Dana.—The following notes are 
from the opening part of an Address on Berkshire Geology, | 
delivered before the Berkshire Historical Society, at Pittsfield, 
Mass., in February, 1885. 

The earlier workers in this field were Professor Amos Eaton, Dr. 
Chester Dewey, Professor Ebenezer Emmons and Professor Kd- 
ward Hitchcock. Three of the four were graduates of Williams 
College ; Eaton in 1799, Dewey in 1806, and Emmons in 1818. 

Professor Eaton, after examinations, as he says, of the High- 
lands on the Hudson, the Catskill Mountains, the Green Moun- 
tains, and some other points, with old Kirwan as his text-book on 
rocks and minerals, put himself, in 1816, under the instruction of 
Professor Silliman, at New Haven, and heard two of his courses 
of lectures on mineralogy and geology. In March of the next 
year, the zealous naturalist, now doubly charged with enthusiasm 
—his own reénforced with that of his eloquent teacher—began a 
course of lectures at Williams College, with specimens supplied 
him by Professor Silliman and a collection made by Professor 
Dewey, then Professor of Mathematics and Natural Philosophy 
and Lecturer on Chemistry in the College; and “such was the 
zeal,’ says Mr. Eaton, “that an uncontrollable enthusiasm for 
Natural History took possession of every mind, and other de- 
partments of learning were, for a time, crowded out of college. 
The college authorities allowed twelve students each day (72 per 
week), to devote their whole time to the collection of minerals, 
plants, ete., in lieu of all other exercises.” 

Mr. Eaton, while there, gathered specimens of rocks from all 
directions, through his students. He also made two tours from 
Boston across Massachusetts; and by 1820 he had examined the 
rocks along several sections between Massachusetts and the Hud- 
son, besides making various excursions elsewhere—2,000 miles of 
which, he says, were made on foot. 
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In 1817, Professor Eaton left Williamstown for Albany, leay- 
ing the special geological study of the region in Dr. Dewey’s 
hands, and three years later he acknowledges (in his Index to the 
Geology of the United States, 1820), ‘the assistance for two or 
three years, of that very able and accurate naturalist, Professor 
Dewey of Williams College,” and ‘shows his appreciation of the 
knotty character of the region by the additional remark: “He 
resides at the very central spot of the most complicated diffieul- 
ties, and never suffers any interesting fact to escape his notice.” 

In January, 1819, Dr. Dewey was ready with results, and 
published, in the first volume of this Journal (p. 337-345), a geo- 
logical description of the Williamstown portion of the Taconic 
region. In 1820, in vol. ii of the same Journal (p. 246), this 
paper was followed by another on a “ Geological section frem the 
Taconic Range in Williamstown to the city of Troy.” By the 
summer of 1824 he had much widened the range of his researches, 
as shown in the eighth volume of this Journal (pp. 1 to 60 and 240 
to 244), in an article the “Geology of Western Massachusetts 
and a small part of the adjoining States,” illustrated with a col- 
ored geological map embracing all Berkshire, the southern por- 
tion of Vermont, Canaan and Salisbury of Connecticut, and 
eastern New York to the Hudson. 

The *‘Taconick Hills” first took their place in geological litera- 
ture in his paper of 1819, in which (on p. 337) he mentions the 
Indian orthography of Taconic and gave the word its present 
shape. This first geological map of Berkshire, published in 1824, 
shows the north and south direction of the belts of limestone; the 
Taconic backbone of the region, consisting, as he had found, of 
“mica slate” and “argillite;” the “primitive limestone” to the 
east of the Taconic range, the “ transition limestone,” or less erys- 
talline, to the west; the isolated ridges of quartzyte, and areas 
of mica schist and gneiss farther east; the “gray wacke ” and 
slates farther west to the Hudson. Professor Dewey also ob- 
served the general eastward dip of the rocks. Following EHaton, 
he sought, by the terms “ primitive,” “ transition,” “‘ gray-wacke,” 
to bring the facts into parallelism with those of English and 
European geologists. Professor Dewey says, in his appendix to 
this paper in the same volume (p. 242), “In Fishkill I found 
petrifactions in siliceous slate associated with argillite.” This 
very important discovery has not since been verified; but prob- 
ably will be, since Lower Silurian fossils have been recently found 
just north in the slate of Poughkeepsie, and many more in the 
neighboring Barnegat limestone. 

It deserves mention that Dr. Dewey was enough of a chemist 
to use the science to great advantage in his geological work. By 
means of it he determined rightly the composition of the prevail- 
ing slaty rock of the Taconic range, and set forth his determina- 
tions repeatedly in his published papers. These slates were pro- 
nounced by Eaton and others Zalcose slates, because, like tale— 
a magnesia mineral—they jfelé greasy. But in 1819 he said, “I 
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have been able to detect only a very minute quantity of magnesia 
in any specimens I have tried, but much alumina.” Thereupon 
he, with good reason, called the rock “very fine-grained mica 
slate.” But the other geologists, including Emmons and Hitch- 
cock, did not accept of his determination, and the error continued 
in the science of both America and Europe, for forty years and 
more. Dr. Dewey was a keen-eyed student of Nature, and New 
England geological science lost much by his leaving the field 
after having well passed its threshold. 

Professor Ebenezer Emmons received his scientific inspiration 
from Professor Eaton, whose rousing lectures, at Williams Col- 
lege, he heard while in his Junior year. Under its influence he 
became one of the most active and faithful geologists of the 
country. He was a pupil in Professor Katon’s Rensselaer school, 
which was opened in Troy in 1824, and in 1826, the year of his 
graduation, published a small ‘‘ Manual of Mineralogy and Geol- 
ogy,” for the Rensselaer school. (This Manual was my first 
school book on the science while at a High-school in Utica, 
between the years 1827 and 1830, where another Rensselaer 
school graduate was our instructor in chemistry and natural his- 
tory.) Like Professor Dewey he became an instructor in Will- 
iams College, entering upon his duties there, as a Professor of 
Natural History, in 1833, and then commenced his geological 
investigations. 

6. Lifth Annual Report of the U. S. Geological Survey, 1883 
to 1884; by J. W. Powstt, Director. 470 pp. roy. 8vo, with 
many plates and other illustrations.—The report of the director, 
here presented, shows that a large amount of geological work is in 
progress under the survey and that all of it is of high order. 
The papers published with the report are the following: The 
topographical features of Lake shores, by G. K. Girperr; Prelim- 
inary paper on an investigation of the Archean formations of the 
Northwestern States by R. D. Irvine; The requisite and qualify- 
ing conditions of Artesian wells, by T. C. CuamBrertin; The 
gigantic mammals of the order Dinocerata, by O. C. Marsu; 
existing glaciers of the United States, by I. C. Russrrn; and 
a Sketch of Paleobotany, by L. F. Warp. The work of Profes- 
sor Marsh on the Dinocerata has already been noticed at length 
in vol. xix (1885) of this Journal, and the report of Mr. Russell 
briefly in the current volume; and Professor Irving has a paper 
in vol. xix on the Archean which bears on some of the points he 
here considers, ; 

Professor Chamberlin’s report, as its title implies, is a scientific 
review of the conditions favorable and unfavorable to success in 
Artesian borings, and has a direct reference to economical results. 
The discussion is based on a wide range of facts from a geologi- 
cal source and from past experiences in borings, and the explana- 
tions are accompanied by many illustrating figures. The report 
is therefore an excellent manual on the subject. 
A new feature in artesian boring came to the writer’s knowl- 
Am. Jour, Sc1.—TuHirp Serins, Vou, XX XI, No. 185.—May, 1886. 
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edge last summer when at Lebanon Springs, at the western foot 
of the Taconic Range, in Columbia County, N. Y. In that 
vicinity, where the schistose rocks (hydromica schists) stand at a 
high angle, an artesian boring had been run into the hills nearly 
horizontally for three hundred feet, and a permanent flow ob- 
tained. <A vertical boring at the same place would have been in 
all probability without success, as in most other regions of meta- 
morphic rocks. 

The paper on the Topographical features of Lake shores, by 
Professor Gilbert, treats of the character and origin of these 
features, and considers the physical questions as to the nature 
and effects of wave and current action in erosion, transportation 
and deposition. It takes up therefore the subject of water action 
over the earth’s surface from a fundamental point of view, omit- 
ting the part consequent on tidal movements; and, under the 
action of water, that of ice, its frozen condition, is included. 
“Littoral erosion and the origin of the sea-cliff and wave-cut 
terrace” is first explained, then, ‘‘the process of littoral transpor- 
tation, with its dependent features, the beach and the barrier, and 
finally the process of littoral deposition, resulting in the embank- 
ment with all its varied phases and the delta.” Wave action 
from winds or currents, is considered at length as a question in 
physics, and its effects followed out as to methods, and as to 
results in the sculpturing of the shores; and then deposition is 
considered, its determining and modifying conditions, and results 
in beaches, bars and deltas. The formation of terraces of differ- 
ent kinds, and that of moraines, and other results of ice deposi- 
tion are also considered under the head of “the discrimination 
of shore-features,” and “the recognition of ancient shores.” ‘he 
Utah Great Salt Lake and the Lake Bonneville region has afforded 
Professor Gilbert many of his facts, but far from all. Besides 
plates illustrating this region, there are others giving admirable 
views from Lake Michigan, Lake Superior, Colorado, Montana 
and Idaho. 

Mr. Ward’s sketch of Paleobotany is mainly historical and 
treats of the discoveries hitherto made. In its review of discov- 
erers it commences with Scheuchzer, whose Herbarium Diluvia- 
num appeared at Zurich in 1709, and from him passes to Baron 
von Schlotheim, whose first publication on fossil plants appeared 
nearly a century later, in 1801; then speaks of Sternberg, Brong- 
niart, Witham, Géppert, Corda, Geinitz, Binney, Unger, Schim- 
per, Williamson, of Europe and Britain; and then of Lesquereux 
and Dawson, whose first publications appeared in 1845; of Heer 
and Bunbury, who published first in 1846, of Massolongo and 
Ettingshausen, 1850; of Newberry, 1853; Schenk of Leipsic, 
1858; of Saporta, 1860; and of Carruthers, 1865. A review of 
the more important publications follows, and a consideration of 
the classification of plants, with the bearings on the subject of 
classification of the facts made known by paleontological dis- 
covery. The paper closes with tables giving the number of spe- 
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cies, or so-called species, found fossil in the successive geological 
formations, and of those now existing, with diagrams illustrating 
the progress of the several grand divisions. 

The volume contains also a copy of the colored geological map 
of the United States by Mr. McGee, of the Survey, already no- 
ticed in this Journal. 

7. The work of the International Congress of Geologists and 
of tts Committees; published by the American Committee, under 
the direction of Dr. Persiror Frazer, Secretary. 110 pp. 8vo, 
1886.—This pamphlet contains Dr. Frazer’s report of the discus- 
sions at the Congress, together with a general notice of the meet- 
ing, extracts from the very valuable report of 147 pages published 
in England, by the English Committee, and from the reports of 
some of the European Committees. It also presents, on a folded 
plate, the scheme of colors for geological maps, proposed by the 
Congress and used on the geological map of Europe now in 
course of publication. Through the distribution of the scheme it 
is hoped that a general uniformity may be ultimately secured in 
the maps of all lands. Complete uniformity between the different 
nations as to geological terms or colors is not to be expected on 
account of existing differences among them’ in language, in rock 
formations and their unequal display, and in geological opinions 
based partly on differences of progress in some of the divisions of 
the science, and partially on national preferences. 

Great credit is due to Dr. Frazer for his labors as Secretary of 
the American Committee and as editor of the report now issued. 
Those wishing copies of the Report should address Dr. Frazer, 
in Philadelphia, and enclose fifty cents—the cost of publication. 

8. Mastodon, Liama, etc., from Florida.—Professor Lretpy has 
reported (Proc. Philad. Acad. N. Sci., 1886, 11) the occurrence of 
bones of Mastodon, Auchenia (llama), Hippotherium, Rhinoceros 
and Megatherium, near Archer, Florida. Some of the mastodon 
bones are very near J. angustidens in species, and are named MM, 
(Trilophodon) Floridanus. Three species of llama are supposed 
to be indicated and the names proposed for them are A. major, 
A. minor, and A. minimus. 

9. Fossil leaves in Staten Island and Long Island Clay beds. 
(Trans. N. Y. Acad. Sci., iii, 30).—Leaves in clay beds are here 
reported by Dr. N. L. Britton from the southern end of Staten 
Island and from Glen Cove, Long Island, the beds at both places 
apparently of the same age with the plant-bearing clay beds of 
the Middle Cretaceous in New Jersey. Dr. J. S. Newberry 
stated that he had already exhibited similar specimens from 
Williamsburg, Lloyd’s Neck and Glen Cove, Long Island, includ- 
ing large numbers of angiospermous leaves, which were probably 
of the age of the Raritan clays. 

10. Systematische Ubersicht der fossiler Myriapoden, Arach- 
noideen und Insekten, von 8. H. ScuppEr. (Verlag von R. 
Oldenbourg, Miinchen u. Leipzig).—This important, well illus- 
trated review of fossil myriapods, arachnoids and insects, covers 
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pages 721 to 831 of Zittel’s Handbuch der Palzontologie, I 
Abtheilung, Palzeozoologie, BD. II, and bears the date of 1885. 

11. On the Higher Devonian Faunas of Ontario Co., N. Y.; 
by J. M. CrarKke. 80 pp. 8vo, with three plates. Bull. U.S. 
Geol. Survey, No. 16. Washington, 1885.—Among the fossils 
from the Genesee shales, are Dinichthys Newberryt Clarke, and 
Palewoniscus Devonicus Clarke; from beds above, called Naples 
beds, Palewoniscus, with a fish spine referred to Pristacanthus. 
(The Dinichthys is near, though distinct from, the species described 
by G. N.S. Ringueberg from the Portage Group on Lake Erie). 

The Naples beds include the lower part of the series referred 
by Hall to the Portage, namely, the Cashaqua shales and Gardeau 
shales, which, according to Mr. Clarke, belong with the Genesee 
shales in fauna; while the rest of the Portage series, the Portage 
sandstone, he would transfer to the Chemung group. 

Mr. Clarke describes a “Goniatite concretionary layer,” as 
occurring at an elevation of about 150 feet above the top of the 
transition shales. The rock contains much pyrite, has a thickness 
of eight inches to a foot, and is overlaid by four feet of soft shales 
abounding in concretions ; and nowhere above the Marcellus shales 
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(of the lower Middle Devonian) are Goniatites so abundant as — 
here. The deposit is compared in its characters and the abund- 
ance of Goniatites to the Kramenzelkalk or Goniatitenschichten 
of the Rhine Provinces and Westphalia. Hall’s species Goniatites 
Patersoni, G. discoideus and G. sinuosus are in comparatively 
great abundance and generally have served as nuclei for the con- 
cretionary masses. 

A number of new species are described from the beds. After 
the descriptions follows a list of all the known species of the 
several divisions of the Genesee, Portage and Chemung groups 
from Ontario County. 

12. Fossil Ostracoda from Colorado.—Professor T. RupERT 
Jones has studied the Ostracoda of the Jurassic Atlantosaurus 
beds, near Cafion City, from specimens of the rock sent him by 
Dr. C. A. White, of the U. 8. Geological Survey, and described 
and figured seven new species in the “ Geological Magazine” for 
April. 
13. The Tripyramid Slides of 1885 (Appalachia, iv, No. 3, 1886), 

p. 177).—In this paper Mr. A. A. Burirr, after describing the 
effects of the slides in 1885 of Mt. Tripyramid in the White Moun- 
tains considers the facts that determine the occurrence of slides, 
and among these mentions as “one of the secondary factors, the 
preparatory work done by underground streams,” in wearing and 
making channels over the surface of the underlying rocks; and 
observes that this is often promoted by the laying bare of the 
rocks for short distances-by small or incipient slides. The ques- 
tion as to where a slide begins, whether at the top or at the bot- 
tom, he answers by saying, with sustaining reasons, at neither, 
but at some distance above the bottom. The Tripyramidal 
slide occurred on an average slope of about thirty-four degrees. 



Geology and Natural History. 405 

Its width was 350 feet at the top; over 300, in general, below ; 
over 400 where it turned at a right angle and entered the brook; 
its length on the mountain was half a mile; to the foot of the 
delta made by it nearly two miles. 

14. Titanichthys and Dinichthys from the Devonian of Ohio, 
(Trans. N. Y. Acad. Sci., v, No. 2).—The Titanichthys, which 
Dr. Newberry here describes, is a gigantic fish, much larger than 
Dinichthys, the cranium being four feet broad (that of the largest 
Dinichthys being three feet), to which he gives the specific name 
T. Agassizii. It is from the Huron Shale, bordering Rocky River, 
a few miles west of Cleveland. Besides Dinichthys Hertzeri, Dr. 
Newberry mentions the discovery of D. Terrelli in the valleys of 
Black and Vermillion Rivers, and two smaller species, D. minor 
and D. corrugatus ; also a fourth, D. Gouldit, at the Rocky River 
locality. The last is remarkable for the size of the eye and for a 
series of sclerotic plates, four inches in diameter, around the eye, 
like those in Ichthyosaurus. He mentions that Coccosteus has 
recently been proved by Professor von Keenen, of Gottingen, to 
have a bony ring round the eye. ‘The same paper contains notes 
on his Diplognathus mirabilis, also of the Dinichthys family. 

15. Catalogue of the Fossii Mammalia in the British Museum. 
Part II, containing the Order Ungulata, Sub-order Artiodactyla ; 
by R. LyprexxKer, F.G.S., ete. 320 pp. 8vo. London: 1885.— 
This catalogue contains many descriptive notes on the species and 
specimens in the collections of the British Museum, numbers of 
them type specimens, which make it much more than a catalogue. 

16. Discussion on Climate and Cosmology; by James CRoxt, 
LL.D., F.R.S. 328 pp. 8vo. Edinburgh, 1885.—Dr. Croll’s 
recent papers in this Journal make it only necessary to announce 
the publication of this new volume, in which the views in those 
papers are mostly embodied. 

17. Allgemeine und chemische Geologie von Justus Roru. 
II Band, Zweite Abtheilung.—The continuation (see vol. vii, 493) 
now issued of this important work carries the description of rocks 
through the “ younger eruptive rocks,” which are discussed under 
the heads sanidine rocks (1), the leucite and nepheline (2 and 3), 
and the plagioclase rocks. 

18. On a crystalline slag having the composition of Fayalite ; 
by Epo CLAASSEN (communicated).—The slag under examination 
has an iron-black to steel-gray color and a metallic luster. Its 
hardness is 5:5, its specific gravity 4:211. It is strongly mag- 
netic, and gelatinizes with strong hydrochloric acid, though not 
completely. Cavities in the slag occasionally contain prismatic 
crystals, showing the forms 7-2, 2-2, 2-4 (Dana’s Mineralogy) and 
affording angles which agree closely with those of chrysolite. 
Three analyses were made, one of which yielded the following 
results: 

si0, FeO Al,O; MnO CaO MgO K.O Na,O § 
ZS 68739) ACSA eV Oa9) 0:32) ONS Ont.) 0-210 0-240 — 199-67, 

The sulphur is probably combined with iron as FeS; deducting 
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this, the analysis corresponds very closely to an iron unisilicate. 
The slag, therefore, has the composition as well as the form of 
the mineral fayalite, similar to other iron slags which have been 
described by Mitscherlich and others. 

19. Journal of the Trenton Natural History Society, January, 
1886, vol. i, No. 1, 22 pp. 8vo.—This first number of the Journal 
of this Society in New Jersey contains interesting notes on several 
geological and botanical subjects. The last is a paper by Dr. 
A. C. Stokes on Peridinium and other infusoria. 

20. Recent Notes from Botanische Zeitung.—In the numbers 
for last January, Professor Hugo DeVries gives an account of his 
studies relative to the phenomena of aggregation in the tentacles of 
Drosera (see this Journal for last December). His conclusions may 
be thus summarized: All stimulants which heighten the activity of 
secretion by the glands in insectivorous plants bring about remark- 
able protoplasmic changes dependent on three factors. These 
are (1) an increase in the ordinary cyclosis of the protoplasm on 
the wall of the cell; (2) a division of the vacuole into very nu- 
merous minute portions which remain enclosed by the original 
film of the large vacuole; (3) a very remarkable diminution in 
size of these minute vacuoles, by which a part of their contents is ~ 
expelled through their walls, and then, having chemical properties 
unlike those of the vacuolar contents left behind, this soon aggre- 
gates in the form of the well-known masses described by Darwin. 
After the stimulation has passed, the minute vacuoles become 
again confluent, the expelled contents resume their former dis- 
solved condition, and pass into the large vacuolar space. 

In the numbers for February, Arthur Meyer takes up the for- 
mation of starch granules in foliage leaves, noting the existence 
in assimilating leaves of the following substances: mannite, dul- 
cite, glucose, cane-sugar and sinistrin (a body allied to inulin). 
Meyer’s experiments appear to show that on withdrawal of leaves 
from light, there is, for a while, a steady diminution in the 
amount of the soluble substances above mentioned, and at the 
same time there is consolidation of these carbohydrates under the 
form of starch through the influence of the amyloplasts. G.L.G. 

Ill. ASTRONOMY. 

1. A Popular History of Astronomy .during the Nineteenth 
Century ; by Agnes M. Crerxe. 8vo. Edinburgh: A. & C. 
Black, 1885.—The aim of Miss Clerke is to present in a popular 
manner the discoveries that have been made in what she ealls 
the “new Astronomy” since the time of Herschel. Mathematical 
theories, except in their more striking results, are excluded from 
consideration. 

There is a charm in the history of any science, when the story 
is well told, which the science presented as a finished product 
does not possess, and Miss Clerke has told this story remarkably 
well. The book is intelligible to the ordinary thoughtful reader, 
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and yet a very large class of men engaged in other lines of science 
will find it not merely a popular history but also a valuable book 
of reference. The ‘materials have been derived, as a rule with 
very few exceptions, from the original authorities.” References 
are given for nearly every important assertion, and a reader who 
has occasion to verify or who questions any statements is thus 
easily put in the way of examining them for himself. 

In the very numerous cases where astronomers differ in their 
conclusions Miss Clerke has had no easy task. She has, we think, 
been very successful in most cases in choosing the right side, or 
else in holding an even balance between the opposing opinions. 

Occasionally, however, her success may be questioned. Re- 
specting the large vs. small telescopes she says: “it seems clear 
that we have reached a turning-point in the history of telescopic 
improvement.” At the time this was written she probably had 
not in hand the latest testimony of Dr. Vogel about the perfection 
of the images of the Vienna refractor, and certainly had not the 
recent testimony of Professor Young. From the fact that one 
observer with a 43 inch glass sees details which another with an 
18 inch glass cannot see, practical astronomers will not, we think, 
at once decide against the greater utility of the larger glass, 

H. A, N. 
2. The Star-guide, a list of the most remarkable Celestial objects 

visible with small telescopes; by Latimer Ciark and Herserr 
SapLtER. Macmillan & Co. 1886.—A very convenient manual 
for the possessors of small telescopes. It gives catalogues of 
interesting celestial objects, of test objects, variable stars, lunar 
mountains and meteor radiants, in a form convenient for use. 

3. Photographic Study of Stellar Spectra.—In accordance with 
the liberal provision of Mrs. Henry Draper, the study of stellar 
spectra by means of photography is to be carried forward at the 
Harvard Observatory as a memorial to her husband. In announce- 
ing the plan of this work, the Director, Professor E. C. Pickering, 
states that in order to keep the astronomical public informed of 
the progress made, specimens of the photographs will be gratui- 
tously distributed from time to time, the first of which is nearly 
ready. It is desired that those immediately interested in the 
work express their desire to obtain copies, in order that the ex- 
pense of reproduction may be limited as far as possible. Applica- 
tions may be made to the Harvard College Observatory; a blank 
form of request is provided. 

ITV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. The Fisheries and Fishery Industries of the United States, 
prepared through the co-operation of the Commissioner of Fisheries 
and the Superintendent of the Tenth Census, by Gkorgr Brown 
Goopr, Asst. Director U. 8. National Museum, and a staff of 
associates. Section I, Natural History of useful Aquatic Animals, 
a volume of text in 4to of 896 pages, and a second volume of 277 
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plates.—This Report is a full account of the useful aquatic ani- 
mals from both Natural History and industrial points of view, 
and its objects are well carried out. Thirty-two pages and 11 
plates are devoted to the whale, eighty-two pages and 12 plates 
to the seals and walrus, besides a map of the world (plate 24), 
showing their geographical distribution; and with like fulness, 
varying according to the importance of the species, the many 
kinds of edible, or otherwise useful, fishes are described, the 
squids, the common mollusks, such as the oysters, clams, mussels, 
etc.; the Crustaceans, as the. lobster, crabs, prawns, the common 
starfish, ete. 

Reve his contribution to the great and important subject of the 
American Wisheries has been prepared under the supervision, and 
largely the labor, of Mr. Goode, and at the joint expense of the 
U.S. Census Office and the Smithsonian Institution. It is to be 
followed by other volumes on the Fishing Grounds, the Fishing 
Towns, the Fishery Industries, and related topics. 

2. Outlines for a Museum of Anatomy, prepared for the 
Bureau of Education, by R. W. SHuFELpT. 66 pp. 8vo. Dept. 
of the Interior, Washinston, 1885.—The author of this report 
urges the importance of ‘making museums of anatomy museums 
of general structural zoology, and treats of the methods of form-— 
ing them and of the classification that should be adopted. The 
discussion of the last topic occupies the most of the pages; and 
in the course of it, he illustrates, the view that the true order of 
arrangement is that which best shows the successional order and 
relations of the groups and species, and advises as to the species 
in each group that are most illustrative in this and other respects, 
and which therefore should be preferred for a museum. 

3. Harthquakes in New England (Appalachia, 1886, p. 190). 
—Professor W. M. Davis has in Appalachia an interesting map 
of the earthquakes of New England, illustrating an article on the 
subject. 

4. Medals of the Geological Society. —'The Wollaston Gold 
Medal, at the annual general meeting of the Geological Society of 
London in February, was given to the eminent mineralogist of 
France, Professor Des Cloizeaux; the Murchison Medal, to Mr. 
William Whitaker; the Lyell Medal, to Mr. William Pengelly, 
made famous by his investigations of the cavern, Kent’s Hole; 
and the award from the Barlow-Jameson fund to Dr. H. J. 
J ohnston-Lavis. 

5. Medal of the Astronomical Society of London.—The gold 
medal of the Astronomical Society has been given to the Harvard 
astronomer, Professor E. C. Pickering. 

The Auk. The Auk for April, 1886, contains a paper of sixty pages on the 
birds of the West Indies (including the Bahamas and the Greater and Lesser 
Antilles, excepting the islands of Tobago and Trinidad) by Charles B. Corey. 
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“Art. XXXIX.—The Biela Meteors of November 2% th, 1885; 
by H. A. NEwron. 

NUMEROUS notices of the brilliant meteor display of Nov. 
27th (see p. 78) are given to us in the Astr. Nachrichten, the 
Monthly Notices R. A. S., the Observatory, Nature, the Comptes 
Rendus, etc., by observers in various places over the Hastern 
hemisphere. The display in Western Hurope occurred in the 
early evening hours,.and it was reasonable to suppose that the 
shower would be visible over the Hastern Continent wherever 
the skies were clear. This seems to have been actually the 
case, though naturally the most valuable observations were 
made in Western Hurope. There had been preparation for the 
shower by reason of anticipatory notices, especially one in a 
Dun Keht circular. Unfortunately in England, and at a few 
places on the continent, clouds seriously interfered with ob- 
serving, though through breaks in the clouds much was seen 
notwithstanding. 

Time of maximum.—The shower was in full activity in 
Kurope at the close of twilight, and for a while increased in 
intensity. The time of the maximum was estimated. 

At Pulkowa at 8" 15™ 'P. m. t:, that.is, 6° 14 Gr. m. t. 
“« Upsala Ti DBRS) ADA aa Nie Came uoys a (8) Bi 
“ Bonn (cloudy) 6 42 3B. m. t., 
ce 66 6 387 (75 ce 6 11 66 

66 14 6 40 66 
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At Moncalieri the numbers given by P. Denza are: 

62 0™ to 62 15™ Rome m. t. 2800 meteors by 2 obs. 
2 Galore, SOmaee 3100' 2 ney 

Ge SOMAS Gea bey 3400“ Q4 « 
BS Ga Ss 4500 « Suis 
TO ops Tie 6200 « Atos 

The count was continued but clouds interfered. By a table 
quoted below we have for the ratio of the numbers of meteors 
visible to 2, 3 and 4 observers, 633: 836:1000. P. Denza’s 
observations reduced by these ratios show that the display in- 
creased in brilliancy until 7" 15" when the sky became partly 
overcast. The maximum indicated by them was then later 
than 7" Roman, that is, 6" 10" Greenwich time. Professor Zona 
places the maximum earlier. Professor Cacciatori at Palermo 
gives 7* 45™ (that is, 6° 52™) as the time of maximum. But 
clouds are reported during the preceding half hour. Many 
other observers give times of the maximum display which are 
more or less indefinite. We shall assume 6" 15™ Gr. m. t. as 
representing very well the mean of all the observations. h 

Duration.—From the time of maximum the intensity quite 
steadily diminished. The numbers counted at Upsala show 
the course of the shower. The weather was fine and twelve 
observers under the direction of Messrs. Hildebrand-Hilde- 
brandson and Charlier, looking toward different quarters of the 
sky kept count by quarter hours through five hours, with the 
following result (Greenwich time). 

5} to 544, 2545 62" to 74, 3383 842 to 824, 799 
bi “< 54, 2287 Tee 497 82 “© 9 585 
5i “ 53, 2906 Tas Te 9079 9 © gL 502 
538 “6, 3382 qe “< 73, 2995 gL “ 91 345 
6 “ 64, 4213 Tee 11999 oF OS NS0R 
64 “ 64, 4422 SRLS TRG 92 “ 10, 268 
64 “ 63, 3330 gsi “ gh 1341 

The numbers diminished so that at the end of three hours 
from the time of the maximum there were only one-tenth of 
the maximum numbers of meteors. The end of the shower 
was not a definite epoch. Assuming that there was an increase 
during the sunlight and the twilight corresponding to the later 
decrease we may say in general terms that the shower lasted as 
an extraordinary display through six hours. Some of the re- 
ports from observers in Asia give reason to believe that the in- 
crease was less rapid than the decrease. A few Andromeda 
meteors were seen in different places on the night of the 26th, 
28th and 29th, but the number of them on each night was not 
large. 



H. A. Newton—Biela Meteors of Nov. 27th, 1885. 411 

Hourly number of meteors at the time of maximum,—As has 
been noticed in other showers the meteors were not evenly dis- 
tributed in time but came somewhat fitfully. There is more- 
over great discrepancy in the numbers counted by different 
observers. The numbers of persons counting, the precautions 
to prevent duplication, the relative directions in which they 
looked, and the state of the sky are in many cases not given, 
and this renders the comparison of numbers reported from dif- 
ferent places difficult. 

An experiment made in 1865 by the writer gave the follow- 
ing ratios (y) for the numbers of shooting stars seen by from 
one to twelve observers (x). The group of observers is pre- 
sumed in each case to have the points toward which they are 
looking symmetrically distributed over the heavens.* 

x y x y ay Yy 

1. 325 5 1106 9 1399 
2 633 6 1200 10 1451 
3 836 7 1282 11 1509 
4 1000 8 1348 12 1560 

These values of y should increase toward a limit when x 
increases. indefinitely. The limit is evidently more than 2000, 
and as the differences near the end of the table decrease very 
slowly, I do not regard 2400 an extravagant estimate. I shall 
therefore use that factor in some subsequent computations. 

Of the shower of Nov. 27th no published set of observations 
show more completely the course and intensity of the shower 
than those above cited made at Upsala. They imply at the 
maximum an hourly number of 4X4422 x 2400+1560 (that is 
about 27000) for the total nnmber visible at Upsala. They also 
give for the quarter-hour number for one observer at their 
maximum 4422 x 825~+1560 (that is, about 60 per minute.) 

At Marseilles three observers (Stephan, Borrelly and Coggia) 
in several trials counted over 600 per minute, which represents 
253 per minute, for one observer and a fotal hourly number of 
over 100,000. At moonrise (103") there were 50 to 60 a minute 
counted. 

At Palermo the maximum number per minute reported was 
214 for two observers from 7" 43™ to 7) 48", 

At Geneva 55 to 60 a minute were reported. The sky was 
partly clouded. 

* Dr. Kleiber (Astr. Nachr., No. 2621) has given a similar table from some ob- 
servations made by him in 1884 at St. Petersburg. As he has in his discus- 
sion, however, taken every possible combination of his eight observers instead 
of considering such combinations as contain observers looking to different parts 
of the heavens, Dr. Kleiber’s numbers and mine represent different quantities, 
and are not properly comparable. His method of reduction seems to me faulty, 
and to have vitiated his results for practical use. 
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At Glasgow one observer counted 74 in a minute at 6" 10", 
and another counted 100 in a minute at 6" 24™. 

At Greenwich there were 30 to 40 a minute for one observer 
between 6" and 7%. 

From Beyrout, Professor Robert H. West of the Syrian Prot- 
estant College reports in Nature (vol. xxxiii, p. 152): “The 
maximum appears to have been between 8 and 9 o’clock. At 
6" 3™ two observers watching opposite parts of the sky counted 
850 meteors in five minutes. At 72 50™ (5% 30™ Greenwich 
mean time) seven observers divided the heavens among them 
and together counted 525 in one minute. We all agreed that 
we had not been able to count all that we saw, so that this num- 
ber is probably too small. At any rate I do not think the 
number of meteors visible between 7 and 9 P. M. was at any 
time less than 500 per minute. At 10" I alone counted 210 in 
two minutes, facing the north, which was then partially clouded.” 

The number 525 for seven observers corresponds to 525X 
325~1282=133 per minute for one observer, and to a total 
hourly number (computed as before) of 59,000. The count of 
850 in 5™ for two observers represents 87 per minute for one 
observer. 

At Moncalieri the 6200 for 4 observers in a quarter hour in 
like manner represents about 60,000 per hour for the total num- 
ber visible. 

In many other places larger or smaller numbers were reported. 
Over 100 in individual minutes were counted by a single 
observer in several places. It ean hardly be doubted that there 
was a purer sky and so a larger number of meteors visible at 
Beyrout, Moncalieri and Marseilles than at Upsala and Green- 
wich.* In computing the hourly number of meteors visible 
we should choose the clearer rather than the hazy skies. Prob- 
ably it will not be considered unreasonable to assume from these 
observations, that the density of the meteor stream in its cen- 
tral and densest portions may be fairly expressed by 75,000 
meteors per hour visible at one place in a very pure clear sky 
by a very great number of observers. 

By an extended examination of meteor paths it was shown in 
1864 (this Journal, II, xxxix, p. 196) that about one in fifty (one 
in 50°35) of all shooting stars visible at a place should have the 
middle points of their apparent paths within 10° of the zenith. 
The hourly number of meteors within 10° of the zenith at the 
time of the maximum, Nov. 27th, was then 75,000/50, or 
1500. 

*Tt is not reasonable to suppose that the product of the number of meteoroids 
that entered the air near the several places multiplied by the cosine of the zenith © 
distant of the radiant greatly differed. Can a different constitution of the upper 
strata of the atmosphere, by reason of which paths become more brilliant in 
one place than in another be admitted as possible? 
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Following a similar process ot reasoning to that of the arti- 
cle referred to, we may compare the number N of meteor tracks 
which are visible during a given time at one place whose mid- 
dle points are within 10° of the zenith, with the number N’ of 
tracks visible during the same time (not necessarily visible all 
at one place) whose middle points are in a right cylinder of 
circular base whose radius is 7, and whose axis proceeds from 
the observer in the direction of the radiant. The following 
proportion is readily formed : 

b i) b 
NEN’; fx px’ tan’ 10° er pr’ seczdx:stan’ 10°f pax’ dx: 

a al 

in which x expresses the height from the ground of middle 
points of meteor tracks, a and 0 the limiting values of a, z the 
zenith distance of the radiant, and o a factor proportional to 
the mean density of the meteor tracks at different altitudes, 
which is assumed to be a function of « only. 

If we further assume that the values of o in the present 
shower are equal to those used in the memoir cited, and which 
were obtained from all the measured altitudes of shooting stars 
then available, we shall have for o at elevations of 45, 75, 105, 
185 and 165 kilometers the several values 114, 248, 277, 106 
and 57. 
~ Using finite summation for integration we have, 

Zz pAx=197 Ax, and tan* 10° 2x" p 4 2=252930 4 x; 

hence the above proportion gives N’=:00315 Nr” sec z where r | 
is to be expressed in kilometers. 

The radiant at the time of the maximum of the shower was 
vertical over the Caucasus, and the value of sec z for the sev- 
eral stations varied from 1:02 to 1:15. Ishail use the value 
1:08 for sec z, and 1500 for N for an hour. This gives N’= 
5*lr* for one hour, in other words, at the maximum of the 
shower there were 5-1 meteors per hour, the middle points of 
whose visible paths were in a fixed right cylinder whose axis 
was parallel to the relative motion of the meteoroids, and 
‘whose radius was one kilometer. But such a cylinder evi- 
dently received all the meteoroids of a cylinder of nearly equal 
radius located in the meteoroid group, and whose length was 
the hourly motion of the meteoroids relative to the earth before 
the earth began sensibly to attract them. 

The velocity of the Biela meteoroids relative to the earth 
(using the orbit of 1852), is found by Weiss to be °53484. 
(Beitrage zur Kenntniss der Sternschnuppen I, p.11.) The 
earth’s velocity being 29°8 kilometers per second, we get 
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57,300 k. for the meteoroid’s relative velocity per hour. The 
space in the meteoroid group corresponding to each single visible 
meteor was therefore, in the densest portion of the group, a cube 
whose edge in kilometers is the cube root of 57,8007/5:1, that is, 
32°8 kilometers, or 20-4: miles. 

Thickness of the stream of meteors—As the earth has a 
velocity of 18°5 miles a second and its orbit has an inclination 
to the stream of 12° 88’, the earth’s motion perpendicularly to 
the stream is 14,500 miles per hour, or 87,000 miles in six 
hours. The really dense portion of the stream was then less 
than 100,000 in breadth and nearly all of it was included in a 
belt 200,000 miles in thickness. One hundred thousand miles 
subtends at the sun an angle of 3’°7. 

Radiant of the meteors.—Nearly every observer paid special 
attention to the radiant, so that perhaps at no previous time 
has there been so generally an effort to determine its position 
accurately as in the present shower. The result is correspond- 
ingly instructive. I have collected in the following table a 
considerable number of places assigned for the radiant, apply- 
ing ina few cases a correction for precession to reduce from - 
the date of the chart to the equinox of 1885-0. With some of 
these there is given the hour of the evening to which the radi- 
ant belongs, but the larger part are without such an indication. 
Five of them reported by Mr. Denning, at Bristol, are for 
preceding and following evenings. About seven-eighths of these 
tabular places are represented in the accompanying figure, p. 
417, the remaining places being beyond its limit. The Pulkowa 
observations are plotted with R. A. 25°°5. 

Place. Observer. R. A. Dec. 

Agra, Strahan, 26°:2 46° 
Mauritius, near y Andr. 
Beyrout, West, 25°5 43°5 
Athens, Lephay, 21 32 
Pulkowa, Romberg, 24-27 44 

mn Backlund, ete., 24-27 46 
i H. Struve, 24-27 48 
. O. Struve, etc., 24-27 50 
. L. Struve, ete., 22 53 
ce (74 94 44. 

Upsala, Gyllenskiéld, 23°7 44°4 
ce (73 93°3 44°92 

6c ce 91:0 44°92 

ce c¢ 95°6 45°9 

se Fineman, 22°6 41°5 
ss nS 22°15 44°9 

5 21°65 45°4 

sf Charlier, 23°4 45:0 
zh ss 24°6 45°5 
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Place. 

Upsala, 
66 

(74 

Helsingfors, 
Vienna, 
Prague, 

Breslau, 
66 

Tuschkau, 
Konigsberg, 

66 

Leipzig, 
Munich, 
Patenkirchen, 
Bonn, 

66 

Cologne, 
Arnsberg, 
Essen, 
Osterath, 
Malta, 

(74 

Palermo, 
66 

66 

Milan, 
(75 

ce 

Moncealieri, 
6¢ 

(45 

Geneva, 
Deventer, 
Sneek, 
Enscheele, 
Dongen, 
Ougrée, 
Nice, 
Marseilles, 
Grignon, 
Bordeaux, 
Alton, 
Chepstow, 
Bristol, 

Observer. 

Charlier, 
Schultz—Steinheil, 
Meyer, 
Donner, 
Weiss, 
Weinek, etc., 
Safarik, 
Galle, 

Kaschka, 
Rahts, 
Franz, 
Forster, 
v. Sichart, 
Meinardus, 
Bruns, 
Oertel, 
Ward, 
Schonfeld, 
Deichmiiller,; 
Klein, 
Busch, 
v. Heyden, 
Meller, 
Scoles, 
v. Tucher, 
Zona, 

ce 

Ricco, 
Schiaparelli, 

66 

66 

Denza, 
66 

4 

Kammermann, 
Sirks, 
Nyland, 
v. Deinse, 
v. Boxel, 
DeBall, 
Perrotin, 
Stephan, etc., 
Jehl, 
Rayet, 
Howlett, 
Lowe, 
Denning (26) 

R, A. 

23°9 
25°2 
22°05 
22°5 
near 

66 

21°5 
27:1 
UI 
30°8 
23°1 
24°4 
25°7 
25 

17 
22°6 
near 

66 

24°7 
16°4 
near 

22 
30 
24 
21 

Dee. 

47°3 
42°5 
46°4 
53 

y Andr. 
66 

42 

43°9 

43°5 

49°4 

43°8 

44°3 

43°2 

45 

45 

48 

y Andr, 
6C 

44°92 
44°9 

y Andr. 
39 
50 
42 
46 
42°5 
42°6 
41°9 
40°9 
41°8 
41°1 
45 
+4 
42 

44 

43 

42 

4] 

42 
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Place. Observer. R. A. Dec. 

Bristol, Denning (26) 27 43 
ce “c 66 26 43°5 

ac cope 2) 24 43°5 
ce (73 ce 93 45 

cc coer (28) 29 43:5 
« cco (30) 21 49:5 

Harrow, Tupman, 27 44 
sf fs 22°5 45°5 

Greenwich, Nash, 20 49 
Stonyhurst, Perry, 24 41 

- Oxford, Stone, 22°5 42 
s Wickham, 11053 52 
3 Plummer, 21 45 
7 Jenkins, 23 46 

Dun Kcht, Copeland, 25°9 46:4 
Dundee, Smieton, 21 44 
Glasgow, Grant, 24 45°5 
Cape Town, Gill, 39 27 
New Haven, Newton, near y Andr 
Cambridgeport, Sawyer, 22°5 42°5 
Princeton, Young, 27°5 43°5 

The object of forming this table is not to obtain the best 
possible observed place of the radiant. If this had been in- 
tended, there are many indications that some observations are 
entitled to considerable confidence and that some are not much to 
be relied on. The object is rather to bring out distinctly the 
fact that the radiant was not a mathematical point nor even a 
very small area. A considerable number of the observers dis- 
tinctly stated that the tracks did not radiate from a point. 
Some thought there were two or more centers of dispersion. 
The same want of strict radiation from a center has been 
noticed in nearly every star-shower since 1833, the time when 
radiation was first noticed, and is shown equally when the 
tracks near the radiant are charted, and when the observer 
watches the stars near the radiant for the very purpose of 
deciding this question. Of course tracks beginning at a great 
distance from the radiant are of little use in determining the. 
size and shape of the radiant area. 

There are two corrections that should in strictness be applied 
to all these assigned positions, one for the zenithal attraction, 
and one for the observer’s motion with the earth’s rotation. 
The Biela meteors have a slow initial velocity relative to 
the earth, equal to 9°9 miles a second, and the same is in- 
creased before the earth’s surface is reached to about 12 
miles a second. Not a little deviation from the original di- 
rection is by reason of this slow velocity caused by the 
earth’s attraction. The deviation is in the vertical plane, and 
is a function of the zenith distance very much like refraction. 
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The observed radiant is nearer the zenith than the original 
direction with which meteors approach the earth. 
An approximate correction for this cause can be easily com- 

puted. For this we may disregard the height of the air, and 
assume that the meteors come to the ground. Also, the me- 
teors may be regarded as coming in a hyperbolic orbit from an 
infinite distance instead of being only for a finite distance 
within the dominant influence of the earth’s attraction. 

Chart showing the places assigned to the radiant. The cluster is at y Androm- 
ede. The large star is the place of the radiant corresponding to the Biela 
orbit of 1852. 

Let us consider a single meteor that comes to the earth’s sur- 
face, at the observer’s place. The tangent to its path would 
then be directed to the observed radiant of a group that moved 
parallel to this single meteor. Let z be the angle which this 
path makes with the vertical line of the observer and z be the 
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quantity sought, namely, the angle through which the direction 
of path has been changed. The asymptote of the hyperbola 
makes then an angle z+a with the vertical. Let the velocities 
at infinity, at the earth’s surface, and what should be attained, 
at the perigee of the hyperbolic orbit, be respectively v, v, and 
v,; let p, p, and p, be the perpendiculars upon the correspond- 
ing tangents; let g, a, b, and e, be the force of gravity, the 
semi-axes and the eccentricity of the hyperbola; let @ be the 
angle at the earth’s center between the lines to the observer 
and to the center of the hyperbola, a the angle between the 
original direction of the meteor and the conjugate axis of the 
the hyperbola, and + the earth’s radius. 

Then we have, 

by conservation of areas, vp=v,p,=V,P,3 (1) 

by conservation of energy, v,°—v°=2g97, and p,(v,—v’) =297" ;(2) 

a=b tan a, p=b, e=cosec a, 
by nature of the hyperbola, < 7(1+e cos 6)=a(e*—1), (3) 

p=p,(tan a+sec a), (4) 
Also 2 ISIN. 

From (4) P Poo tan a, 
IG AD 

eee Oe 2 D) = and from (1) and (2) a eee 

hence > =p tan a=6b tan a=a. (5) 

Again from (1) and (2) —— ‘1 Hale pays 
e eo v = hi heel ae 

j 29r\4  . 2 4 
hence b=p=rsinz{1+ >” *=sinz(7"+2ar)” (6) 

/ 

es ee : 
and from (3) cose oe Re cos a—sin @. (7) 

Ne is CAN AC HRT, 
1 

But evidently O+2+"2=— +4, (8) 

since each member is equal to the angle between the transverse 
axis of the hyperbola and the asymptote. The equations (5), 
(6), (7) and (8) enable us to compute a, 6, a, @, and x for given 
values of z. Taking g=32°12 feet, 7=3956 miles, v=9-9 miles, 
we obtain this table of values of x with argument z. 

2 be @ zx, @ az 

POs wen nlicn Os LUGE Derek“! TOs sie SeaenOn 
20 rank 50 Vi) 80 9 35 
30 33 60 6 36 90 11 22 

Hence we may say that the earth’s attraction changes the 
radiant of the Biela meteors toward the vertical of the observer, 
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one-tenth of the observed zenith distance of the radiant. When the 
radiant is near the horizon the change is somewhat greater 
than one-tenth of the zenith distance. 

The radiant was to the east of the greater number of ob- 
servers until the shower had nearly ceased, and the correction 
‘would be generally under 2°, though in some cases exceeding 
that amount. 
A second correction to the observed place of the radiant is 

required by reason of the motion of the observer due to the 
rotation of the earth on its axis. This correction must be ap- 
plied before the observed places can be compared with each 
other, or with a radiant deduced from the orbit of a comet. 
For the Biela meteors this may be easily shown to be about 
1°-0'xsine of the arc from the east point of the heavens to the 
radiant and is to be applied to increase that are. It is nearly 
constant for the European observations in the table. 

These two corrections do not appear, however, to bring the 
scattered radiant positions any nearer together. We cannot, 
therefore, regard the earth’s attraction and rotation as having 
much to do with their wide distribution over the constellation 
from which the meteors proceed.* : 

The luminous portions of meteor tracks are usually to the 
eye arcs of great circles. It is only in rare cases that the path 
appears curved. The luminous paths of the meteors were 
therefore straight lines, but were not parallel lines, for had they 
been parallel, the radiant should be a mere point, and not an 
area. How much they deviated from parallelism it is not easy 
to determine with exactness. That their directions differed 
from the average direction of the group by angles which for a 
considerable fraction of the whole numi.er of meteors amounted 

to several degrees, seems a proper and necessary inference from 
the wide scattering of the radiant points as described by the 
observers and represented in the figure on page 417. Mr. 
Denning says (Mon. Not. R. A.S., xlvi, p. 69), “The area of 
radiation must have been fully 7° in diameter to accommodate 
the discordances in the flights. The center was at 24°, +44°, 
but I saw several very short paths from a point south of 7 
Andromedez. I noted many of the meteors with the utmost 
care in order to assure myself of the diffuseness of radiation, 
and it was found impossible to get a sharply defined position. 

* Since writing the above, Professor Foerster’s paper, in No. 2720 of the Astr. 
Nachr. containing a discussion of thirty-two assigned positions of the radiant in 
this shower has been received. He applied the above two corrections to the 
observed places, and gives the reduced K. A. and declination of each assigned 
radiant. If the means of the observed R. A.’s or declinations be taken, and their 
deviations from the observed added together (neglecting sign), the sum is 97°°7. 
But if the corresponding sum of differences be taken for his reduced places, the 
sum is 98°°8. In other words, the radiants are equally scattered before and after 
correction. 
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The contrary effect was indeed so obvious as to arrest the eye 
whenever simultaneous bursts of about six or seven meteors 
took place near the radiant. It was then seen that the collect- 
ive flights were not symmetrical emanations from a central 
point. They rather appeared to be discharged in a loose, dis- 
jointed fashion from a comparatively large space on the N.W. 
region of 7 Andromede, and just perhaps enveloping that 
star within its limits.” Similar testimony is given by other 
observers. ; 
We must then accept one of two propositions: either the 

luminous paths are not true continuations, unchanged in direc- 
tion, of the orbital paths of the meteoroids as they approach the 
earth; or else these orbital paths make angles of several degrees 
with their mean direction. The first alternative seems the 
more probable. 

The meteoroid is probably a fragmentary body of irregular 
form. The meteorites which come to the ground are fragments, 
and nothing in their structure suggests a spherical or otherwise 
regular form upon entering the air. A small irregular body 
could not traverse with great velocity a fluid, even a fluid of 
extreme rarity, without there being developed such unsymmet- 
rical resistance as would cause a curvature of path or glancing 
of the stone. This unsymmetrical resistance would continue 
so long as the stone retained its original irregularity. But in 
time the condensed air in front of the stone becomes hot 
enough to melt or burn off the stone. The thin angles in front 
must of course burn first. The melted matter being wiped off by 
the atmosphere, the anterior surface is rounded in such manner 
that the resistance of the air upon the stone becomes symmet- 
rical. henceforth the path, now a luminous trail, is In gen- 
eral a right line. Curvature of path is an exceptional instead 
of an ordinary occurrence. 

This rounding of one or more sides of the body is very 
clearly shown in many meteorites. Thus the Emmet Co. me- 
teor broke into a very great number of large and small irreg- 
ular fragments, and the small fragments retained enough veloc- 
ity to burn after leaving the parent mass. Rounded surfaces 
evidently produced by the melting and wiping off of the mate- 
rial by the air are characteristic of these smaller pieces, several 
thousands of which have been collected. 

The alternative proposition is that each luminous path is a 
portion continuous in direction, of the meteoroid’s orbit about 
the sun and earth. Upon this hypothesis the orbits of different 
members of the group are not parallel, but the motions relative 
to the earth differ in direction by angles which amount in some 
cases to many degrees. The mean of the deviations from a 
common direction would be measured by degrees and not by 
minutes. 
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Suppose the directions of the luminous paths regarded as 
right lines to be first corrected for the earth’s attraction and 
rotation as heretofore indicated, and the corrected lines to be 
produced indefinitely. They will intersect the celestial sphere 
in and near the constellation Andromeda. The most of the 
points will lie in an area comparable in size with the area 
dotted over by the assigned radiants, as shown in the figure on 
p. 417. Probably the points would be somewhat more widely 
distributed than the assigned radiants, 
since these latter are centers of radiation 
deduced each from many observed 
paths. Let an area R. be taken on the 
celestial sphere that shall contain the 
principal part of the points so deter-, 
mined, an area that for convenience may 
be taken of an oval form. To this area R corresponds a second 
area R’, sucn that R’ bears the same relation to the motion of 
the meteoroids relative to the sun as R does to the undisturbed 
motions relative to the earth. The area R’ may be thus con- 
structed. et P be the point of the celestial sphere from 
which the earth is moving. To any point in R will correspond 
a point in R’ co-planar with P and conversely. Hence great 
circles from P touching R will be tangent to R’. If wu be the 
earth’s velocity, and v the meteoroids’ velocity relative to the 
sun (which may be assumed to be the same for all the meteo- 
roids), then by the law of composition of velocities, vy: u::sin 
PR:sin RR’. The dimensions of R’ for the Biela meteors will 
be easily found to be in one direction about 4, and in the other 
about % of the dimensions of R. Therefore for the shower of 
Noy. 27th, R’ is measured by degrees rather than minutes. 

If the orbits of the Biela meteoroids were nearly (or quite) 
co-planar the area R’ would be a narrow oval (or a mere line). 
And if S be the earth’s place as seen from the sun at the time 
of the shower the major axis of the oval (or the line) would be 
co-planar with 8S. 

But to each point in R’ corresponds a point in R, and if R’ 
is a narrow oval (or Jine), R will also be a narrow oval (or line, 
which would be in fact, a portion of a sphero-conic). The 
lengths of lines in K will be to the lengths of corresponding 
lines in R’ in ratios not much greater than 9:4, nor much less 
than 3:2. 
Now the thickness of the dense part of the stream subtends 

at the sun as was seen, an angle of about 3’"7. Therefore, 
either there is something like a nodal point of the meteoroid 
orbits near where the earth’s orbit cuts them, or else the devia- 
tion of the planes of the orbits from their mean plane is 
generally not greater than one-half of 3’"7. Because a large 
group of orbits whose planes intersect the mean plane at angles 
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near 90° distant from where the shower happened would give 
a stream of meteors nearly equal in tiickness to the radius of 
the earth’s orbit into twice the hmiting angle of the inelina- 
tions of the individual orbits to the mean orbit. 

Unless therefore there is a nodal region for the several orbits 
near the ecliptic the area R’ must have a breadth not much 
greater than 37, and consequently R a breadth not much 
greater than 6’ or 8’ in a northerly and southerly direction. 

Again if the meteoroid orbits are nearly co-p:anar, and we 
compare two orbits corresponding to two points at the extremi- 
ties of the narrow area R’, it is easily seen that the tangents to 
these two orbits make an angle with each other equal to the 
length of R’. Now if two equal elliptic orbits of great eccen- 
tricity and a common focus cut each other at a small angle 
near perihelion the lines of apsides of the two orbits make an 
angle with each other, nearly twice that made by the orbits 
themselves at their intersection. Hence the major axes ot the 
two orbits corresponding to the two extremities of R’ make an 
angle with each other nearly double the length of R’, that is, 
nearly the length of R. That is, if R is several degrees long 
H. and W., the lines of apsides of the meteoroid orbits are dis- 
tributed over several degrees. The group itself therefore must 
have enormous extent nearly in the mean plane, especially at 
aphelion. This would be true even if we suppose that the 
orbits have a nodal point at the place where they cut the 
ecliptic. Such scattering seems inconsistent with present com- 
pactness of the group, and a common history. 

That there should be nodal points, either of inclination of 
planes or of intersection of orbits, where the earth cuts the 
meteoroid stream might be supposed possible if we had but 
one meteor-swarm to consider. But the same hypotheses must 
be for like reasons extended to the Leonids, and Lyraids, and 
perhaps to the Perseids. Unless the earth has been the con- 
trolling body in the history of all these swarms such hypotheses 
are violently improbable. 

The more reasonable explanation therefore of the large area 
of radiation of the meteors of the Biela and other star-showers 
is the glancing of meteors on entering the air. The burning 
off of the angles of the solid fragments as soon as burning 
begins makes them move in straight lines thereafter. The 
curvature of path otherwise should continue through the whole 
length of the luminous tracks. 

This glancing is not confined to the Biela meteors. It was 
true of the Leonids and still more of the Perseids. It is rea- 
sonable to assume that it is true of all shooting stars. It is not 
therefore as simple a matter as some have supposed to separate 
meteors into groups, alloting them to different radisnt points, 
or to establish the persistency or change, of such points. 
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To the uncertainty of the observation of a path, which with 
the very best observers amounts to two or three degrees, is to 
be combined this uncertainty of the amount and direction of its 
early glancing, which amounts also to several degrees. Besides 
all this there is the uncertainty due to the fact that any point 
above the horizon in a meteor path produced backward may 
have been its radiant. Any radiant that has been determined 
from a small number of paths must be very unreliable, and if 
the observations of the paths themselves have not been pub- 
lished the value of such determination as a contribution to 
astronomy is still farther diminished. 

Movement of the nodes of the comet's orbit, and corresponding 
change of date of the shower.—The longitudes of the nodes of the 
orbit of the comet were greatly changed between its discovery 
in 1772 and its last appearance in 1852. ‘The earth at first 
passed the node in the second week in December, but a change 
of ten or twelve days had brought it down to Nov. 27th before 
1852. 

The following table contains the longitudes of the nodes of 
the orbit reduced to the equinox of 1885-0, together with the 
inclination of the orbit to the ecliptic, for the successive appear- 
ances of the comet. The corresponding quantities for 1859 and 
1866 are added from the orbits computed by Michez, the com- 
putation having taken account of the changes of these quanti- 
ties in the interval from 1852. Since 1866 the perturbations of 
these quantities have been small, since Jupiter has not been at 
any time very near to the comet. 
Longitudes of the nodes and inclinations of the orbit of Biela’s comet at its successive 

appearances. 

Year. Q a Year. Q z Year. $2 t 

fo} (eo) fo} fo} 

1772 258°7 2, 1859 24671! 12°4 
° ° 

171 1833 249°0| 13 
1806 252°4 | 13°6 1846 ne 12 

12 
1866 246°0 | 124 

1826 | 251:2| 13-6 | 1852 | 246-3 | 
6 
6 

With the progression of the node corresponds a progression 
of the star-shower, and with the change of inclination corres- 
ponds a change of radiant to the south. In 1798, on the even- 
ing of December 6th, Brandes counted for about four hours as 
many as 400 shooting stars. They diminished rapidly after 10 
o'clock. In 1838 Mr. Herrick, on the evening of December 
7th, with an assistant, counted 93 meteors in an hour radiating 
“from a spot not far from Cassiopeia; or perhaps, more nearly, 
from the vicinity of the cluster in the sword of Perseus. The 
radiant, however, could not well be fixed within three or four 
degrees.” Observations at New Haven and elsewhere show that 
the maximum was on that evening. In 1847 Professor Heis at 
Aix la Chapelle observed on the evenings of December 8th 
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and 10th and recorded 226 meteors, a portion of which he has 
classified as radiating from R. A. 22°, Dec.+55°. If from the 
meteors recorded by him on those two nights we select all those 
whose paths produced backward would pass near Cassiopeia or 
Andromeda, and at the same time make a considerable angle 
with the meridian, we have about 27 which cross the 20° hour 
circle north of 50° declination, and 9 south of 50° declination. 
The large north declination of 55° assigned by Heis for the 
radiant is, therefore, required by the paths as recorded. There 
is no indication of the time of maximum. In 1867, Zezioli 
on the evening of November 30th, saw seven meteors, which 
Schiaparelli assigns to the radiant, R. A. 17°, Dec. +48. 

The great shower of 1872 had its maximum at Nov. 27°34, 
Gr. m.t. The mean of 90 assigned radiants considered as 
single points was given by Professor A. S. Herschel as R. A. 
24°'54 Dec. +44°-74 (Monthly Notices R. A. S., xxxii, p. 504). 

The longitude of the earth at the times of these several dates 
is given in the following table (equinox 1885-0): 

Table of sun’s longitudes at the dates of meteor displays. g play 

Year. Long. © Year. Long. © Year. Long. © 

1798__.-256°2 1847___.257°7 1872__..246°1 
L838 S222 25691 1867__..248°4 1885 __..245°8 

Since the Biela meteoroids are encountered at the descending 
node of the comet’s orbit, the longitude of the ascending node 
and the longitude of the sun are quantities to be compared. 
It will be seen at once that on the first three of the six dates, 
viz: 1798, 1838, and 1847, the sun’s longitude was about that 
of the node of the comet’s orbit in 1772, differing from it by an 
amount easily explained by the action of Jupiter at some dis- 
tance. On the contrary, the few meteors seen by Zezioli and 
the two grand meteor showers of 1872 and 1885 are related to 
the orbit of the comet since its near approach to Jupiter in 
1841-42. 

The change of declination of the radiant shows the same fact. 
Professor Weiss gives the radiants for the Biela orbits as fol- 
lows (eq. 1850) [Beitrage, etc., p. 15]: 

Year 1772 R. A. 18°7 Dec. +58°1 
“ 1826 “~ 99-8 cA 
“ 1852  O3+4 “443-0 

The meteors of the years 1838 and 1847 have a radiant cor- 
responding very well with that of the 1772 orbit, while the 
radiants of 1867, 1872 and 1885 are well represented by that 
belonging to the orbit of 1852. 

The comet approached Jupiter and was greatly perturbed in 
1794, 1831, and 1841-42. It is very difficult to conceive of 
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any way in which the meteors of 1872 and 1885 could be sent 
around in such a thin stream as we encountered, and one so 
near to the plane of the comet’s orbit, unless they were a very 
compact group, and were also very near to the comet, as late as 
its near approach to Jupiter in 1841-42. If they left the 
comet before that time the effect of Jupiter would not be the 
same on the meteoroids as on the comet, and if they at that 
time formed an extended group, such disturbance as the comet 
suffered would have scattered the group, and we should have 
had a much less brilliant star-shower in 1372 and 1885. 

Assuming, then, that the comet and the meteoroids were very 
near each other, if not united, at the date 1841-5 it seems pos- 
sible to compute the disturbing forces and the resulting orbit 
along which some of these bodies traveled from that date until 
they met the earth in 1872, and also the orbit alone which 
others traveled to meet the earth, Nov. 27, 1885. The ob- 
served orbits of the double comets in 1845-46 and in 1852 
furnish the basis of such a computation. Possibly the result 
will give evidence for or against a resisting medium in the 
solar system. 
Weare moreover entitled to conclude that the process of 

disintegration of the comet is quite rapid. ‘he non-appear- 
ance of the comet in recent years has like significance. 

The following is a summary statement of conclusions: 
1. The maximum of the shower was near 6" 15™ Gr. m. t. 
2. Three hours after the maximum the numbers of meteors 

had diminished to one-tenth the maximum number, and it is 
not unreasonable to assume six hours as containing the princi- 
pal part of the shower. 

3. The total hourly number of meteors visible at one place 
in a very clear sky, to some one or other of a very large group 
of observers may at maximum be regarded as 75,000. 

4, In the densest part of the meteor stream where and when 
the earth encountered it, the space that corresponded to each 
meteoroid was equal to a cube whose edge was about 20 Hng- 
lish miles. 

5. The dense part of the stream was not over 100,000 miles 
in thickness. 

6. The zenithal attraction of the Biela meteors was about one- 
tenth of the observed zenith distance of the radiant. 

7. The radiant was an area several degrees across. 
8. It is reasonable to suppose that the meteoroids while in 

the upper part of the atmosphere, before the paths become 
luminous, change direction by a glancing, due to irregularity’ 
of form. After the resistance has developed heat enough to 
melt or burn off projecting angles of the stones, and the tracks 
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become luminous, the forms of the bodies become rounded in 
front, and the paths described are straight lines. 

9. The meteoroids encountered by the earth on the 27th of 
November, in 1872, and in 1885, did not leave the immediate 
neighborhood of the Biela comet earlier than 1841°5, and may 
be treated as having at that time orbits osculating that of the 
comet. The determination of the paths of these meteoroids 
through their five and seven last revolutions about the sun 
seems to be a problem capable of complete solution. 

Art. XL.—The Ultra-violet Spectrum of Cadmium; by Louts 
BELL, Fellow in Physics of the Johns Hopkins University. 

As the ultra-violet spectrum of cadmium has long served as 
a standard of reference in the measuring of other spectra it has 
seemed desirable to determine its principal wave-lengths with 
an accuracy greater than has been heretofore reached. Thus 
far all determinations of ultra-violet wave-lengths have de- | 
pended, in general, upon the method devised by Cornu, that of 
photographing upon the same plate the lines in question and a 
series of direct reflections of the slit corresponding to known 
angles of deviation. 

While this process is an ingenious one and has done good 
service in preliminary work, it is clear that the accuracy of 
which it is susceptible is decidedly limited. For in the first 
place it is liable to the errors that always attend the determina- 
tion of an angle by a small number of measurements and in 
addition to the numberless minor difficulties that must attend 
the taking and measuring of small photographs when the dis- 
persion used is not large and the focussing is mainly a matter 
of experiment. A casual examination of the wave-lengths 
given for the same lines by various experimenters will give a 
clear idea of the difficulties and faults of the method. Even 
the numbers given by such careft] workers as Cornu and Hartley 
not infrequent! y differ by as much as one part in five thousand. 
A radically different method has been used in making the 

determinations reported in the present paper. The apparatus 
used has been the great spectrometer in the physical laboratory 
of this university, armed with a concave grating of twenty-one 
feet focal length and containing, in the space of six inches, 
nearly 80,000 lines. An idea of the dispersion produced by 
this instrument may be formed from the fact that photographs 
taken directly in the focus of the third order are on a scale 
somewhat larger than that of Angstrém’s map. An eyepiece 
micrometer with a very accurate screw two decimeters in length 
answers for the exactness of all measurements made in the vis- 
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ible spectrum. As the overlapping spectra of different orders 
are focussed in precisely the same plane, and the great focal 
length of the grating ensures a perfect focus in. photographs 
over a foot in length, the method of coincidences can be used 
with the greatest exactness throughout the ultra-violet. 

in using this apparatus the method employed was in detail 
as follows: 

The first step was to determine with the greatest possible 
accuracy, the wave-lengths of the principal visible lines in the 
spectrum of cadmium. As the source of light, poles were made 
from cadmium which had been subjected to fractional distilla- 
tion in vacuo, and the spark taken between them from a good 
sized induction coil furnished with a quart Leyden jar and 
worked by twelve Bunsen cells. The poles were separated 
somewhat over a millimeter and placed as close as possible to 
the shit. The slit also received the image of the sun from a 
heliostat and quartz lens and was closed until either the solar 
or the cadmium spectrum could be seen with equal sharpness 
of definition. Then the cadmium line to be measured was 
put near the center of field of the eyepiece micrometer and 
micrometer readings were taken on solar lines of which the 
wave-lengths were very accurately determined. When the 
place of the cadmium line was reached the sunlight was cut 
off for a moment and a reading was taken on the cadmium. 
Then the light was readmitted and the measurements on the 
solar lines continued. 

This process was repeated several times and since the utmost 
care was taken that the light from the poles and from the sun 
should fall upon the grating in exactly the same manner, the 
micrometer readings gave the wave-length of the cadmium line 
with a very high degree of accuracy. The error of a wave- 
length thus determined can in no case be as great as one part 
in a hundred thousand, and usually it is much less. Inde- 
pendent measurements made on different days do not differ by 
more than this amount. 

The solar lines on which the exactness of the work depends 
are determined to one part in half a million so far as relative 
wave-length is concerned. The cadmium lines thus measured 
were seven in number, and had wave-lengths, 6438°77, 53838°50, 
5379°22, 5086°09, 4800-15, 4678°39, 4414:19, being Mascart’s 
first seven lines. 

Next in order came the determination of the extreme ultra- 
violet rays. Cadmium fortunately has a very prominent group 
of lines near wave-length 2300. ‘Therefore a photograph of the 
last three lines mentioned above, taken in the first order, would 
include this ultra-violet group in the second order. And since 
both orders were in focus together, the wave-lengths could be 
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very exactly determined by a simple linear measurement. 
Several photographs of this region were taken, and measured 
very carefully by means of a dividing engine provided with an 
accurate screw and reading microscope. To make sure of accu- 
racy the slit was narrowed until only the strongest lines ap- 
peared, while the definition was exceedingly sharp. Five 
strong Jines were thus measured, taking mean of measurements 
from four negatives, with the following resulting wave-lengths, 
23821:14, 2312°83, 2288-01, 2264°88, 2264-42. It is highly im- 
probable that these are in error by as much as one part in fifty 
thousand. The last two lines of this group form a sharp double 
which with the dispersion and resolving power usually em- 
ployed appears as a single strong, broad line with a conspicu- 
ous nimbus, Maseart’s twenty-fourth line. 

Having thus determined both ends of the spectrum with a 
satisfactory degree of exactness, the next step was to connect 
them by a series of negatives overlapping each other considera- 
bly and sharp enough to yield accurate measurements for the 
positions of the principal lines. As the only object in view 
was the determination of a series of standard wave-lengths, no ~ 
attempt was made to photograph the fainter lines, but the slit 
was narrowed to secure the best definition practicable. 

The main difficulty to be met in photographing spark spectra 
with the concave grating is lack of light. In spite of the large 
size of the grating its great focal length reduces the light so 
much that with the spark apparatus available it was best to 
photograph mainly in the first spectrum, although several nega- 
tives were taken in the second as a check upon the work. A 
string of seven negatives was then taken, overlapping by a con- 
siderable amount, and covering in all a space of about 90™. 
Besides these, odd photographs were taken in both the first and 
second orders, to secure sufficient checks. 

These photographs were then placed on the dividing engine 
previously mentioned and measured with the utmost care, each 
measurement being repeated several times independently. 
Various portions of the screw were used to eliminate errors, 
and the measurements were made as nearly as possible at the 
same temperature, so that errors due to expansion of the glass 
became practically inappreciable. The dispersion used was so 
ereat that one millimeter on the negative equalled 2°72 tenth- 
meters of wave-length, so that a small error in measuring could 
produce buta slight difference in the resulting wave-length. In 
fact, very good results could be obtained by simply measuring 
the photographs with an accurate scale, wave-lengths thus ob- 
tained agreeing to within one part in ten thousand. In case of 
each line measures were taken from both ends of the spectrum, 
and they agreed so closely that the probable error of the deter- 
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mination was in every ease less than 0:1 tenth meter, and in 
many cases decidedly less. 

The series of photographs contained about forty lines, of 
which some thirty were distinct enough to admit of accurate 
measurement. One or two of this number were somewhat 
troublesome on account of being quite nebulous, particularly 
one or two lines in the extreme ultra-violet. Some of the 
fainter lines were omitted and the total number of lines accu- 
rately determined in the entire spectrum was thirty, of which 
the wave-lengths are subjoined. - The first column contains the 
values thus obtained, while the second and third respectively 
contain the values given by Hartley and by Cornu. ‘The vis- 
ible lines are included in the table. 

Bell. Hartley. Cornu. 

6438°77 
5379°22 

5358°50 

5086°09 

4800°15 4799° 
4678°39 4676°7 
4414°19 4414°5 
3611°75 3611°5 
3609°39 3609°6 3609° 

3534-69 3535-0 
3466°70 3466°8 
3465°22 3465°4 3465°5 

3402°68 3402°9 3401°5 

3260°12 3260°2 

3251°77 38251°8 

3249°40 3249°5 3247° 
3084°28 3084°3 

2979°87 HOA) 
2880°25 2880°1 

2836°45 2836°1 

2748°45 274777 2747°7 
2572°95 2572°2 2572°3 
2329-22 2329°5 

2321°14 2321°6 
2312°83 2313°6 2313°5 

2288°01 2288°9 
2264°88 
2264°42 2265°9 (mean) 2265°5 (mean) 
2193°98 2196°4 2194°5 

2143°75 2146°8 2144: 

In comparing these values it must be borne in mind that the 
determinations of absolute wave-length on which they are 
based are not the same, since the author’s work is founded on 
the scale of Professor Rowland’s photographed map. This is 
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based on a measure of absolute wave-length made by Mr. C. 
S. Pierce, which gives for D, 5896:22 against 5895:13 given by 
Angstrom. Although the details of Pierce’s work have never 
been published, it is without doubt far more accurate than 
Angstrom’s. Pierce’s value, however, is somewhat too large. 

If this difference of scale be taken into account the figures 
are brought into somewhat better accord, though there will 
still remain discrepancies. From the fact that these occur in 
parts of the spectrum where the author’s measurements were 
direct and particularly free from sources of error, it seems prob- 
able that many of them may be due to the unavoidable errors 
in working with small apparatus by a method which several 
sources of uncertainty tend to vitiate. 

Most of the wave-lengths determined in the present researeh 
are probably correct to within one fifty-thousandth part of their 
respective values, and probably in no case does the error reach 
0-1 tenth meter. A greater degree of accuracy can be attained 
only by the use of a spark apparatus powerful enough to allow 
one to photograph freely in the higher orders. ; 

The photographs were all taken on Stanley instantaneous dry — 
plates, developed by the ordinary ferrous sulphate process. 
The average exposure was about thirty minutes. Thanks are 
due to Mr. C. T. Child for efficient aid in the photographic 
part of the experiments. 

A number of interesting points were noted during the pro- 
gress of the work. The relative intensities of the lines, while 
they agree upon all the negatives, often do not agree with 
Hartley’s estimates. This is probably due to the individual 
peculiarities of the gratings, and shows how fallacious all such 
estimates are lable to be unless made on the same apparatus. 
It was curious to note how little the sensibility of the plates 
decreased, even in the extreme ultra-violet. The curves ordi- 
narily given for the sensibility of silver salts apparently depend 
on sunlight, and hence really represent not so much the sensi- 
tiveness of the salts employed as the intensity of the solar 
spectrum after absorption by the earth’s atmosphere. While in 
photographing the solar spectrum the time of exposure in- 
creases very rapidly in the ultra-violet portion, it must have 
been noticed by every one who has photographed metallic 
spectra that there is little trouble in reaching w. |. 2000. This 
fact is brought out with peculiar force in the author’s negatives 
of the superimposed spectra of the first and second orders. 
Taking into account the fact that the first spectrum is some- 
what the brighter there is really little difference in intensity 
between w. 1. 4800 and w. 1. 2200. The maximum intensity 
seems to,be between w. |. 4000 and w. 1. 8600 and at w. 1. 
2200 it appears to be about half the maximum. These are of 



L. Bell —Ultra-violet Spectrum of Cadmium. 431 

course only rough approximations, but they are sufficient to 
raise some rather interesting questions. 

The great resolving power of the apparatus used in these ex- 
periments resulted in the discovery of several new double lines, 
notably the one at w. |. 2264, of which the components are 
quite sharp and of about equal intensity. A negative in the 
second spectrum showed lines w. 1. 2979°8 and w. |. 2880-2 to 
be also doubles, each of them having a faint component on the 
side of greater wave-length. And this discovery brings out a 
rather striking analogy. The group having wave-lengths 2979, 
2880 and 2836 and the prominent group of wave-lengths 3611, 
3609, 3466, 8465 and 8402 are in relative distances, character 
and intensity, almost precisely alike. In each the first two 
lines are double and in each case the fainter component has the 
greater wave-length. 
Now turn to the spectrum of zinc. The most prominent 

group in the ultra-violet is a triplet of wave-lengths, 3344, 
3301, 3281. And further in the ultra-violet is another group, 
of wave lengths 2800, 2770, 2754, closely resembling the former 
in arrangement. If now these be compared with the cadmium 
groups before mentioned, the close analogy is at once apparent. 
Hach zinc group has an analogue in the cadmium spectrum, 
somewhat expanded and of greater wave-length, but very sim- 
ilar in grouping and general character. A photograph of the 
former zine group was taken in the second spectrum which dis- 
closed the fact that, as in the corresponding cadmium group, 
the two first lines were double, each with a faint component 
on the side of greater wave-length. Ciamician has pointed out 
a similarity in the visible spectra, and as the spectra are more 
thoroughly examined the analogy becomes all the more strik- 
ing. Plot to scale these zine lines: 6360, 4924, 4911, 4809, 
4722, 4679, 3344, 3301, 3281, 2800, 2770, 2754, 2557, 2501, 
and the following cadmium lines, 6438, 5338, 53879, 5086, 4800, 
4678, 3609, 3465, 3402, 2979, 2880, 2836, 2748, 2572, and the 
extraordinary resemblance between the spectra is evident. So 
striking is it that it can hardly have escaped notice, but the 
discovery of the double zine lines noted above so emphasizes 
it that it is worthy of more than passing attention. The re- 
semblance extends not only to the grouping of the lines but to 
those individual peculiarities that every spectroscopist knows to 
be almost as characteristic of certain lines as their wave-lengths. 
In both spectra it is analogous lines that are longest in the 
spark, that are reversed in the sun, and that are most persistent 
in dilute solutions. Certain it is, that zinc and cadmium must 
have some great similarity in atomic structure, and the extent 
and meaning of this is a subject by no means unworthy of 
investigation. 
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Art. XLI.— Communications Jrom the U. 8. Geological Survey, 
Rocky Mountain Division. VII. On the Occurrence of Topaz 
and Garnet in Lithophyses of Rhyolite; by WHITMAN CROss. 

(Read before the Colorado Scientific Society, March 1, 1886.) 

In this Journal for February, 1884, I described the oceur- 
rence of minute crystals of topaz in the small drusy cavities of 
a coarsely crystalline rhyolite from Chalk Mountain, by Fre- 
mont’s Pass, Colorado.* This was then supposed to be the 
first published description of the occurrence of topaz in such 
a manner in any eruptive rock, and especially noteworthy in 
one of probable Tertiary age, but it has since then transpired 
that the beautiful garnets and the rarer associated topaz from 
Nathrop, Colo., which have been sold in the mineral stores of 
Denver for two or three years past, present a second occur- 
rence and that published mention of the same had already been 
made by J. Alden Smith in the biennial ‘‘ Report on the Devel- 
opment of the . . . . Resources of Colorado, 1881-2,” p. 36. 
Mr. Smith mentions a dike of an eruptive rock in the Archean 
on the east bank of the Arkansas river, opposite Nathrop 
station on the Denver and Rio Grande R. R., Chaffee Co., and 
says that ‘‘a large part of it is composed of cellular pumice of 
a light gray color. In the cavities are beautiful crystals of 
topaz. . . .. Associated therewith are many small dark red 
garnets.” In the Catalogue of Minerals (1. ¢.‘p. 157) topaz is 
mentioned ‘‘in trachyte, near Nathrop.” While I had examined 
many small specimens from Nathrop previous to the deseription 
of the Chalk Mountain occurrence, the gangue rock was so 
poorly represented by them that its nature as an eruptive rock 
was by no means clear, and the meager and somewhat inaccu- 
rate statements of Mr. Smith escaped attention. 

Last October I had opportunity of visiting the locality at 
Nathrop, obtaining fuller information concerning the occurrence 
of the rhyolite, and a suite of specimens illustrating the same, 
together with the contained minerals. 

Mode of occurrence of the Rhyolite—The rock alluded to by - 
Mr. Smith occurs directly opposite the station of Nathrop, form- 
ing a ridge about one quarter of a mile in length and 200 feet 
in height, running parallel to the river on its eastern bank. 
North of this ridge and separated from it by a stream bed isa 
second ridge of rhyolite, of somewhat greater extent. A third 
and smaller ridge of the same rock occurs on the western bank 
of the river, near the railroad, and in this are stone quarries 
now in operation. The common trend of these ridges is about 

*Also in Bulletin 20, U. S. Geological Survey, 1885, p. 81. 
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N.W.-S.H. Nearly vertical planes of contact with gneiss are 
shown in one or two places, but the valley alluvium surrounds 
the masses for the greater part. Between the first and second 
ridges and east of them are more or less stratified pink or 
whitish rhyolitic tufa beds, containing bowlders of Archeean, 
rhyolite, and other eruptive rocks. This tufa is no doubt geo- 
logically connected with that occurring quite extensively 
among the low Archean hills on the east bank of the Arkansas 
between Nathrop and Salida. The rhyolite ridges themselves 
seem from present appearances to be short dikes. 

The Rhyolite—The rock of the ridges mentioned varies some- 
what in appearance, but cavities containing topaz and garnet are 
common to all, though most numerous and best developed in 
that mass referred to by Mr. Smith, which will therefore be first 
described. 

The greater part of the ridge in question is made up of a 
white or grayish, more or less banded rhyolite, which is as a 
rule so compact that no constituent minerals are recognizable. 
The banded structure is produced by the alternation of light 
and darker gray layers, and is oceasionally emphasized by thin 
bands of crystalline quartz or by an equivalent of the latter in 
the shape of exceedingly flattened cavities, lined by crystals of 
the same mineral. In this portion of the rhyolite no glass is 
visible, but in certain places, particularly at the south end of 
the dike and on its eastern side, there isa development of gray 
pearlite, more or less cellular and usually containing round par- 
ticles of a black obsidian, somewhat larger than a pea. Whether 
these vitreous portions are contemporaneous with the banded 
rock, or represent somewhat later injections of corresponding 
magma, could not be definitely determined, owing to the débris- 
covered slopes and the limited time available for their examin- 
ation. It seems most likely, however, that they are merely 
local phases of consolidation of the same magma as the compact 
banded portions. 

Throughout both these types of rock are numerous cavities 
which in many cases represent very well the peculiar vesicles 
a accurately described by Von Richthofen and called by 
im 
Lithophysen.—These are more or less round cavities, partially 

filled by thin curved walls, which, by a concentric arrangement 
and an overlapping, produce rose-like forms. In the present 
case these folia are often not very well developed and appear as 
low curved projections on the outer walls. Again, a cavity 
may be nearly filled by a series of concentric shells. The outer 
walls and the leaves of the calyx-like lithophyses are usually 
lined by glassy quartz crystals of minute size, with prism and 
pyramid. The former being clearly striated, the latter showing 
the hemihedral forms quite evenly balanced. 
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The rock of the other ridges mentioned is distinetly porphy- 
ritic in structure, showing small glassy sanidines and dark 
smoky quartz crystals imbedded in a predominant dull gray 
groundmass. Small lithophyses occur in this groundmass, 
sometimes exhibiting a very delicate concentric arrangement 
of white films, which, like those of the previously described 
rock, are covered by small quartz crystals. 

Minerals of the canities—The outer walls of the lithophyses, 
as well as the concentric shells, when present, are primarily 
formed of a pure white mineral which is but seldom developed 
in recognizable form. Sometimes a frost-like structure caused 
by the interpenetration of delicate blades is seen, and quite fre- 
quently round or botryoidal masses of the white mineral occur, 
the surface usually showing minute crystal facets. A micro- 
scopical examination of these surfaces shows the mineral to be 
sanidine in stout crystals of common form. Rarely, clear crystals 
1 or 2™ in length are developed, and then a beautiful blue 
color parallel to 45-7 may be detected.* In a single cavity in 
the porphyritic rock the feldspar assumes delicate stalactitic 
forms, somewhat branching at the ends and clear only at the 
very tips. The round feldspathic masses are often fissured in 
a manner clearly showing shrinkage. A silica determination 
upon a small quantity carefully selected, gave 66 per cent, 
showing that but little free quartz was included. Alumina 
and alkalies are also present about as in sanidine. 

Upon all stirfaces of feldspar, and occasionally upon garnet 
and topaz, are clear doubly terminated quartz crystals, often 
not much below 1” in length and of the form already men- 
tioned. Although careful search has been made no tridymite 
has been found. 

Minate opaque ore particles are very sparingly distributed 
through the lithophyses. Some of them are developed in tablets 
about 0°5™" across and these at least are probably to be re- 
ferred to hematite. None are entirely free from dull coatings, 
making identification of faces difficult. 

Garnet occurs in isolated crystals of a maximum diameter 
of about 1™, the average being 2°5™, of dark red color, 
clear and transparent, and with finely polished faces. The pre- 
dominant form is that of 2-2 (211) with small facets of 7 (110). 
The faces of 2-2 usually show a striation parallel to the edge of 
2, due to the oscillatory combination of undetermined faces. 
There are also indications of another trapezohedron in which 
the value of m ean be but little less than 2. 

The optical properties of this garnet are anomalous. Thin 
sections were prepared parallel to the cube, dodecahedron and 

* For fuller statements concerning this color and its cause, see Bulletin 20, 
U.S. Geological Survey, p. 75, 1885. 
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octahedron of the most suitable crystals which could be pro- 
cured and the optical action seen, so far as it possesses regu- 
larity, corresponds to the observations of Klein.* The action 
is weak and its regularity is no doubt disturbed by the numer- 
ous inclusions of quartz at the base of all crystals. 

In the porphyritic rhyolite the garnets are usually very small 
but perfect and possess a somewhat lighter color than in the 
more felsitic rock, appearing brownish red or even approaching 
to a cinnamon color. 

In chemical composition this garnet proves to be typical 
spessartite, that is, an alumina garnet in which the lime is al- 
most wholly replaced by manganese with some ferrous oxide. 
The analysis given below was made by L. G. Hakins, in the 
Denver laboratory of the U.S. Geological Survey. The ma- 
terial analyzed was of the common dark red variety from the 
main locality, first described, and was obtained from about 30 
erystals, which were crushed and the powder carefully exam- 
ined under a lens, only the transparent and perfectly pure par- 
ticles being appropriated for analysis. 

Sp. Gr. 4°23 at 18° C. 
RO) a tae NE a Ee a 35°66 
ING y GS OC SMO NN tL 18°55 
DESI Oh US AA RE a es partes 
1 REC Oy Res AWN Se Ue Tu 14:25 

ny Bay Oa Be a eas SI ae eter ys 29°48 
Ca Opie ate ha eae els ba eae 1:15 
TEES @ pis es i eases eae Ue RAS 27 
INF AN OI QUEM TNA sc RNA 21 
LOU te See ain WN A icdeg 

100°33 

Topaz appears in the lithophyses of all modifications of this 
rhyolite, though much less abundantly than the garnet. Its 
erystals are prismatic, clear and transparent, either colorless, 
pale bluish or distinetly wine yellow, and show a fine develop- 
ment of all faces represented. The form is the usual one for 
this mineral, the faces, in order of prominence, being: 

T(110), 2-3 (120), 2(221), 0(001), 2-4(021), 4-7 (041), 
4-4 (100), 7-3(130), and 2-7(201). 

The largest crystals which have been found (not seen by the 
writer), are said to have measured about one-half inch parallel 
to the brachy-axis, but such specimens are very rare and the 
average diameter is not more than one-eighth of aninch. As 
the prisms are attached in all positions double terminations are 

*C. Klein. ‘‘Optische Studien am Granat.” Nachr. v. d. k. Ges. d. Wiss. 
zu Gottingen, 1882, 457. 
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frequent. ‘These never show any tendency to hemimorphism. 
The crystals occur singly as a rule, but groups are not uncom- 
mon. 

In the -porphyritic rock of the northern dikes the topaz 
occurs in very small colorless prisms, easily mistaken for quartz 
when not closely examined. 

Concerning the color of the topaz it was noticed that nearly 
all of them obtained from open cavities were colorless or of 
the pale bluish tint, while those found on breaking open solid 
masses were most frequently wine-yellow. As nearly all speci- 
mens were obtained from fragments broken out by visitors, 
within the past two or three years, it would seem that the 
action of sun-light might have produced the change in color. 
J. Roth mentions,* while considering the changes produced in 
minerals by light, that von Kokscharow has noted the bleach- 
ing of deep wine-yellow topaz from the Urals, to an impure 
bluish white, on an exposure to sun-light, of some months’ 
duration. 

Relation to other occurrences.—The Chalk Mountain occur- 
rence, already referred to, is analogous to the present case in 
that the containing rock is a rhyolite and that the topaz occurs 
in cavities, but in detail the instances differ. In the Chalk 
Mountain rock the cavities are small and show no tendency to 
the lithophysal structure, and sanidine is the most abundant of 
the associated minerals, with some quartz and a little biotite. 

An occurrence in Utah seems to be much more closely re- 
lated to that of Nathrop. The locality was discovered by 
Henry Engelmann, geologist of Capt. J. H. Simpson’s expedi- 
tion across Utah in 1859, and is mentionedsin Dana’s System 
of Mineralogy. Engelmann states in the report of Simpson’s 
expeditiont that the topaz crystals were found loose on the 
surface and that they “ apparently originated from one of the 
trachytie porphyries in that neighbor hood.” He did not see 
any in the supposed gangue and his statement, unaccompanied 
by any description of the rock, has naturally been overlooked 
or discredited. 

I am indebted to Prof. J. E. Clayton of Salt Lake City, who 
has visited the locality in person, for information and for speci- 
mens illustrating this occurrence.{ The locality is about forty 

* Allgemeine und chemische Geologie, Bd. i, p. 42. 
+ Report of Explorations across the Great Basin of the Territory of Utah, etc., 

by Capt. J. H. Simpson, Engineer Department U.S. Army. Washington, 1876, 
p. 324, 
: Paathes reference to this locality upon information derived from Professor 
Clayton has been made by Mr. G. F. Kunz in the Geological Survey publication, 
‘‘Mineral Resources of the United States, 1883 and 1884,” by A. Williams, Jr., 
in the article on Precious Stones, p. 738. The locality is first mentioned, in a 
very confusing manner, as if in the Pike’s Peak region; the locality is wrongly 
stated as west of Sevier Lake; and the date of Captain Simpson’s expedition is 
given as 1847. 
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miles north of Sevier Lake and nearly the same distance 
W.N.W. from the town of Deseret on the Sevier River. The 
mountain containing the topaz (‘‘ Thomas’ Range” of Simpson’s 
Report) is isolated, in an arid region. It is about six miles 
long from north to south, has a flat top and precipitous slopes, 
and consists of a white or grayish eruptive rock, an evident 
overflow, with indistinct banded structure and many amygda- 
loidal cavities in which the topaz occurs. A small fragment of 
the rock, sent by Prof. Clayton, seems to be a normal rhyolite. 
It contains small brilliant quartz and sanidine crystals lying in 
a dull white matrix, much resembling the common Nathrop 
rock. The sanidine exhibits a delicate but distinct bluish 
color parallel to a plane which could not be certainly deter- 
mined but which no doubt corresponds to the orthodome 42-7. 

The crystal forms shown by this topaz are given by Hngel- 
mann, as follows: exhibited by all I, 7-2, O, 47,2; by most 
crystals, 2-2, 1,4; by a few, 4, 2-7. From an examination of 
a few loose crystals sent me by Professor Clayton, I can add 
that 7-7 is sometimes developed, while O is lacking entirely in 
a few cases. 

These crystals from Utah are larger than those from Nathrop. 
The base of the prisms is said to be rough and imperfect, only 
the ends being clear. Associated minerals have not been ob- 
served and details concerning the cavities are lacking. Nearly 
all crystals so far found are colorless, though pinkish, wine yel- 
low and blue crystals have been noticed. 

From various statements which have come to my notice it 
seems highly probable that a portion of the topaz found in 
different Mexican localities is also derived from eruptive rock. 
In no ease has this been actually proven, so far as I know, by 
the production of specimens. 

This is, it is believed, the first known occurrence of garnet in 
cavities of rhyolite. In the list of minerals known to occur in 
this manner in rhyolite J. Roth* mentions quartz, tridymite, 
sanidine, biotite, augite and topaz, the latter from Chalk 
Mountain only. To this must be added garnet and fayalite. 
The occurrence of the latter mineral very recently described 
by Iddingst from the Yellowstone Nationa] Park is very sim- 
ilar to that of the Nathrop minerals. 

The mode of formation of the topaz and garnet is not fully 
determinable, but it is evident that they are not secondary 
products, like zeolites, but primary, and produced by sublima- 
tion or crystallization from presumably heated solutions, con- 

* Allgemeine und chemische Geologie, Band ii, p. 215, 1885. 
¢ This Journal, July, 1885, p. 58. It has also been recently observed by Tenne 

in obsidian from Cerro de las Navajas, Mexico. Zeitschr. d. deutschen Geol. Gesell- 
schaft, 1885, 613. 
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temporaneous or nearly so with the final consolidation of the 
rock. The lithophysal cavities seem plainly caused by the ex- 
pansive tendency of confined gases or vapors, while the shrink- 
age cracks in the walls and white masses of the Nathrop rock 
suggest the former presence of moisture. Certainly the history 
of the lithophyses themselves embraces that of both topaz and 
arnet. 

3 Composition of the rhyolites containing topaz.—Below are sub- 
mitted quantitative analyses of the only rhyolites known to 
contain topaz in the manner described. Under I is given the 
analysis of the Chalk Mountain rhyolite or nevadite, by W. F. 
Hillebrand; under II that of the denser Nathrop rock, and 
under III that of the Utah rhyolite.—both by L. G. Eakins. 
Analysis III was made upon the small fragment above de- 
scribed, which was sent me by Prof. Clayton, as typical of the 
occurrence. 

if UL III. 

SOK a een 74:45 69°89 74-49 
PRIOR eee os 14°72 17°94 14°51 
JE CAIs es an Ss none 0°39 0°57 
Eve Or Sie iN ey hte 0.56 0°52 0°32 

DH OKO JAMA ani 0°28* 0°23 trace 
CAO Ween UM on 0°83 trace 1°03 
IVT Be ee ere ee! 0°37 0-14 trace 
CRONE AN ee 4°53 4:38 464 
NavOuh we es 3:97 4-21 3°79 
A Oe us Ns me ence trace trace 
PESO, Monte 0:66 2-07 0-64 
Re Ou ee she a 0:01 trace 

100°38 99°77 99:99 

From the above it is seen that the three topaz-bearing rhyo- 
lites agree quite remarkably in composition. They are all 
silica-alumina-alkali rocks, other constituents being present in 
almost insignificant quantities. It is however by no means a 
rare composition which is possessed by these rocks. The ex- 
amination of the rhyolites of the Great Basin, near the 40th 
parallel, by the chemists of the King Survey showed several 
rocks closely allied to these in composition and similar ones 
have been described from other parts of the western United 
States and from Kurope. 

* Ags MnO, in this rock. 
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Art. XLII.—On the Strain-effect of Sudden Cooling exhibited by 
Glass and by Steel ;* by C. BARus and V. STROUHAL. 

Introductory.—In the foregoing number of the Journal we com- 
municated a series of results on the structure of steel of a given. 
kind, tempered hard. They showed, in general, that from the 
circumference to the axis of a quenched non-fileable steel cylin- 
der, hardness continually diminishes; that the first fileable strata 
are encountered at a distance of about 1™ below the surface. 
Moreover, as hardness decreases, the density of the elementary 
conaxial cylindrical shells increases and in proportion as the 
layers become more and nearly or easily fileable the density is 
found to approach the density of soft steel. From an examina- 
tion of rods of different diameters (2™ to 3) it appears, steel 
of a given kind presupposed, that the hardness at a point is 
essentially dependent on the distance of the point below the 
surface. The rate at which sudden cooling takes place must 
be similarly conditioned. Hence it is permissible to associate 
the one phenomenon with the other and to state that the hard- 
ness in a given point below the surface is dependent on the rate 
at which cooling there takes place. This point of view is sug- 
gestive: structure investigations may be made to furnish us 
the best means we know for the comparison of hardness and 
rate of cooling. 

The results cited apparently make sad havoc with physical 
theories of temper. ‘They seem indeed to be fatally at variance 
with the usually accepted views, viz: that in hard tempered 
steel an abnormally dense shell is arched around an abnormally 
rare core, the two states of strain mutually conditioning each 
other. The data may even be looked upon as furnishing evi- 
dence sufficient to prove the total absence of strain. It is the 
object of the present paper to investigate in what measure this 
evidence is critically sufficient; if it be insufficient, to state the 
nature and relations of the strain-effect of quenching somewhat 
more clearly than we were able to do in our earlier work. 

In our little book on the iron-carburetst we endeavored to 
contrast the respective merits of chemical and physical theories 
of temper, using for this purpose all the data known to us, as 
well as special results of our own. This deduction seemed 
warranted, that hardness and strain are distinct and separate 
properties of a tempered iron-carburet;{ that they need not 
necessarily coexist. Leaving therefore hardness pure to be ex- 

* Communicated with the permission of the Director of the Geological Survey. 
+ Bull. U.S. Geolog. Survey, No. 14, 1885, p. 76. t Ibid., p. 103, 197. 
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plained chemically, we inferred that the category of electrical 
and magnetic phenomena exhibited by steel on passing from — 
hard to soft are mainly referable to changes in the character and 
intensity of the strain which the tempered rod carries. We 
accepted the theory of a dense shell and rare core as being the 
most satisfactory and elegant conception of the strain in ques- 
tion,—with the proviso* that “it must be regarded as a mere 
diagram of the essential features of the vastly more complicated 
structure of the glass-hard rod.” These conditions premised 
we finally interpreted all variation of strain produced by anneal- 
ing as the combined effect changes of the viscosty of steel due 
to temperature and of interference of thermal expansion with 
the said strain. 

The experimental question which we are endeavoring to elu- 
cidate may therefore be succinctly put as follows: 1. With 
what degree of sensitiveness do the variations of the density of 
the rod as a whole, indicate the corresponding variations of 
strain. 2. Is it possible successively to remove layer after layer 
of a rod without materially changing the character and intensity 
of the strain which the rod is supposed to carry. 3. In how 
far does the actual structure of tempered steel differ from the 
diagrammatic distribution of density above assumed. 4. Does 
the process of sudden cooling impart strain alike in kindf but 
differing enormously in degree to all substances. In our paper 
on structure we had the second and third of these points prin- 
cipally in mind. We were unable to obtain direct and decisive 
evidence of the occurrence of shrinkage during the removal of 
shells from a hard steel rod. But since the structure of steel dif- 
fers so largely with the kind of steel operated upon we do not. 
regard our experiments as made in sufficient number to be con- 
clusive. An examination of the density of the elementary shells 
shows that the character of the density at any point regarded 
as a function of the distance of the point below the surface, is 
harmonic.t To investigate this relation it is unfortunately 
necessary to make the measurements for thin ($™™) shells. 
Hence the mean amplitude of vibration and the limits of the 
unavoidable errors of observation are of the same order. To 
discriminate between the periodic effect of temper, which may 
show regular or irregular periodicity, and the apparently peri- 
odic distribution of mere errors of observation is difficult and 
requires very nice and careful observation. In the Bulletin 
(35) cited we attempt to arrive at this discrimination by making 
minute comparisons of the structures of rods of the same kind 
of steel, and of the same or of different diameters. This pro- 

* Bull. U. S. Geol. Survey, No. 14, p. 96; ibid., pp. 95 to 98. 
+ We do not necessarily refer to mere volume expansion here. See Wrightson, 

Journ. Iron and Steel !*:st., ii, 1879, p. 418. ¢ This volume, p. 386. 



Cooling exhibited by Glass and by Steel. 44] 

cedure is excessively laborious, for it calls for a detailed construc- 
tion of the relation of the density and the position of the points 
along any given radius of the rod and subsequent examination 
of the properties which the divers diagrams have in common. 
We have gathered many data, but the work is as yet incomplete, 
and the reader desiring further information will have to be re- 
ferred to the Bulletin, where the whole subject is discussed. 
Experiment on the fourth of the above topics we have now in 
progress and shall publish later. This narrows the purposes of 
this paper to the consideration of the first and most important 
of the above points, viz: in what degree the density of a hard 
steel rod at different points, even when measured with all attain- 
able accuracy, is sufficiently sensitive to represent the character, 
relations and intensity of the temper-strain. 

Density anp Resistance (STRAIN) oF TEMPERED STEEL, 

Haperimental results—The discussion may be appropriately 
commenced by an examination of the variation of density of 
steel successively annealed from hard to soft. Our experi- 
ments on this subject, made in some number, are detailed in 
Bulletin No. 27, now in press, and for this we select the follow- 
ing digest. The table (1) contains data for length, diameter 
and temper; temper being expressed by the temperature and 
time at which the divers glass-hard rods were annealed. The 
table furthermore contains the specific resistance, (s,), at 0° C., 
in microhmas, referred to the centimeter cube ; the density (4,) and 
the volume (p,) per unit of mass (g) for the same temperature, 
0°. In the cases of rods Nos. Iand II, density was measured in 
the ordinary way. The other values of 4, are derived from 
very painstaking pycnometric measurements, all of which 
were made at least in duplicate and are warranted to two or 
three units of the third decimal. Values for resistance which 
could not be obtained by direct measurement were supplied by 
interpolation from our earlier researches. All such data are 
put in parentheses. Parentheses also enclose certain values for 
the temperature of the annealing furnace to show that they are 
derived by interpolation from the known power of the furnace 
under given circumstances. The other temperatures are meas- 
ured in a way to be indicated elsewhere. The greatest care 
was taken to so anneal the rods as to exclude all errors due to 
superficial oxidation or carburation. 

Am. Jour. Scl.—THIRD SERIES, VOL. XXXI, No. 186.—Junz, 1886. 
28 
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ABLE I.—Electrical resistance, density and specific volume of steel, 
when varying with temper. 

No. "Length. 
cm. 

I 5°3 | 
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| | 
| 

| 

| 

IDE <- |) ori 

| 
| 

| | 
55 to 60| 21 pieces,! 
61 to 63 |each about 

}23°™ long. 

O 18 pieces, | 
each about 
24m Jong.| 

| 

30 to 36) 72 pieces | 
about | 

24 each. | 

| 

| 
71 ines 

Diameter. Temper. 
cm 

1:9 

0576 

0°226 

0-081 
0-081 

* One piece lost. 

i\Commercial, soft 
\Glasshard 
| Annealed, 100°, 

100°, 

us 100°, 

«100°, 12h 
E2008, 
«330° 5m 
uc 620°, 

Commercial, soft 
Glasshard 
Annealed, 190°, 4m 

° 9m 
’ 

tt 645° 
as 830° 
ees (3003) 

Commercial, soft 
Glasshard 
Annealed, 100°, 9» 

200°, 9m 

“ 200°, 30 
af 330°, 30™ 

oe 810°, 30™ 

&  1000°) 
i CsOo) 

‘Commercial, soft 
|\Glasshard 
Annealed, 100°, 10™ 

100°, 72 

et 190°, Om 

ef 330°, gm 

et 460°, 12 

m 720° 

“ (900°) 
(003) 
« (1300) 

Commercial, soft 
Glasshard 
Annealed, 100°, 14 

100°, 132 

tf 190°, 45 

oe 190°, 4b 30m, 

«190°, 4b 30m 
@ 250, 1 
He 470° | 

a 530° 

£6 690° 

ts 810° 

ees AKO? 
| ot | 41100° 

| 
i 

So. 

Microhm 

(15) 
(44) 
(39) 
(37) 
(36) 

(36) 
(28) 
(21) 
(18) 

(15) 
(44) 
(42) 
(37) 
(31) 
(21) 
18°27 

17°13 

18°10 

18°60 

18°30 

16°27 
43°86 
39°26 
35°51 
30°82 
27-10 
27:10 
20°68 
18°36 
18-17 
17:24 

_ 17:56 
18°59 

ja\. Vo- 

Seiya? 
2:0:12805 
0712806 

-/0°1 2805 
0°12803 

7°811410°12802 
7°8096 0°12805 
7°8236|0°12782 
7'S342/0°12765 
7-8361/0:12762 
78465 0:12744 

7:7033/0°12981 
7°6200/0°13123 
7°6542/0°13065 
766610713044 
7°7008 0712986 
7-7170|0'12958 
7°7392|0°12922 

5|0° 12843 
0-12819 

071280 
0713018 
0°12997 
0°12970 
012945 
012913 
0°12880 
0712854 
0°12846 
012843 
0°12801 

0712942 
7°6547|0°13064 
7°6666/0'13044 
7°6745|0°13030 
7°6841|0°13014 
7°6808!0°13020 
76848) 0°13030 
7-6806|0°13020 

7°7190|0°12955 
7°7227|0:12949 
7°7272|0°12941 

, 1°7586/0:12889 
7°7705|0°12869 

+ Fusion of copper enyelope (capsule) deatrone the wire. 
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Discussion.—It is not our object to enter into a full discussion 
-of these results here. We merely advert to the fact that 
whereas density increases continually on passing from hard to 
soft, resistance passes through a pronounced minimum. 

Whether we regard 4, as a function of s, or of the tempera- 
ture 7° at which the rod was annealed, the relations contained 
in the table lead to an important inference, with an immediate 
bearing on our present purposes. It appears plainly that the 
annealing of a rod successively from extreme hard to extreme soft 
does not exhibit the characteristics of a single and homogeneous 
phenomenon. This annealing presents two distinct and inde- 
pendent phases which merge into each other when ?° corre- 
sponds to incipient redness. A graphic representation of J, 
varying with ¢° shows this transition with singular clearness. 
Between <=200° and t=500°, all the loci pass through two 
consecutive circumflexures in such a way as tv change the 
general and pretty uniform contours of concavity downwards, 
into convexity downwards for the interval in question. The 
division of the complete phenomenon into two parts being thus 
suggested, we find on further inspection that the variations of 
the electrical constants of temper subside almost completely 
within the first of these parts (annealing between 0° and 350°) ; 
whereas in the second part (annealing between 350° and 1000°) 
they became crowded and complex. It follows plausibly and 
at once that during the first of the phases under consideration 
we encounter the subsidence of a mechanical strain. This 
inference gains much in weight when we find that this strain van- 
ishes in the way peculiar to phenomena of viscosity, at a slowly 
decreasing rate, through infinite time.* In the second phase, 
mechanical and chemical occurrences are superimposed and the 
above results do not enable us to disentangle them. 

The final important deduction from the data is this, that dur- 
ing the first phase in which the larger values of resistance are 
from two to three times the smaller values, the variation of 
density is slight. In the second phase we encounter large vari- 
ations of density associated with small variations of resistance. 

These curious relations characterize the phenomenon as a 
whole. We shall interpret them partially at least below. 

Density and Strains in Tempered Glass. 

Fperimental results.—This result substantiates the evidence 
in favor of the existence of strain in hard steel, adduced in our 
earlier papers.t Beyond this it shows almost conclusively 

*In other words the temper strain vanishes just like the simple “drawn” 
strain imparted by the wire plate, while the wires carrying them are each exposed 
to the prolonged action of temperature.—Bull. 14, p. 93. 
+ Bull. 14, pp. 88 to 103. 
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that the density-effect of the annealing of hard steel is out of 
all proportion and symmetry with the strain effect and the 
corresponding electrical effect. We were desirous therefore of 
studying the temper-strain in substances other than steel and 
free from carbon. Long ago, glass had suggested itself to 
us for this purpose.* We communicate in the following Table 
Ji the density effect produced by successive annealing of ordi- 
nary Prince Rupert drops. Twelve of these were in hand. 
Three were broken to test the strain, the remainder examined. 
All the drops contained included bubbles, one or more, often 
0:2™ to 0°3™ in diameter and distributed irregularly. Usually 
a few large bubbles predominated. The drops moreover 
showed a purple coloration, which disappeared after annealing 
at incipient redness.t ‘To anneal the drops at different temper- 
atures we enclosed them in a test-tube, cushioned upon and 
surrounded by carded asbestos. The end of the tube was sub- © 
merged sufficiently to cover the P. R. drops in boiling camphor, 
mercury, sulphur, etc., as given in the table. To anneal at red 
heat, the drops were suspended in little baskets of platinum 
foil, in the center of large thick clay crucible and then heated 
to the desired temperature in an assay furnace. Under all 
circumstances but one, care was taken to cool the drops slowly. 
Table II contains under ‘‘temper” the temperature and time of 
annealing, not including the time of cooling, however. The 
column m gives the weight of each drop in grams. Variations. 
of m are due to accidental breakage of the frail stems of the 
drops. Where no such breakage occurs m is constant. 4, 
finally, is the density of the drops at 0° C., under the conditions 
given. Hach 4, is the mean of two independent determina- 
tions and is warranted correct to within one or two units of the 
third place. 

Table III following is constructed to facilitate a comparison 
of the important data. The second and third columns contain 
the densities of the extreme states of temper, the original 
quenched, “ hard,” and the final “soft” or thoroughly annealed 
state. The remaining columns contain the increments of density 
due to quenching, relative to the density of the soft state, the 
relative increments in other words which are retained at the 
divers temperatures given. 

* Wied. Ann., vii, p. 406, 1879. 
+ The color of the drops is amethystine; the powdered glass pink. 
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TABLE II.—Temper, weight and density of quenched glass (Prince 
'  Rupert’s drops), successively annealed, 

No. TEMPER. m. Ao REMARKS. 

UE 
I. |\Quancngel 25 eesbososeds 1:3500 | 2°4345 |Bubbles. - Color. 

Ammnealeds3 60m) 30ers eee 1°3500 | 2°4401 Do. 
(Mercury.) 

Annealed (650°), L0O™__._-- 13497 | 2°4901 |Bubbles and color vanish. 
Form of drop not changed. 
Cooled slowly. 

Annealed, red heat... ---- 13470 | 2°4910 |Cooled slowly. 
Annealed, red heat _.__.--- 13311 | 24883 |Cooled am air, from intense 

redness. 
Annealed, red heat._-.-.-- 1°3312 | 24915 |Cooled slowly. 

2 |Quenched_... ._-.---.-.-.] 1:3200 | 2°4364 |Bubbles. Color. 
Annealed 3602) 30Mae se. 1:3200 | 24408 Do. 

(Mercury.) 
Annealed (650°), 10™___...| 1:3191 | 2:4903 |Bubbles and color vanish. 

Form of drop not changed. 
Cooled slowly. 

Annealed, red heat ..-...-. 1°3172 | 24912 |Cooled slowly. 

Se@wenclic dees ewe ae 1:4590 | 2°4374 |Bubbles. Color. 
Annealed, 200°, 15™___ _- 14591 | 2°4364 Do. 

(Paraffine.) 
Annealed: 360730222 222 = 14590 | 2.4411 Do. 

(Mercury.) 

Aa @wenclie dee ee 1°3305 | 2°4356 |Bubbles. Color. 
Annealed, 200°, 15™_______| 1°3305 | 2°4351 Do. 

(Paraffine.) 
Annealed, 360°, 30™ .____.. 1:3292 | 2°4383 Do. 

De Onenched= ass see eee 1:3009 | 24349 |Bubbles. Color. 
Annealed,* 200° 14 30™____| 1°3009 | 24359 Do. 

(Camphor.) 
Annealed, 360°, 12 __.____- 1:3010 | 2-4402 Do. 

(Mercury.) 
Annealed, 450°, 30™.__.---| 173012 | 2°4446 Do. 

(Sulphur.) 
Annealed (550°), 10™__._-- 12983 | 24531 |Color vanishes. Cooled 

slowly. 
Annealed, red heat.--_--.. 1:2982 | 2:4914 |Bubbles gone. Form partially 

changed. 

6 |Quenched .--...-..--..---!| 14409 | 24323 |Bubbles. Color. 
Annealed,* 200°, 12 30™___.| 1:4409 | 2°4333 Do. 

(Camphor.) 
Annealed, 360°, 12 2.2 2 1:44.09 | 2°4382 Do. 

(Mercury.) 
Annealed, 450°, 30™______- 1:4412 | 24422 Do. 

(Sulphur.) 
Annealed (550°), 10™______ 14410 | 24534 |Color vanishes. Cooled 

slowly. 
Annealed, red heat.__._.-- 14408 | 2°4893 |Bubbles gone. Form partially 

changed. Slow cooling. 

an Qe chic d pee eae ee 14795 | 2°4395 |Bubbles. Color. 

* An explosion of the camphor vapor may have slightly raised these values, 
but we believe them to be correct. 
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No. TEMPER. Maal an REMARKS. 

Bal Queniched sae eee eee 1:0025. 2:4395 |Bubbles. Color. 
Annealed) 360%)30™2 222222 10025 | 2-4444 Do. 

(Mercury.) 
Annealed, 360°, 3h... _.. 1:0023 | 2°4482 Do. 

(Mereury.) 
Annealed, 450°, 1®___. .--- 1:0023  2:4526 Do. 

(Sulphur. ) 
Annealed, 450°, 42. -_.--=- 1:0023 | 2:4586 Do. 

(Sulphur.) 
;Annealed, red heat.--._---- 0.9982 | 2°4901 |Bubbles and color gone. 

Form partiaily changed. 
Cooled slowly. 

) |Qmandnedog Jase esse 1:2759 | 24365 |Bubbles. Color. 
Annealed, 360°, 30™____-.. 1:2745 | 2°4423 Do. 

(Mercury.) 
Annealed) 360%) 32.25---5- 1:2745 | 2°4436 Do. 
‘Anmealeds 450g) hes ee | 12745 | 2°4472 Do. 
Annealed 4505) 40s ee ee Me 2iai 2-4 510 Do: 
Annealed, red heat ....-.-- | 1:1592 | 2°4929 |Bubbles and color gone. 

Form partially changed. 
Cooled slowly. 

TABLE III.—Density of Prince Rupert’s Drops, Quenched and Annealed.. 
Digest. 

Hard. | “Soft.” ene ane acne relative to ‘soft,’ when annealed at 

No.) Ao. Ao. 20° | 200° | 360° | 450° | (650°) | (650°) |Red heat.. 
| ee) 

—0:0 | —0-0 | —0-0 | —0-0 | —0-0 | —0-0 
1 }2:4345) | 249150 |) 2299) (| ool | 20 esc e I) See OO Gia ie Osne 
2189743641) 24972) | 299) | CNT) |) 908) |) 220i ES es 00a ee So; oons 
Sele AS Aon pea eee D6) 22003) SOU Le ae es a 
AN NS2-AS3 560) ceeeee DOS NOOB Ul O1Si Ny ON a RO Sa | 
5 | 2:4849 | 29-4914 | 907 | 993 | 206 |: Wes) | aba) | 222 )) 2 oconon 
6 | 24823) | 2:4893 | 229) | 995 | 905° i) 189k 144 | eee sorooan 
if ||, DeAg es i} Abas DO van eee | (oe OR 
8 | "224395 | 2-4901° |) 203) | L222.) (ed) 50 | ae ae eo ogo 

| |? 168 |? 127 
9 | 24365 | 24929 | 227 | --.. | (203° )( 184 | 2-25 2s ooo 

| | ; 198 |) 168 
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Discussion.—The salient features of these data are obvious 
from an inspection of Table III. The density-effect of quench- 
ing is decidedly negative ; the increase of specific volume is ex- 
ceptionally large. Moreover, the nine Prince Rupert drops 
examined exhibit nearly the same initial density, and nearly 
the same final density. The approximate equality of the val- 
ues 4, for the soft state is easily explained. They indicate 
that in proportion as we bring the strain to vanish, we reach 
the normal density of the glass. Not so easy is it to account 
for the observation, that the density of the Prince Rupert 
drops shows almost the same degree of equality in the hard 
(quenched) state. Indeed, if we take the fact into considera- 
tion that the drops invariably contain bubbles distributed 
irregularly and without apparent relation as regards size and 
number, the difficulties of explanation are increased. In other 
words the remarkable result that the volume-increase due to 
quenching is quite as much the same for all drops as is at all 
possible for the case of so complicated an operation, is an ex- 
ceedingly striking and important result and leads to this infer- 
ence: Inasmuch as bubbles are present in like total volume in 
each of the drops, their presence can not be a circumstance of 
mere accident; they must be regarded as a normal effect or, 
better, a necessary result of the operation of quenching applied 
to glass: they must in some very intimate way be connected 
with the strain which the glass globules have experienced in 
virtue of sudden cooling. 

Retaining this very plausible surmise in mind, we proceed 
to a more minute inspection of the effect of annealing the hard 
Prince Rupert drops. We obtain results very similar to those 
investigated above for steel. The density effect of annealing is 
decidedly positive, and is greater as temperature and time of 
exposure are increased. Again, we readily divide the physical 
effect of annealing into two parts or phases. The first of tivese 
corresponds to the annealing temperatures 0° to 500°, the other 
to higher temperatures. The range of temperatures corre- 
sponding to the first phase is therefore larger for glass than for 
steel ; and if we compare Tabies I and II it appears obviously, 
that for like density effects the annealing temperatures must be 
chosen higher in the former case (glass) than in the latter. 
But the change of density encountered in both instances is 
small; and yet in spite of the small density-effect during the 
inferior stage of annealing, by far the greater intensity of strain 
vanishes. The drops after annealing at 200° are still explosive ; 
if they be broken after having been annealed in boiling sul- 
phur (450)° they are found to have lost all traces of the explo- 
Sive properties which the originally quenched drops possessed. 
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Professor Rood* informed us that the polarization figures could 
be quite wiped out by annealing such ordinary glass as ex- 
hibited them only as far as the temperature of melting zine. 
We infer that at the end of the first phase of annealing we 
have in hand a hollow glass globule practically free from 
strain. 

During the second phase of the annealing phenomenon (500° 
to 1000°), we observe a very pronounced change of the density 
of the Prince Rupert drops, corresponding to the above result 
for steel. But the explanation is here readily at hand: at in- 
cipient redness the enclosed bubbles disappear or are reduced 
to mere specks. The large increment of density in question is 
therefore nothing more than an expression for the collapse of 
the viscous hollow globule in virtue of atmospheric pressure. 
This important observation enables us to interpret all the phe- 
nomena of annealing satisfactorily. It must therefore be care- 
fully examined. 

We will endeavor to prove that the bubbles are vacua; that 
they are not accidental inclusions of gas or aqueous vapor. 
The temperature from which glass is quenched is certainly less 
than 1500°. The temperature at which glass is sufficiently 
viscous to yield easily to atmospheric pressure is certainly 
greater than 500°. Suppose now that the changes of volume 
of the bubble were the result of thermal expansion of an in- 
cluded gas. Let 259 and v9 be the volumes of the gaseous 
inclusion at 1500° and 500°, respectively, under normal pres- 
sure. Let v, and v, be the volumes of the (gas) bubble for the 
quenched-hard and annealed-soft states. Then we deduce, a 
Jortiori, 

ie 1 
Us Us00 ( ) 

with this as a point of departure the following little digest, 
Table IV, of mean results has been prepared. Here m is the 
mean mass of all the drops examined; 4,, 4,, V,, V,, their mean 
density and total volume for the hard and the soft states, 
respectively; v is the mean volume, 7 the equivalent mean 
radius of the bubbles. In the second horizontal row V, has 
been diminished one-half per cent to refer all volumes to the 
beginning and end of the second phase of annealing. 

* Results obtained by Professor Rood during his experiments with high vacua. 
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TABLE LV.—Mean volume relations of the Prince Rupert drops and of 
the hypothetical gas-bubble. 

| v at r at 

Wits) We 1500° 500° 1500° 500° 

ce. | ce. cc. CC. C. C. i 

05454 | 05334 0:0120 0:0052 0142 0:107 <23 

| v7 Mie 

05427 | 0°5334 0:0093 0:0041 0°130 0:099 _<i3 

Mean m = 173288. 
“Hard:” Mean A, = 24363 + 0-0008 
“Soft:” Mean A, = 2°4911 + 0:0016 

Inasmuch as the values Vs and 7) are inferior limits, it is 
clear that if the bubbles were gas or vapor, they would be of 
the same order of visibility before and after annealing. In 
other words, if the bubbles were gas, casual inspection would 
not detect a difference of their size in the hard-quenched and 
in the “soft” drops. In the experiments, however, the bub- 
bles all but vanish. Hence they can not be gas. 

To obtain additional assurance on this point we ground flat 
faces on the annealed drops, Nos. 1,5 and 8, and then measured 
the size of the inclusions. We found these values: 

No: ts v= 0000037" c:-c. 
INfow Dis Us 0 0000627 Enc: 
No. 8: v, = 0.000040 ¢. c. 
Mean: v, = 0:000046 c. «¢. 

From actual measurement therefore we find, 
Un — > 100 (2) 

8 

a result wholly incompatible with _ <_ 24 as derived above 

(Table IV). It follows conclusively that the bubbles are not 
accidental gas inclusions; that only an insignificant part of the 
variations of volume produced by quenching can be referred to 
‘thermal expansion of gas. 

If the gas were aqueous vapor, and if dissociation were com- 
plete, then the upper limit of (1) would have to be increased 
in the ratio of 3:2. This does not remove the discrepancy 
between (1) and (2). Moreover, since dissociation of water is 
only incipient at 1500° and is not even complete at the temper- 
ature of melting platinum, the volume variation of the bubbles 
can not be due to the presence of water in the bubbles. 

Tf on the other hand we endeavor to explain the bubbles as 
vacuities* left by the contracting glass, we arrive at accordant 
and plausible results. Let ¢ be the temperature to which the 

* Very analogous to Torricellian vacua. 
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homogeneous glass drop must be heated in order that the 
observed mean volume of the soft state may be equal to the 
observed mean voiume of the hard state. Then 

—. By (3) 
Cals 

where @ is the ordinary coefficient of linear expansion of glass. 
By inserting the values of Table III into (8) we derive 

t< 900°. 
In other words the quenched globule has retained the volume 
which the hot glass possessed at a temperature certainly smaller 
than 900°. This result taken together with the other is con- 
clusive., 

The general result of our investigation on the process of 
sudden cooling, therefore, points out the fundamental impor- 
tance of a rigid shell. As the material (glass or steel) cools, 
contraction as a whole takes place not centripetally but centrif- 
ugally, i.e, not towards the center of figure but away from it. 
So long as the interior remains liquid or viscous, the result is 
simple separation, commencing at points where minute air 
bubbles may preéxist,* rather than at points of the continuity 
of glass. The final result is a vacuum bubble such as we 
have observed it. In proportion as the interior becomes rigid, 
the temper strain appears. Should the glass hold gases in solu- 
tion, they would tend to escape into the vacua in question. 
There is probably another reason why in most instances the 
bubbles cannot be brought completely to vanish. 

Annealing reverses the whole phenomenon. The small 
changes of density observed in the first phase may be easily 
accounted for; it is probable that during these stages of anneal- 
ing the re-arrangement of molecules and disappearance of strain 
is accompanied by expansion inward, toward the vacua. Hence 
the incommensurately small variation of mean density which 
accompanies the great optical effects (glass), and the great 
electrical effects (steel).t During the second stage of anneal- 
ing, again, the density-effect is incommensurately large; for 
glass it is the expression of a mere collapse due to atmospheric 
pressure. At all events the density-effect (error) due to bub- 
bles quite swallows up the density-effect due to strain. Hence 
to represent the true relation of density and resistance or of 
density and annealing temperature in case of steel, it may be 
necessary to lower the part of the curves corresponding to the 
second place of annealing by amounts equivalent to the bubble 

*P.R. drop No. 1, heated intensely in a blast lamp and cooled in air shows @ 
decrement of density. This is due to the rapid cooling. For when this drop is 
heated and cooled in the crucible, density is again incremented. The experiment 
shows the tendency of glass to retain strains. During the heating to 1000° no 
expansion of the very small bubbles was observable. 

+ The electrical and optical criteria may be considered equally sensitive. 
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or fissure discrepancy, or else for like reasons to raise the 
parts of the curves corresponding to the first phase. If this be 
done the cireumflexures become less pronounced or disappear, 
and the points for the commercial soft state are more easily 
referred to the curves to which they belong. If, therefore, 
allowance be made for the distortion due to internal sensible 
pores, the relations become more uniform. 
It is interesting to observe that glass retains the volume-ex- 

pansion corresponding to a temperature somewhat below 900° ; 
whereas steel retains the volume-expansion of a temperature 
below 400°. Similarly the strain in steel is very perceptibly 
affected by annealing temperatures as low as 50°, whereas for 
glass the perceptible annealing effects are only incipient even 
at 200°. The amount of strain retained is, cet. par., not merely 
a function of the viscosity of the material subjected to quench- 
ing. It must depend also on the heat conductivity of this 
substance. For instance, if like figures of glass and of steel be 
quenched alike, then at the same time and depth the thermal 
gradient would be much steeper in the case of glass than in the 
case of steel. Hence, cet. par., during quenching a rigid 
shell is possible in the case of class for bigher temperatures ” of 
the core than in the case of steel. The sudden contraction of 
the shell pressure has a marked effect on the melting point or 
degree of fluidity of the core. But it is best to waive this 
observation here, for the want of data to interpret it. 
We have finally to consider the bearing of the results of 

this paper on the structure of steel. The detailed similarity 
observed in the annealing of glass and of steel suggest the in- 
ference that the interior of hard steel may be sensibly fissured. 
Under all circumstances the diagrammatic structure of dense 
shell and rare core would be inaccurate to the extent in which 
these fissures are irregularly distributed. Hence the difficulty 
of developing the true character of the dependence of the 
density (0) at any point upon the distance of this point below 
the surface. We are able to account in part for the quasi-har- 
monic relations obtained both by Dr. Fromme* and by our- 
selves.t While the consecutive shells are being removed by 
solution, periodic fluctuation of 6 must result whenever fis- 
sures are invaded. If, furthermore, we take into consideration 
that the density effect of even great intensities of temper-strain 
is small, it appears that the true nature of the strained structure 
of tempered steel may be beyond the discernment of the den- 
sity-method of investigation, altogether. The gross variation 
of density along the radius is a carburation phenomenon. 

Retrospective. 

In our earlier work on steel we adverted to the singular co- 

* Wied. Ann., viii, p. 356, 1879. + Bull. 35. This volume, p. 386. 
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incidence of the resistance increments corresponding to like 
volume increments, no matter whether the latter be the result 
of temper or of temperature. The light which the new data 
throw upon the internal condition of tempered steel—the tend- 
ency to a fissured structure—shows, however, that this material 
is not as well adapted for the quantitative evaluation of the 
true relation between volume and resistance, as we supposed. 
So long, moreover, as the meaning of the minimum resistance 
and of certain carburation phenomena encountered during an- 
nealing at red heat remains obscure, it is safest to give the said 
relations no more than qualitative importance. The best means 
to the end in question 1s probably to be sought for in the 
compression of mercury. 

With this unimportant exception, the present results have 
materially substantiated our earlier views at every essential 
point. Hence we infer as before that “the annealing of steel, 
considered physically, is at once referable to the category of 
viscous phenomena. In the ordinary cases of viscosity meas- 
urements, the phenomenon is evoked by sudden application of 
stress (torsion, flexure, tension, volame-compression, etc.) under — 
conditions of constant viscosity; in the case of annealing by 
sudden decrease of viscosity under conditions of initially con- 
stant stress. ‘Thermal expansion interferes with the purity of 
these phenomena by destroying the conditions of existence of 
the strain which accompanies hardness, and this in proportion 
as the expansion is greater.”* Again, irrespective of the mani- 
festation of mere Inarcinees s, ‘the existence of the characteristic 
strain in glass-hard steel is the cause of electrical effects 
so enormous, that such additional effects which any change of 
carburation may involve may be disregarded and the electrical 
and magnetic results interpreted as due to variations in the 
intensity of the said strain.”’+ 

This deduction applies of course to the first phase of the phe-. 
nomena of annealing, since it is within these limits that the 
strain in question is brought to vanish. With these results in 
hand we may proceed justifiably toward a study of the ques- 
tion, whether the conditions for the permanent retention of 
magnetism in an iron-carburet are not the identical conditions 
for the permanent retention of any strain. If we select the 
temper-strain for comparison, we do it not merely because our 
experience has familiarized us with this strain, but because of 
the clear-cut beauty of its manifestations, and because of the 
simplicity and pronounced character of the functions which 
describe it. 
Washington—Prague, April, 1886. 

* Bulletin, U.S. Geolog. Survey, No. 14, p. 196. + Ibid., p. 97. 
+t We desire to remark that the principal inferences of this paper lave since 

been substantiated by polariscopic evidence, and by an investigation of the 
density of the consecutive shells of the P. R. drop. These results will be given 
in our next paper, nearly ready. May, 1886. 
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Arr. XLITI.—Upon the Origin of the Mica-Schists and Black 
Mica-Slates of the Penokee-Gogebic Lron- Bearing Series; by 
C. R. VAN HIskE. 

(Published by permission of the Director of the U. 8S. Geological Survey:)* 

THE iron-bearing formation of the Penokee-Gogebic region 
has been traced from Lake Numakagon in Wisconsin to Lake 
Gogebic in Michigan, a distance of more than 80 miles. The 
rock belts of this series traverse the country in a general east- 
and-west direction. They dip quite uniformly to the north- 
ward at an angle usually ranging from 60° to 70°, though 
occasionally the dip is at a lower angle. They he unconform- 
ably upon a series of schists, gneisses and granites, and are 
overlain unconformably by the Keweenaw Series.f 

At Penokee Gap, Wisconsin, the series is, in round numbers, 
13,000 feet thick, of which the upper 11,000 feet are mica- 
schists and black slates,{ which thickness is retained to the 
eastward until Michigan is reached. ‘These upper members 
have been traced continuously from English Lake (chiefly 
in Secs. 5 and 8, T. 44 N., R. 3 W., Wis.) to the Black River 
(Sec. 12, T. 47 N., R. 46 W., Mich.), a distance of more than 
40 miles, their course in this distance being north of east, in 
places as much as 80° north of east (see map).$ 

The present lithological condition of the upper members of 
the formation is quite diverse in different localities. The group 
comprises fine-grained, crystalline mica-schists, black mica- 
slates, greywackes,| greywacke-slates and quartzites. The ex- 
posures at the eastern extremity of the belt at Black River are 
red and white feldspathic quartzites. As we proceed westward 
the exposures found show chloritic greywackes and grey wacke- 
slates. In section 14, T. 46 N., R. 2 E., Wis., the exposures 

* Tn advance of a full treatment of the subject to be included in a memoir on 
the Penokee-Gogebic Iron-Bearing Series, by R. D. Irving and C. R. Van Hise. 

+ This Journal, March, 1885. Dhvisibility of the Archeean in the Northwest, 
by R. D. Irving. 

t Geol. Wis., vol. iii, p 105. 
§ The accompanying map is taken from the article before referred to. For dis- 

cussion of stratigraphical relations and geographical distribution of the Penokee- 
Gogebic Series, see the same article, also Geol. Wis., vol. iii, pp. 100-166. 

| The term greywacke is here used in a lithological sense, in accordance with 
the definition of the term given by Geikie, Text Book of Geology, 2d ed., p. 162: 
“A compact aggregate of rounded or subangular grains of quartz, feldspar, slate, 
or other minerals, or rocks, cemented by a paste which is usually siliceous, but 
may be argillaceous, feldspathic, caleareous or anthracitic. Gray, as its name 
denotes, is its prevailing color; but it passes into brown, brownish purple, and 
sometimes, where anthracite predominates, into black. The rock is distinguished 
from ordinary sandstone by its darker hue, its hardness, the variety of its compo- 
nent grains, and above all by the compact cement in which the grains are im: 
bedded.” 
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show biotitic and chloritic greywackes. Continuing westward, 
the rocks become more and more micaceous, and at Penokee 
Gap, Wisconsin, they are mostly mica-schists and black mica- 
slates, although narrow belts of micaceous greywacke are yet 
found; while the schists at English Lake taken by themselves 
would probably be considered completely crystalline rocks—as 
completely crystalline as some mica-schists in the older gneissic 
formation. These rocks, at present of such widely varying 
character, microscopic study shows to have been originally in 
essentially the same condition. All were once, as some are 
still, completely fragmental rocks composed chiefly of quartz 
and feldspar, mingled in places with a little clayey matter, 
perhaps also with a smal] quantity of fragmental mica and 
some ferrite. The fragmental feldspar is or was very largely 
orthoclase, although plagioclase is usually, and in certain locali- 
ties quite plentifully, found. Measurements of its extinction 
angles show this plagioclase to be of an acidic character, and it 
is probably in great part oligoclase. The proportions and mag- 
nitudes of the fragments of quartz and feldspar vary in differ- 
ent localities. The quantity of feldspar was apparently con- 
siderably greater in the rocks of the western part of the area 
than in those of the eastern part, i. e., was greater in those 
rocks which are now mica-schists and mica-slates than in those 
which have formed the kinds to which the name greywacke is 
here applied. 

As far as the quartzites, greywackes and greywacke-slates 
are concerned the microscope shows that they reached their 
present conditions by processes already fully described by Irving 
and myself.* Briefly summarized, these processes included : 
secondary enlargement of the quartz fragments and in a few 
cases apparently of the feldspar fragments also; the deposition 
or formation zn situ of interstitial finely crystallized quartz; and 
a chloritic replacement of the feldspars, with consequent sep- 
aration of silica. In general, the processes by which the mica- 
schists and black slates have reached their present condition 
are much the same as the above, with the very important dif- 
ference that the feldspars instead of altering to chlorite have 
altered to muscovite and biotite—chiefiy the latter—with an. 
accompanying separation of silica ;+ the result being the produc- 
tion, from a completely fragmental rock, by metasomatic changes 
only, of a rock which presents every appearance of complete original 
crystallization, and which would be ordinarily classed as a genuine 
erystalline schist. 

* Bulletin U. S. Geol. Survey, No. 8. 
+ Lehmann in his work on the “ Entstehung der altkrystallinischen Schiefer- 

gesteine,’ demonstrates the formation of abundant secondary biotite and other 
minerals as accompanying metamorphoses by folding. His work does not state, 
however, exactly how the biotite developed. 
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It is important here to recall the chemical changes which 
occur in the alteration of orthoclase and oligoclase to chlor- 
ite, muscovite and biotite. The average content of silica of 
the following minerals is taken from Dana’s System of Min- 
eralogy: ortheclase, 65 per cent; oligoclase, 62 per cent; 
muscovite, 45 per cent; biotite, 40 per cent; chlorite, 25 
to 80 per cent. Hvidently where the alterations of orthoclase 
and oligoclase to muscovite, biotite, and chlorite have taken 
place so extensively as in the rocks under discussion, it is not 
difficult to explain the presence of the silica which has enlarged 
the fragments of quartz, replaced those of feldspar, and. sepa- 
rated as independent interstitial quartz. One of these altera- 
tions is stated by Tschermak * to occur as follows: ‘“‘ Wenn 
man die dreifache Formel des Feldspathes 3(K,O. Al,O,. 6SiO,) 
mit jener des daraus entstandenen Glimmers K,O. A!,O,. 2Si0, 
+2(H,0.A],0,. 2810,) vergleicht, so eigibt sich, dass von der 
urspriinglichen Menge 6Si0, nur 2Si0, in die neue Verbindung 
tibergehen und 4Si0, tibrig bleiben.” In farther speaking of 
the alteration of orthoclase to muscovite, T'schermak also ob- 
serves: ‘‘Der neu enstandene Muscovit ist 6fters auch von 
Biotit (Magnesiaglimmer) begleitet.” 

For the iron of the biotite in the rocks under consideration, 
it is not difficult to account. Pyrite, marcasite and ferrite 
are quite widely present in these rocks as accessory constituents. 
Often the relations of the pyrite or marcasite and biotite (folia 
of the latter surrounding particles of the former) is such as to 
lead to the supposition that the former minerals have furnished 
the iron necessary for the transformation from feldspar to bio- 
tite. At all events they indicate a quite sufficient supply of 
iron. 

For a part at least of the magnesium of the biotite, it seems 
that we must look to some source extraneous to the feldspar 
fragments ; 1. e., we must regard it as having been supplied by 
percolating waters. That calcium-bearing and magnesium- 
bearing waters have been present in these rocks is evident from 
the occasional presence of secondary calcite and dolomite. The 
case is the same as that presented by the replacement of feldspar 
by chlorite, which has commonly taken place in the greywackes 
of this and other regions in the Lake Superior country. 
Analyses of three of the biotite-schists gave an average content 
of MgO of 2°22 per cent, which if entirely contained in the 
biotite would correspond to a probable proportion of that 
mineral of from 10 to 20 per cent. 

The change from fragmental quartz-feldspar rocks to quartz- 
ites and greywackes in this belt having been produced by 
metasomatic changes, as indicated above, there is a strong pre- 
sumption that the mica-schists and slates are of the same origin; 

* Lehrbuch der Mineralogie, Zweite Auflage, page 462. 
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a presumption which is rendered stronger by the fact that in 
passing from east to west along the belt the biotite first appears 
in minute quantities, becomes gradually more plentiful until it 
equals in quantity the chlorite and farther west grows still more 
abundant, until, at English Lake, little or no chlorite is found 
and we have a typical mica-schist. 

In the detailed descriptions below given of these micaceous 
rocks, I begin with one not greatly different from its original 
condition, and proceed toward those which are more and more 
completely crystalline. There is a considerable interval as to 
degree of alteration between each description and the succeed- 
ing one, but the gaps cannot be made shorter without unduly 
extending this paper. In a study of all the sections of the 
group, some sixty in number, these intervals are closed. 

(1.) Muscovitie and Biotitic Greywacke.—Macroscopically this 
rock is gray-colored, medium-grained, and massive. It breaks 
with a conchoidal fracture. Under the microscope large frag- 
ments of quartz and feldspar, with the alteration-products and 
replacement products of the latter, compose the rock. The grains 
of quartz are enlarged and consequently minutely angular, 
although still retaining their general roundish forms. Much of 
the feldspar is quite fresh, many individuals showing no alteration 
further than a slight kaolinization. Other feldspar fragments, 
however, include each many grains of quartz, or a single large, 
reticulating quartz individual and numerous flakes of musco- 
vite and biotite. Here the quartz, muscovite and biotite are 
plainly replacements and alteration-products of the feldspar. 
In some cases this alteration has proceeded so far as to leave 
but irregular, partly replaced and altered cores of feldspar 
which are entirely surrounded with the secondary quartz, mus- 
covite and biotite. Again, in other places, the original rounded 
outlines of the feldspars are distinct, the replacements and 
alterations having occurred in spots through the grains. The 
finer-grained parts of the rock are composed of quartz, a portion 
of which is clastic; of feldspar—the proportion being smaller 
than in the coarser parts; and of biotite and muscovite. The 
mica is here clearly also, to a very large extent, secondary to 
feldspar, while there is little doubt that the small remaining 
fraction of the mica is of the same origin. Scattered through 
the finer portions of the section are numerous small particles of 
a black substance which is taken to be partly altered pyrite or 
mareasite, and perhaps also partly carbonaceous material. 

(2.) Biotitie Greywacke-—Macroscopically this rock differs 
from (1) only in being of a darker gray color; and under the 
microscope also it is much the same except that the micaceous 
alteration of the feldspars has been carried farther. Well 
rounded fragments of quartz and feldspar with the secondary 
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products of the latter compose most of the section. A few of 
the grains of quartz are finely complex, and nearly all of them 
are enlarged by renewed growths. The alteration of feldspar 
to biotite is nicely shown. ‘The freshest of the feldspar grains 
are surrounded by and more or less deeply penetrated by 
secondary biotite. These grains yet retain their well-rounded 
forms. However, in many cases, the original outlines of the 
grains of feldspar are lost. Often the entire surfaces of the 
feldspars include very numerous particles of the biotite, there 
remaining through such areas, here and there, little spots of 
feldspar which act as a unit in each area. With a low power 
such areas appear to be roundish aggregates of biotite. It is 
only with a higher power that the remaining feldspar and its 
true relations to the biotite are discovered. The rather sparse 
matrix of the rock does not differ materially from the matrix 
of (1). 

(8.) Brotite-schist.—Macroscopically this rock is mottled dark- 
gray and black, fine-grained, and quite massive, showing round- 
ish cleavage-areas. Under the microscope the cleavage-areas 
seen macroscopically are found to be well-rounded, partly-altered 
feldspars. These feldspars are set in a ground-mass which con- 
sists of intimately mingled grains of quartz and small brown 
folia of biotite with a considerable quantity of ferrite. The 
partial decomposition of the feldspar has resulted in the forma- 
tion of very numerous small folia of biotite and a few larger 
ones of muscovite. In places also the feldspar is replaced by 
quartz. In each of the feldspar areas the secondary mica is found 
most plentifully at or near the exteriors of the grains, although 
in almost every case the alteration has proceeded to a greater or 
less degree quite to the center. In the matrix of the rock it is 
quite impossible to determine what part, if any, of the quartz is 
fragmental. ‘T'he biotite of the matrix is in part plainly sec- 
ondary to feldspar and is precisely like that found in the larger 
feldspars. The folia are deep brown and very strongly 
dichroic, and therefore probably bear a large percentage of iron. 
The feldspar plainly shows this rock to have been fragmental, 
and the alteration of feldspar to both biotite and muscovite 
upon a large scale is most beautifully shown. The large quan- 
tity of dark brown and black ferrite has doubtless furnished 
the iron required for the formation of the biotite. The peculiar 
spotted appearance of the section, viewed without the micro- 
scope, gives a clear idea, when taken in connection with its ap- 
pearance under the microscope, of the processes by which the 
rock reached its present condition. 

(4.) Muscovitic Biotite-Schist.—Macroscopically this rock is 
very fine-grained, grayish and quartzose, with very fine mica 
flakes visible. Under the microscope the thin section shows a 
fine grained ground-mass of quartz and feldspar in which are 

Am. Jour. Sci.—TuiIRD SERIES, VoL. XX XI, No. 186, JuNE, 1886. 
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abundant muscovite and biotite. Many of the large quartz 
grains include numerous folia of mica. The feldspar areas 
include quartz and both muscovite and biotite. This section, 
by itself, if not examined closely would be taken to be ofa 
completely crystalline mica-schist in which the interlocking and 
mutual inclusions of the different minerals are of the most 
intricate kind. But, like the other mica-schists of the Penokee 
series, it is an ordinary clastic rock in which the metasomatic 
changes have gone very far. The large areas of quartz, includ- 
ing folia of mica, are in the places of feldspar fragments. As 
the feldspar has altered to mica the excess of silica has sepa- 
rated as quartz. Trequently the alteration of a single feldspar 
has resulted in the formation of a single ramifying individual 
of quartz, with several or many included folia of mica, mingled 
with which are detached remnants of the feldspar. In other 
cases the decomposition of a feldspar has resulted in the for- 
mation of many grains of quartz as well as numerous folia of 
mica. In yet other cases the feldspar areas have not altered 
to such extent as described above. In almost every case the 
rounded exteriors of the clastic grains are lost, but irregular 
areas of considerable size often remain considerable, which in- 
clude but few folia of biotite or little replacing quartz, or both. 

(5.) Muscovitic Biotite-Schist—Macroscopically this rock is 
fine-grained to aphanitic, and dark grayish black, with rather 
distinct lamination. Under the microscope the sections show 
a rather fine-grained, apparently completely crystalline, typ- 
ical mica schist. The ground-mass consists chiefly of quartz, 
mingled with which is feldspar, both orthoclase and plagioclase. 
Biotite in rather small, well-defined folia of quite uniform size is 
very plentiful. Muscovite is much lessabundant. That all the 
mica 1s a secondary product cannot be proved from the sections 
from this locality taken by themselves. A portion of it is, how- 
ever, certainly of this nature. Many grains of feldspar are 
partly surrounded and cut by folia of mica, while many of the 
larger particles of feldspar contain throughout their areas num- 
erous folia of mica which in magnitude and appearance are 
exactly like the mass of the biotite in the rock. Quite numer- 
ous black grains and crystals of a mineral which is taken to be 
pyrite are seen, which are included alike in the quartz, feldspar 
and mica. 

The rocks above described thus furnish us with a graded 
series, from the slightly altered greywackes to the crystalline 
mica-schists. There are many similar mica-schists in other 
parts of the Lake Superior region which there is good reason 
to think have had a similar origin; but those wide-spread 
mica-schists associated with the older gneisses are not now 
referred to. 
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The micaceous alteration of feldspars has also been very im- 
portant in the production of various black mica-slates of the 
Penokee series. Macroscopically these slates are all exceed- 
ingly fine-grained and finely laminated, cleaving readily along 
the planes of lamination. In color they vary from dark gray 
to black. A lens shows many of them to contain numerous 
small particles of pyrite. Very numerous roundish black areas 
are contained in the fine-grained, gray material in many of the 
specirnens. ‘These areas in some cases show distinct cleavage 
surfaces and are taken to be large fragmental particles. In 
other cases they are dull and break without giving cleavage 
surfaces, while in yet other specimens these darker spots are 
not found at all. 

Under the microscope the rocks which have the mot- 
tled appearance described above consist of two parts, a finely 
crystalline matrix, and coarse, well rounded fragmental feld- 
spars, which are always altered to a greater or less extent. 
This alteration is to biotite and quartz, many small folia of 
biotite and grains of quartz always being found in a single feld- 
spar individual. Every gradation of this change is seen, from 
grains of feldspar which contain but little biotite and quartz to 
those in which the remaining feldspar is just sufficient in quan- 
tity to enable one to perceive that the detached particles are 
parts of a common individual. Doubtless also the alteration to 
biotite and quartz has often been carried out completely. Ac- 
companying the biotite thus secondary to the feldspar, 1s much 
black, opaque, partly-altered pyrite in minute particles. The 
black, roundish spots seen macroscopically are evidently the 
partly-altered feldspar fragments. The degree of this alteration 
as determined by microscopic study corresponds exactly with 
the appearance of the rock as seen in the various hand-speci- 
mens. In the specimens in which the feldspar areas are well 
outlined and show clearly marked cleavage surfaces, the biotitic 
and quartzose alteration has taken place to but a small extent. 
In the specimens in which the feldspars are obscurely outlined 
and which lack cleavage the alteration has extended very far. 
The matrices of these rocks and the sections of those not con- 
taining large grains of feldspar are composed of intimately 
mingled quartz. feldspar, biotite and pyrite, with perhaps a 
little organic matter.* A portion of the quartz is certainly 
fragmental, as is evidenced by a secondary enlargement. The 
biotite is all believed to be due to the alteration of feldspar, 
much of it certainly being of this nature. The matrices of the 
different sections vary in coarseness and in the relative propor- 
tions of the various mineral constituents, but are alike in all 
essential points. 

* Geol. Wis., vol. iii, p. 136. 
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ArT. XLIV.—On two masses of Meteoric Iron, of unusual interest ; 
by Wm. Haru HIppeEn. 

In late years the discovery of masses of meteoric iron has 
been of frequent occurrence, and it has become almost un- 

The Independence County, Arkansas, Meteoric Iron. 

Weight ninety-four pounds. 
(ONE-THIRD NATURAL SIZE.) 

necessary to give figures of them, unless of rare form or of 
unusual composition, because of their great similarity. The 
masses here described were not seen to fall, but were discovered 
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in the surface soil, and thus their history is incomplete. These 
two meteoric irons are, however, unusual in several of their 
characteristics and the writer has concluded to describe them 
and give them careful illustration. 

Both of these masses came into the writer’s possession at 
nearly the same time and from the same indirect source, and he 
hence describes them together. They were both on exhibition 
at the World’s Industrial and Cotton Centennial Exposition in 
New Orleans, where they first came under his personal notice, 
and later into his possession. They were received in Newark, 
N. J., last June, at the close of the Exposition, since which time 
several notices of them have appeared in the local press and in 
other publications. 

The larger mass, the one from Arkansas, will be noticed first. 
Figure 1 gives a fair idea of its exterior appearance. 

1. Tue INDEPENDENCE County, ARKANSAS, METEORITE. 

The following extracts from a letter from Mr. John Hind- 
man of Elmo, Ark., dated July 2nd, 1885, sets forth the man- 
ner and time of its discovery. 

‘This meteor was found about the last of June, 1884, by my 
stepson George W. Price, on a mountain known as the ‘Joe 
Wright Mt.,’ a small eminence situated about seven miles east of 
Batesville (Independence County, Arkansas). The soil there was 
cut into deep gullies, which, farther down the mountain side con- 
verged into one. It was where these gullies met that the meteor 
was found. The town of Sulphur Rock is about three miles dis- 
tant, southwest, from the place of the discovery.” 

The weight of the mass is ninety-four pounds. It is seven- 
teen inches long and eight inches thick in its greatest diameter. 
Its surface is pitted with ovoid depressions of various sizes, 
which lie with their longer axes in nearly the same general 
direction. The exterior was aimest black in color and looked 
blistered. No rusty appearance or alteration from oxidation 
was noticed on any part, which would go far to prove that this 
mass had not long been on the earth. Its size is unusual, yet 
several masses described within the past two years exceed it in 
this respect. Its most interesting feature is the presence of a 
hole through it, near the edge, measuring five-eighths of an 
inch in diameter at its smallest part. The situation of this hole 
is Shown in the engraving (fig. 1) by the tie of a ribbon that 
passes through it. The length of the hole is one and three- 
quarter inches, and it is cone-shaped from both sides. 

This remarkable feature is almost without a parallel among 
meteorites. It reminds us of that great ring of meteoric iron,* 

* See this Journal, II, vol. xiii, p. 289, and vol. xix, p. 161. 
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the ‘‘ SIGNET” FROM ARIZONA, which weighs more than half a 
ton, the aperture being large enough for a man to crawl through. 
The presence of holes in masses of meteoric iron is difficult to 
explain. They may be caused by internal explosions, which, 
rending the sides asunder, leave, sometimes a bridge, or else a 
ring of metal, the explosions, resulting from the heat suddenly 
generated by the friction of the mass, in contact with the 
earth’s atmosphere while the mass is moving at planetary speed. 

An analysis, by Mr. James B. Mackintosh, of a piece cut 
from the edge, gave the following results: 

dre) ciebacshiehtinnaags Moding ec baia stil ah aA lh 91-22 
hOsphOrUs: = haste ee eee 0°16 
Nickelyandicobalty: 2 an ee 8°62 by difference. 

100°00 

(Other elements not looked for.) 

2. 

Widmanstitten lines (natural size) on the Independence County, 
Arkansas, Meteoric Iron. 

It belongs to the class ‘ Holosiderite” of Brezina—being 
free of stony matter, and closely resembles the irons of 
Chulafinnee,* Alabama, and Whitfield County,+ Georgia, pre- 
viously described by the writer. 

* This Journal, III, vol. xix, p. 370. + Ibid, vol. xxi, p. 286. 
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The small surface which in fig. 1 shows faintly and in reduced 
size the internal crystalline structure, is better shown in fig. 2; 
which is a reproduction of exact natural size, by the Ives 
process of photo-engraving. 

The Widmanstitten lines in this iron are remarkably perfect, 
unusually so for so large a mass. 

Troilite (FeS), having a bronze color and luster occurs as 
thin seams and veins on the polished face and extends far 
into the mass. Schreibersite, as rather large bright points, was 
also identified. 

This is the second meteoric mass found in Arkansas, up to 
this date; the other being from Newton County,* where it was 
found in 1860. The latter differs from the Independence County 
mass in consisting of much olivine, bronzite and other stony 
matter. 

2. THE cuBOIDAL mMAss OF MeETEoRIc [RON, FROM LAURENS 
County, SourH CARoLina. 

This undescribed mass of meteoric iron was found in 1857 in 
the northwestern corner of Laurens County, South Carolina, 

als 

Meteoric Iron (cuboidal), from Laurens Co., 8. C. (natural size.) 

and was deposited, soon after its discovery, in the cabinet of 
the Laurensville Female College, at Laurens Court House, 5S. C. 

* This Journal, II, vol. xl, p. 213. 
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It remained there until it was sent to the Exposition at New 
Orleans in 1884 as a part of the South Carolina exhibit. The 
writer is indebted to R. W. Milner, President of the Laurensville 
Female College, for the above information, and also for the pos- 
session of the meteorite. 

Its weight is four pounds and eleven ounces. Its shape is 
shown in fig. 3 which is of natural size. 

The perfection of the Widmannstatten lines, as shown in the 
smoothed surface* of fig. 8, is unusual. Their fineness marks 
the mass as belonging to a class of rare meteorites. 

The writer’s attention was directed, at first, to the apparent 
cuboidal aspect of this mass, and with that idea, he had the 
panel smoothed out, as in fig. 8, merely to prove by the inter- 
nal structure, whether or not this shape was accidental. 

The relation of the etched lines to the profile gives evidence 
that in part, at least, the outward shape is due to a uniform 
crystallization of the mass. The perpendicular lines are nearly 
parallel to the two sides (this is better proved while examining 
the mass, in hand), and agree fairly enough with the top and 

bottom sides to be con- 
sistent with a cube. The 
back of the mass is bluntly 
pointed (cone shape) toward 
the left upper side and cov- 
ered with large depressions. 

Wishing to further test 
the homogeneity of the 
mass, 1t was cut through at 
the base of the cone-shaped 
projection on the back and 
the surface shown in fig. 4 
developed. Here the in- 
ternal structure is exhibited 
even more beautifully than 
in fig. 8, and the angles 
are those which octahedral 
crystallization would pre- 
sent on a cubic face. 

All over the mass a thin 
formation of limonite was 

observed, this coating being much thicker over the cuboidal 
faces than on the rough surfaces at the back. The thickness 
of this crust is well shown by fig. 4. 

The dark rhomboidal spot near the middle of fig. 4 was 
found to consist of solid ferrous-chloride (Lawrencite). Several 

* This surface was drilled out naa a lathe, then smoothed, polished and etched 
with diluted nitric acid. 
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similar spots of this same rare species were noticed on the face 
shown in fig. 4. Their deliquescence first attracted attention 
to them. The presence of hydrogen (occluded) was proved by 
simply rubbing the smoothed surfaces with powdered sulphur, 
when instantly, the disagreeable odor of hydrogen sulphide was 
made noticeable. In the action of nitric acid on the smoothed 
surfaces the presence of carbon was also proved conclusively. 
A few words as to what seems to be the point of impact 

when this mass fell. By referring back to fig. 8 and noticing 
the lower right hand edge a nearly straight 
surface of two centimeters iength is seen, 
and as this was a natural flat surface I 
smoothed and etched it, with the result as 
shown in fig. 5. A set of lines, of structure 
at about 90° angle, is at once noticeable, as 
well as an increased fineness of detail as com- 
pared to the other figures. That this face 
is the place of impact the writer has no 
doubt after comparing its surface with the 
other figures. 

A careful analysis by Mr. James B. Mackintosh yielded : 

3. 

Laurens Co. iron. 

Teorey a EBT aa 2 OR Pre een ee Oa 85°33 
ENIehe lesions SAO aa erie be Una rager ey) 13°34 
CS hy ea ar Ry ee SR Bs RICH OR 0°87 
HOS pPhOLUS {ae pee AAs eS on iets be 0°16 

99°70 

Sulphur, trace. Carbon, undetermined. 

These results place this mass among the few that are exceed- 
ingly rich in nickel and cobalt. It approaches in this regard 
the meteorites of Babb’s Mill* (Green Co., Tennessee), Ni 14°73 
per cent [mean of three analyses], and that of Kokomot+ (Howard 
Co., Indiana), Ni 12:29 percent. Its cobalt percentage is prob- 
ably above that of any other on record, being nearly 1 per cent. 

The Widmannstitten figures resemble in their perfection and 
abundance, those shown on the Smith Mountaint (Rockingham 
Co., N. C.) iron described by Smith. This is the fourth mete- 
oric mass found in South Carolina; the others being known 
under the names of the Bishopville§$ (stone); Chesterville ;| and 
Lexington County & (Ruff’s Mt.) meteorites. 

I take pleasure in here expressing my thanks to Mr. Mack- 
intosh for his kindness in furnishing the above analyses. 

Newark, N. J., Dec. 21st, 1888. 

* This Journal, I, vol. xlix, p. 342. 
+ Ibid, ILI, vol. v, p. 155; and vol. vii, p. 391. t Ibid, ITI, vol. xiii, p. 213. 

Fell March 25, 1843. This Journal, II, vol. vii, p. 449. S$ ; »P 
“| Ibid, TI, vol. x, p. 128. - 
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Art. XLV.—WNotice of a new Genus of Lower Silurian Brachi- 
opoda ; by S. W. Forp. 

SEVERAL months since Mr. Walter R. Billings, of Ottawa, 
Canada, sent me a number of wax impressions of the interior 
of a nearly perfect specimen of the ventral valve of the species 
described by the late Mr. E. Billings, in 1862, under the name 
of Obolella desiderata (Paleeozoic Fossils, vol. 1, p. 69). These 
impressions interested me very much, affording, as they did, 
more perfect knowledge of the internal structure of this species 
than had previously been obtained; and I subsequently re- 
ceived from Mr. Billings for study, the specimen itself, which 
belongs to his private collection, accompanied by the statement 
that, in case I might so desire, I was at liberty to publish a 
notice of it. This I some time since resolved to do; but vari- 
ous obstacles have prevented, until now, the fulfillment of my 
intention. 
A careful study of Mr. Billings’s specimen, and an examina- 

tion of the original material used by the late Mr. H. Billings in 
his description of the species, kindly granted me by Mr. J. F. 
Whiteaves, have convinced me that O. desiderata may be taken 
as the type of a new genus, which will probably include several 
described Lower Silurian species. It differs from Obolella in 

Genus BILLINGSIA, n. g. 

Fig. ].—Interior of a nearly perfect specimen of the ventral valve of Billingsia 
desiderata, enlarged four diameters. aa, cardinal, cc, central and dd lateral mus- 

cular sears; g, the groove in the area; s, the spoon-shaped cavity beneath the 
beak or rostrum. 

Fig. 2.—interior of the ventral valve of Obolella crassa Hall sp., enlarged about 
24 diameters. aa, cardinal, cc, central and dd lateral muscular impressions; g, 
the groove in the area; 7, pit into which the groove terminates. 

the form and arrangement of its muscular impressions, in the 
possession of a thinner shell, and in other particulars. For this 
species I therefore propose a new generic name, BILLINGSIA, in 
honor of Mr. E. Billings, the late eminent Paleontologist of the 
Canadian Geological Survey. 
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Generic characters.—Shell thin, calcareous, inarticulate, lon- 
gitudinally ovate or sub-cireular, convex. Ventral valve with 
a solid beak and a minute area, which, in the typical species, is 
erooved for the passage of the pedicle asin Obolelia. Muscular 
impressions in the ventral valve six, one pair situated close to 
the cardinal edge, one on either side of the median line; a 
second, smaller pair, placed directly below the former; and 
outside of the latter a third pair of large elongate or subreniform 
impressions, converging forward. Beneath the rostrum there 
is a prominent spoon-shaped pit or chamber separating the 
above mentioned impressions, with which the groove of the 
area is confluent. In the dorsal valve there are also three pairs 
of impressions disposed in nearly the same manner with those of 
the ventral valve. The dorsal valve is not known to possess 
an area. ‘The surface is concentrically striated. 

If we compare the interior of the ventral valve of Bullingsia 
desiderata with that of Obolella crassa (see figs. | and 2) we shall 
find that they present several important differences. They 
coincide in this, that they each possess three pairs of muscular 
impressions; but the central pair in B. desiderata sustain a dif- 
ferent relation to the cardinals than those of O. crassa, while 
the size, form and disposition of the laterals are plainly distinc- 
tive. Moreover, the large spoon-shaped cavity beneath the 
rostrum has not, so far as [am aware, any exact homologue in 
any known species of Obolella. Its large size and forward ex- 
tension forbid our interpreting itas the homologue of the pedicle 
pit of Obolel/a, although the pedicle very probably terminated 
in it. 

Obolella 2? ambiqua Walcott (Paleontology of the Hureka Dis- 
trict, p. 67, pl. 1, figs. 2 a, 6, c, 1884) has also a thin shell, with 
muscular impressions similar to those of B. desiderata, and will 
probably fall into the same genus. Obolella pretiosa Billings and 
O. Ida Billings (Paleozoic Foss., vol. i, pp. 68 and 71) are also 
thin-shelled species; and, when their internal structure shall 
have been determined, will very possibly prove to be generic- 
ally identical with B. desiderata. All of these species occur 
low down in the Silurian rocks, and apparently at about the 
same geological horizon; &. desiderata and O. Jda having been 
described from the Lévis formation of the Canadian geologists, 
O. pretiosa from the Sillery, and O.? ambigua from the lower 
portion of the ‘‘ Pogonip group” of Central Nevada. 

It is possible that Billingsta should be regarded as only a 
sub-genus of Obolella. My present impression however, is, that 
it probably sustains about the same relation to that genus, that 
the genus Olenellus does to Paradomides. 

Schodack Landing, N. Y., March 2d, 1886. 
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SCIENTIFIC INTELLIGENCE. 

I. PHysiIcs AND CHEMISTRY. 

1. On the Law of Gaseous Flow.—Hrrn has published an 
extended memoir on the law of flow of elastic fluids, in which he 
has given the results of experiments made to determine whether 
a gas under a constant pressure flows into a reservoir where the 
pressure, also constant, is less than its own, with a velocity 
ey increasing as the pressure in the reservoir decreases 2 

whether there exists a limiting velocity which is attained 
aya this second pressure is zero. Theoretically two kinds of 
equations have been employed to express the law of flow. In 
one of these, the work of expansion is neglected; in the other, 
more recent, it is included. Comparing ‘together the volume- 
equations of the two kinds, it appears that they both give a 
maximum value for the volume of gas flowing under constant 
pressure into a reservoir where the counter-pressure is variable. 
As to the velocity-equations, the former indicates a continual 
increase in velocity from zero to infinity with decreasing pres- 
sures in the reservoir; while the latter, or Weisbach’s equation, 
on the contrary, gives velocities converging toward an upper 
limit, attained when the gas passes into an absolute vacuum. 
Experiment then is to be invoked to decide, 1st, whether there 
is such a maximum value for the volume of gas thus flowing, and 
2d, whether the velocity of the flow tends toward a limiting 
value as the counter-pressure diminishes. The apparatus con- 
sisted of a weighted gasometer of known capacity, which forced 
air through a suitable orifice into a reservoir kept exhausted by a 
water-pump. Five forms of orifice were employed, two of which 
were simply conical openings in a thin plate of brass 8™™ thick, 
and the others conical ajutages, whose side formed angles of 13° 
and 9° respectively with the axis, one of the two latter terminat- 
ing in a cylindrical glass tube. The pressure in the gasometer 
was maintained constant by the weights upon it, and the flow 
was measured by noting electrically its rate of fall. The varying 
pressure in the reservoir was also recorded electrically. Repre- 
senting graphically the results of the experiments, it appears 
that the maximum value to which the volume-equations point 
has no existence; and that with regard to the velocity of flow, 
the limiting value indicated by the equation of Weisbach, has 
equally no foundation in fact. Hence the author concludes that 
the true law of gaseous flow produced by difference of pressure, 
is still unknown; and concludes by calling attention to the 
discrepancy between these results and those predicted by the 
kinetic theory of gases. According to this theory, dry air under 
a constant pressure would flow into a perfect vacuum with a 
velocity which cannot exceed that of the gaseous molecules them- 
selves at that temperature, which is about 485 meters per second. 
But in the experiments above mentioned, even under a notable 
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counter-pressure, velocities of 6000 meters per second were 
observed; necessitating it would seem, a revision of the theory. 
—Ann. Chim. Phys., VI, vii, 289-349, March, 1886.  G. F. B. 

2. On the Existence of Nitryl Chloride.—W iuiaMs has ex- 
amined experimentally the common statement of the text-books 
that nitryl chloride not only exists but is readily prepared; 
making use of such reactions as seemed likely to afford this 
compound. In the first, phosphorus oxychloride was allowed to 
drop from a tap funnel upon pure dry lead nitrate contained 
in a flask connected with a condenser. But only a few drops of 
a yellowish red liquid were obtained; the gas which escaped 
continually, having the properties of chlorine, while reddish 
vapors appeared in the flask. Then in the same apparatus, pure 
nitric acid was allowed to drop on the phosphorus oxychloride 
contained in the flask. More distillate was. now obtained but the 
oxychloride was also always present. On treating nitric acid 
and phosphorus oxychloride in equivalent proportions in sealed 
tubes for two hours at 100°, two layers appeared, the upper deep 
red and mobile, the lower yellow and viscid, most probably 
phosphoric acid. On opening the tubes, chlorine and hydro- 
chloric acid gases escaped. Dry fused potassium nitrate was 
then placed in a test tube and sulphuric chlorhydrin was poured 
upon it. Heat was evolved and chlorine and nitrogen tetroxide 
were given off in large quantity. On passing the vapors through 
a condenser cooled to—18°, a small quantity of a deep red liquid 
was obtained which proved to be a solution of chlorine in 
nitrogen tetroxide. Sulphuryl dichloride was then sealed up 
with an equivalent quantity of potassium nitrate and heated to 
100° for several hours. A certain amount of red gas was formed 
and on opening the tube chlorine was collected over hot water. 
Hence the author infers that in general whenever a uitrate is 
acted upon by an acid chloride, nitryl chloride is not obtained as 
such but only its constituents, nitrogen tetroxide and chlorine. 
Three series of experiments were made to form nitryl chloride by 
direct synthesis. In the first, the chlorine and nitrogen peroxide 
were passed through a red hot tube, as Hasenbach suggested. 
But since the tetroxide decomposes at a red heat into the dioxide 
and oxygen, it was probable that the product would be nitrosyl 
chloride; and this was found to be the fact, as was proved by 
analysis. In the second and third the mixture was passed 
through a large U tube, filled with broken glass and heated to 
130°-150°. The product was a red volatile liquid, whose ob- 
served vapor density agreed best with that calculated on the 
hypothesis that all the chlorine was free. In the third series, 
however, the distillation was continued for a short time only and 
the accordance was closer. The author concludes therefore, that 
nitry! chloride cannot be formed by direct synthesis ; the pro- 
duct, like that obtained by the other methods, being merely a 
solution of chlorine in nitrogen peroxide.—J. Chem. Soc., xlix, 
222-233, April, 1886. Gui. B: 
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3. On anew Oxide of Zirconium, and on its use in the Deter- 
mination of this element.— W hile making an analysis of the mineral 
koppite, Barry found that a precipitate contaiming ferric oxide 
yielded a notable quantity of zirconia on treatment with tartaric 
acid and ammonium sulphide. On redissolving it and adding 
hydrogen peroxide to the solution, a white bulky precipitate was 
obtained which after washing, gave with hydrochloric acid and 
potassium iodide, on heating, free iodine; proving the presence 
of a peroxide. This reaction, Cleve had observed about the same 
time, and had assigned to the new oxide the formula Zr Ox eke 
investigate this substance, Bailey prepared zirconium-potassium 
fluoride by Wohler’s method, converting this salt into the sul- 
phate, and precipitated the. solution directly with hydrogen 
peroxide. A portion of the moist peroxide was distilled with 
hydrochloric acid in a small flask, the distillate being passed into: 
a solution of potassium iodide, ‘and the iodine set free being 
determined by Bunsen’s method. In the residue in the flask the 
zirconia was determined directly. The result gave Zr 69°564, O 
30°436. Since the moist precipitate after standing three months 
gave Zr 69:284, O 30-716, the author infers that the new oxide 
is perfectly definite and stable. From these figures, the formula 
of the new oxide is Zr,O,. Freshly precipitated it is less readily 
soluble in dilute sulphuric acid than zirconia and hence the two 
may thus be separated in the cold. The author calls attention to 
this reaction as a convenient means of separating zirconium from 
the elements likely to be associated with it. Iron and alumina, 
as Cléve has shown, are not precipitated by hydrogen peroxide, 
nor is titanium, niobium, tantalum, tin, or silicon. A very dilute 
solution does not effect the precipitation but with a moderately 
concentrated one the precipitation is complete. When of such a 
strength as to yield 120 vols. of oxygen on heating, hydrogen 
peroxide precipitates Zr,O, at once and compietely from its solu- 
tion in sulphuric acid. Even if it yields only 20 vols. of oxygen, 
the solution effects a complete precipitation on standing for a 
short time.—J. Chem. Soc., xlix, 149-152, March, 1886, 4a. F. B. 

4. On the determination of Vanadium by means of Oxycel- 
lulose.—In studying the properties of oxycellulose, produced 
from cellulose by oxidation, Wirz observed, some time ago, the 
decided property which it possessed of fixing basic coloring 
matters, especially metallic oxides. In connection with Osmonp, 
he now suggests the use of this property in chemical analysis, 
since, other things being equal, the proportion of a base fixed on 
a given weight of oxycellulose is a function of the quantity 
contained in the bath. So that if the base is itself colored, or if 
it may produce color by the action of a convenient reagent, a 
very delicate reaction may thus be developed. In the present 
paper he considers its application to vanadium salts, using for 
this purpose the well known reaction with potassium chlorate 
for the preparation of aniline black. The method requires five 
operations: (1) preparation of the strips of calico partially 
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transformed into oxycellulose, by paste printing. (2) immersion 
in the vanadium bath for a definite time, rinsing and drying at 
40°, (3) printing the strips sewed end to end, with bands of the 
usual mixture of aniline black less the vanadium, (4) developing 
the black in the oxidation chamber, and (5) classification. In 
testing the process, hypovanadic chloride was prepared from the 
metavanadate of ammonium by the action of hydrochloric acid, 
the reduction being effected by means of glycerin, the excess of 
acid being removed by evaporation, and the solution diluted. 
Six baths were thus prepared, containing progressively decreas- 
ing quantities of vanadium from one tenth to one millionth of a 
milligram per liter. The duration of the immersion was 8 
hours at 15°. The specimens were prepared by Osmond at 
Creusot and classified by Witz at Rouen. The order of classifi- 
cation was exactly that of the dilution, the strip treated in the 
sixth bath which contained only one millionth of a milligram of 
vanadium per liter being sharply distinguishable from that 
treated with pure water. The authors give the effects produced 
by the presence of foreign salts upon the result, and say that by 
this test they have been able to detect the presence of vanadium 
in the water supplied to Creusot and in the mineral water of 
Saint Honoré-les-Bains; but not in the body of a sheep of the re- 
gion.— Bull. Soc. Chim., Il, xliv, 309-315, March, 1886. G.F. B. 

5. On the Physical Properties of the C,H,,,. sertes of Hydro- 
carbons from American Petroleum.—Barrout and STRACCIATI | 
have examined the physical properties of twelve hydrocarbons of 
the marsh gas series prepared by careful fractioning, from Penn- 
sylvania petroleum. They find that as the molecular weight in- 
creases, (1) the expansion-coeflicients, both between 0° and 30° and 
between 0° and the temperature of ebullition, decrease regularly ;. 
(2) the molecular volumes at the boiling point are not the same 
as those which are calculated by Kopp’s ; formula; an increase of 
CH, not always corresponding to the same increase of molecular 
volume, the differences being superior to errors of observation ;, 
(3) the capillary constants a and a, measured at the ordinary 
temperature, increase continuously, thus disagreeing with Wil- 
helmy’s result ; (4) the coefficients of friction at the temperature 
of 22° to 23° increase rapidly and with regularity; (5) the index 
of refraction measured for the line D, increases regularly; (6) 
these hydrocarbons have nearly the same specific heat; (7) they 
do not conduct the electric current; and (8) they have specific 
inductive capacities which follow Maxwell’s law. The precise 
values are given in a table —Ann. Chim. Phys., VI, vii, 375-883, 
March, 1886. G. F. B. 

6. On the Synthesis of Conine.-—LapENBURG has studied the 
reaction of paraldehyde upon a-picoline, with a view to the 
synthesis of conine. The reaction requires a high temperature, 
the yield even at 250° being small. The product was an oily 
liquid difficultly soluble in water, having a boiling point at 190° 
195° and having an odor like conyrine. Analysis gave numbers. 
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near those of an allylpiperidine. This oil readily underwent 
reduction and gave almost the theoretical quantity of a base the 
hydrochlorate of which was a white crystalline permanent salt. 
The cadmium-double iodide was prepared, and like that of conine, 
was an oily liquid solidifying on contact with a crystal-fragment. 
On re-crystallization it gave well formed crystals exactly resem- 
bling the conine salt, fusing at 117°-118°, and affording coinci- 
dent numbers on analysis. From the mother liquors a base was 
obtained which had the odor and solubility of conine, and 
whfch boiled at 166°-170°. The hydrochlorate made from this. 
formed brilliant needles fusing at 203°. The author believes 
therefore that the new base is probably identical with conine.— 
Ber. Berl. Chem. Ges., xix, 489-441, March, 1886. G. F. B. 

7. On the Chemical Action of Bacterium aceti.m—BRrown has 
studied the chemical action of pure cultivations of Bacteriwm 
aceti upon various organic substances. The ferment used was 
originally taken from the surface of a beer which had been ex- 
posed to the air in a warm place till acetic fermentation had set 
in. It was inoculated into the first of a series of 10 test tubes, 
containing a sterilized solution of 2 per cent ethyl alcohol in 
yeast water; an inoculation being made to the next tube as soon 
as a visible growth was observed. Ethyl and propyl alcohols 
were readily converted into acetic and propionic acids respect- 
ively. Dextrose in a 2 per cent solution, yielded gluconie acid. 
Sucrose in a 4 per cent solution, underwent no change. Manni- 
tol was completely oxidized by JB. aceti and yielded mainly 
levulose. By sodium amalgam, this levulose as well as that from 
inulin and invert sugar may be re-converted into mannitol.—J/. 
Chem. Soc., xlix, 172-187, March, 1886. G. F. B. 

Il. GroLtocy AND MINERALOGY. 

1. Note on the occurrence of OLENELLUS (?) KJERULFI in 
America; by F. G. Matrnew.—A good deal of interest attaches 
to the occurrence of this species in America, as its position in 
Europe is beneath that of the beds carrying Paradoxides, while 
in America the genus Olenellus is supposed to belong to the 
Middle Cambrian—the horizon corresponding to the Olenus- 
bearing measures of Kurope. 

In New Brunswick this species has not been found in the St. 
John Basin of Cambrian rocks, but it occurs in that of the Kenne- 
becasis river, where it is associated with a number of species 
found in the St. John Basin in the bands ¢ and d of Division 
I. The species are similar and in some cases identical with those 
of the Menevian Groups of Wales. The band ¢ of the Saint John 
Basin which corresponds more nearly to the Solva group in its 
fauna than to the Menevian, has been well explored, and if O. (?) 
Kjerulfi were common in it, it would probably have been found 
ere now; but it has not been met with. If this species were 
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present in America at a horizon corresponding to that at which 
it occurs in Europe it should show itself in band 6 of Division I, 
but so far it has not been recovered from this horizon; on the 
contrary the species found to be associated with it in the Kenne- 
becasis Basin are mostly those that belong to band d or higher 
measures. 

In Newfoundland O. (?) 4Ajerulfi occurs in association with 
Agraulos strenuus, Hyolithes Micmae, etc. The two species 
named occur in Division I, band e in the St. John Basin, and 
the second occurs also in d. 

Olenellus (?) Ejerulfi, was originally described as a Paradoxides 
by Linnarsson, but Prof. W. C. Brogger referred it subsequently 
to Olenellus. It is perhaps doubtful if the species belongs there : 
the peculiar pygidium of Olenellus has not been recorded in con- 

- nection with it, and the eyelobe is that of Paradoxides. But on 
the other hand the glabella is not enlarged in front as in the true 
Paradoxides, and all the furrows turn backward as in Olenus and 
other genera of the Middle Cambrian. Among true Paradoxides, 
P. Acadicus in its straight-sided glabella, its moderately arched 
and uniformly narrow eyelobes, and its granulated test, appears 
to be more closely allied to this species than any other. 

St. John, N. B., Aprii, 1886. 

2. Geological formations underlying Washington and vi- 
cinity. Report of the Health Officer of the District of Columbia, 
for the year ending June 30, 1885. [By Smita Townsenn, 
M.D., Health Officer.| Washington, 1886. (8vo, pp. 1-160, fold- 
ing plates 1-16+3.)—In addition to the customary sanitary, 

hygienic, statistical and administrative matter, this report con- 
tains the substance of a communication from the office of the 
U.S. Geological Survey, embodying some preliminary results of 
an elaborate survey of the District of Columbia, in which the for- 
mations underlying Washington and its environs are for the first 
time clearly discriminated and named. 

It appears that Washington is located in a triangular depres- 
sion or amphitheatre, rising 20 to 80 feet above tide, bounded 
on the east, north, and southwest by bluffs rapidly ascending by 
successive terraces to altitudes of 150 to 300 feet, and traversed 
by the Potomac river, the Kastern Branch, and some minor 
streams. Within this amphitheatre and rising about its periphery 
(except on the east) to an altitude of about one hundred feet is 
a well defined Quaternary deposit to which the name Columbia 
formation isapplied. Its upper portion consists of loam or brick- 
clay, and its lower of sand, gravel, bowlders (up to four or five 
feet in diameter), or all combined. Its thickness is variable, the 
upper member ranging from almost nothing to perhaps 20 or 30 
feet, and the lower from perhaps 1 to 20 feet. The deposit is 
more or less distinctly stratified throughout, particularly in its 
lower division; and at the base it frequently becomes a simple 
bed of bowlders and gravel, without considerable admixture of 
finely comminuted materials. The entire formation appears to 

Am. Jour. Sc1.—TuHirD SERIES, VOL. XXXI, No. 186.—JuNE, 1886. 
30 
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represent a subaqueous delta of the Potomac river, formed when 
the sea rose far above its present level and fashioned the marine 
terraces exhibited in the bluffs. Its absence above sea level east 
of the Eastern Branch may be attributed to a dislocation (of 
which there is other evidence) trending parallel with the Appa- 
lachians and the Atlantic coast. The most extensive formation 
in the District is that hitherto known as “ Newer Mesozoic” in 
Virginia, and “Tron Ore Clays” in Maryland. It is denominated 
the Potomac formation. In structure and composition it is bipar- | 
tite, the upper portion consisting of highly colored banded and 
mottled clays, with intercalations of sand and quartzose gravel, 
and the lower of sand and gravel with intercalations of clay. In 
both divisions stratification is inconstant and often absent, and 
the materials are sometimes indiscriminately intermingled. The 
formation is practically destitute of fossils in the District, but 
yields abundant plant-remains in Maryland and Virginia. It 
appears to consist of inosculating deltas of the Potomac and 
other Atlantic coast rivers and the littoral deposits into which they 
merge, laid down along a bay-indented coast upon a highly 
inclined and irregular sea-bottom produced by combined depres- 
sion and sea-ward tilting of a deeply corroded land surface in late © 
Jurassic or early Cretaceous time. The Potomac formation rests — 
everywhere on the eroded edges of highly inclined gneiss which 
has not yet been thoroughly studied, but which is probably an 
extension of that of New York and Philadelphia. 

W. J. McG. 

3. Theories of Ore-deposits; by M. E. Wapsworrtu. (Proc. 
Boston Soc. N. Hist., xxii, 197.) —Professor Wadsworth, after 
referring to a tendency to change in the minerals of igneous and 
metamorphic rocks, and speaking of the unstable condition as a 
consequence of origination at high temperatures, explains the 
changes by appealing to “percolating waters” and “external 
agencies,” and refers to the same causes the “segregation or 
localization of ores” into veins, where such veins are not directly 
of igneous origin. His closing paragraph (p. 208) is as follows: 
“The general alteration manifests itself in a universal chemical 
or molecular transference—a transference of material, leading to 
the segregation or localization of the ores in the places in which 
they are now found; it manifests itself in the deposition of min- 
eral matter in the veins and cavities of the rocks themselves, in 
deposits from springs in bogs, lakes, ete. From this it would 
follow that all ore-deposits not eruptive are superficial phenomena 

as regards the earth and dependent on its external agencies, 
although they may be deep enough so far as man is concerned. 
Again, few of these ore-deposits would be expected except in 
regions in which percolating waters and their resulting metamor- 
phism have been efficient agents; while the various forms of ore- 
deposits would be expected to be associated with and grade into 
one another.” 

The method urged appears to exclude any aid in the making of 
veins from vapors of water or other material ascending from the 
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depths of fusion along with the igneous rock, and also, the agency 
of any vaporized materials derived from the walls of the fissures 
through the heat, any part of which walls may, as far as is known, 
yield ores, and the last few miles of which may intersect rocks 
containing a per cent or so of moisture (0°6 per cent would be a 
pint to the cubic foot of rock), or holding bodies of fresh or salt 
water between the beds. Subterranean waters have come from 
above and may be included among ‘external agencies;” and if 
so, the theory is wide enough to cover a large part of vein-making, 
and so far falls in with views that have been advocated by others. 

4. On Slaty Cleavage and allied rock structures with special 
reference to the mechanical theories of their origin ; by ALFRED 
Harker, M.A., F.G.S. Brit. Assoc. Rep. for 1885.—This is a 
thorough, partly mathematical, and judicious discussion of the 
subject of slaty cleavage. The general conclusion is expressed 
in the following statement from page 38: ‘ The theories discussed 
in the foregoing pages make the cleavage of rocks a result of 
lateral thrust operating throughout larger or smaller tracts of 
country ; and the extreme stages of the structure, which involve 
mineralogical as well as lithological changes, a consequence of 
the intense stresses in the earth’s crust to which mountain-systems 
owe their structure.” While admitting that the impression of 
the cleavage structure is of later date, in the main, than the tilt- 
ing and flexures observabie in them, he still regards the cleavage 
and folding as concomitant though not simultaneous effects of the 
same lateral pressure. 

5. Index der Krystaliformen der Mineralien von Dr. Victor 
GorpscumiptT. Vol. I, part 1. 280 pp., large 8vo. Berlin, 1886 
(Julius Springer).—The task which the author has undertaken is 
one of very great magnitude, namely, the presentation of a com- 
plete catalogue of the forms observed on the crystals of each 
mineral species, with the names of the observers, the letters em- 
ployed by different authors, the literature, and so on. The part 
now issued, of 288 pages, is only half of the first volume, and the 
whole work is to consist of six such parts in three volumes. The 
Intreduction includes the development of the special symbols 
employed by the author, with the forms of calculation adapted to 
them, and also a very thorough explanation of the mutual rela- 
tions of the different systems of notation for the planes of crystals 
from Hatiy down. The author’s general symbol (except in the 
hexagonal system) takes the form pq, which is equivalent to the 
hkl ot Miller reduced to a form where the / is unity, that is, in 

general pg= ae It is shown that this form brings out clearly 

the relations of the planes and lends itself easily to purposes of 
calculation. ‘Those who have become familiar with the system to 
which the name of Miller is ordinarily attached will be slow to 
believe that any other system can be at once so clear and con- 
venient, and will be likely to go further and question the desira- 
bility of introducing a new system at a time when so great a 
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degree of uniformity has been attained among the workers in all 
countries. The author, however, may fairly be regarded as 
having won for himself the right to have his methods carefully 
studied, and their claims fully considered, by the admirably 
thorough and complete way in which he has expounded the not 
often understood systems now gone out of use, especially those of 
Mohs and Hausmann. The same exhaustive methods have been 
devoted to the elaboration of the catalogues of planes, as the fre- 
quent lists of corrections that are given for the statements of 
earlier authors show, and to the complete tables for transforming 
the symbols from the form belonging to the position of one author 
to that of another. In this matter of the orientation of the 
crystals of each species, the author has shown himself more 
arbitrary than could have been desired. Simplicity of form of 
the symbols is in his view the one controlling condition, to which 
questions of isomorphous relations (‘“‘ analogies”) and all other 
points are to be subordinated. Thus he deviates from the 
accepted position for aragonite, although the reasons for its 
acceptance are so strong, and makes the prism a macrodome, and 
similarly in many other cases. The work, however, is one which 
no thorough mineralogist should be without, even if he is not 
inclined to follow it in all respects. 

6. Catalogue of Meteorites.—A new catalogue of the large 
collection of meteorites in the British Museum has been recently 
issued by Mr. L. Fletcher. The catalogue is also a guide to that 
department of the Museum and contains an interesting “ intro- 
duction to the study of meteorites.” As is well known, the col- 
lection is one of the finest of the world both as regards numbers 
and the size of the specimens represented ; 360 distinct falls are 
included in the catalogue. 

7. Brief notices of some recently described minerals.—EMMONS- 
ITE is a ferric tellurite from the neighborhood of Tombstone, Ari- 
zona, exact locality unknown. It occurs in translucent crystal- 
line scales of a yellowish green color, imbedded in a hard brown- 
ish gangue consisting of lead carbonate, quartz and a brown 
substance containing the hydrated oxides of iron and tellurium. 
The crystallization is probably monoclinic, the specific gravity 
about 5. The material was scanty and not entirely pure, so that 
the results of the chemical analyses were somewhat doubtful. 
The mean percentages accepted, after deducting impurities, are : 
Te 58°75, Se 0°53, Fe 14:29, H,O present, but amount uncertain. 
It is concluded that the mineral is a ferric tellurite, but the for- 
mula is doubtful and further examination is needed to establish 
its true relations. Dr. Gentb states that it is distinct from his 
Serrotellurite. Named after Mr. 8S. F. Emmons, of the U. 8. Geol. 
Survey, by W. F. Hillebrand.—Proc. Col. Sc. Soc., ii, part I, 1885. 

KatnosirE (from xa@zvos, unusual) is from Hitterd, Norway. 
The only specimen known is a fragment of a large six-sided prism 
(orthorhombic or monoclinic), showing two cleavages at an angle 
of nearly 90° with each other. It is translucent, of a yellow- 
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brown color and greasy luster. The hardness is 5°5 and the spe- 
cific gravity is 3°413. The mean of two analyses of material 
dried at 100°, gave: 

Sid. Y.O;Er20; Ce.0; CaO MgO FeO Na,O CO, 4H,20 
34°63 37°67 tr. 15°95 0:03 0°26 0°40 5:90 5°26=100°10 

The composition of the mineral is so remarkable that it is to be 
hoped that more specimens for examination may be found. A. EH. 
Nordenskidld in Geol. For. Forh., Stockholm, viii, 148, 1886. 

HyDROGIOBERTITE is a hydrous carbonate of magnesium occur- 
ring in spherical forms which are compact and of a light gray 
color. Imbedded in them are minute crystals of magnetite. The 
specific gravity is 2°149-2°174. An analysis yielded : 

MgO CO. H.0 
44°91 25°16 297937 LOO 

which corresponds closely with the formula 2MgO, CO,, 3H,O. 
The mineral was found in an isolated mass of augite porphyry 
from the neighborhood of Pollena.—E. Scacchi in Rend. R. Accad. 
Napoli, December, 1885. 

8. The various forms in which gold occurs in nature.—Profes- 
sor W. P. Buaxke has contributed to the Report of the Director 
of the U.S. Mint for 1884 an article of twenty-five pages on the 
forms of native gold. He summarizes the observations of the 
various authors, giving a series of figures of the commonly occur- 
ring forms of crystals; to these he adds some original observa- 
tions upon the peculiar distorted and cavernous crystals from 
California, which are fully illustrated. The remarks on the 
occurrence of gold in different localities, upon gold nuggets, and 
other points will also be read with interest. 

Ill. Borany. 

1. Handbook of Plant Dissection; by T. C. Artuur, M.Sc., 
Cuares N. Barnes, M.A., and Joun M. CouttEr, Ph.D., edi- 
tors of the Botanical Gazette. New York: Henry Holt & Co. 
1886; pp. 256, 12mo.—These three act ive botanists and teachers, 
mostly Professors in Indiana colleges, where botany is much in 
advance, have conspired to furnish their students and all others 
who may be advantaged thereby with a succinct manual for lab- 
oratory use in elementary vegetable biology. Their work appears 
to be a very painstaking and faithful guide and helper to a kind 
of botanical work which is now popular, and for which great and 
various facilities—instrumental and other—have recently been 
supplied, by which such investigation is rendered practicable and 
profitable. So that now—thanks to the increase of good teachers, 
and of such helps as books of this sort—histology and organ- 
ogeny are becoming a part even of elementary botanical educa- 
tion. The results are hopeful. For intending medical students, 
who cannot pursue botany far, and who early need this special 
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training, the biological laboratory offers the most needful train- 
ing from the beginning. But it may be questioned whether, for 
common education, there is not a tendency to introduce histology 
too early into the course; also to treat it too technically and so 
to say Germanically. This tendency is most natural under the 
circumstances; but as our writers and teachers grow stronger in 
their grasp, they may be expected to discard a deal of super- 
fluous terminology,—some wholly superfluous, more of it unnec- 
essary for the occasion. Among these terms perhaps the most 
abhorrent are those (such as pollen-spores) which come from 
taking Cryptogamia as the norm, and imposing its terminology 
upon Phanerogamia. Nomenclature is one thing: homology is 
another. We do not usually say “ stamen-leaves” and the like. 
The Germans of our day excel in investigation and supply 
excellent material. But they seem to lack the gift of exposition 
and the sense of proportion; and so, for educational purposes, 
their writings need something more than translation. 

The remarks we have been led into are not specially apropos 
to the present little book, which is a really commendable one for 
its purpose. A. G. 

2. Japanese Botany.—The sixth fascicle of Diagnosis Plan- 
tarum Novarum Asiaticarum, by Dr. Maximowicz, of St. Peters- 
burgh, issued in February, 1886, contains several Japanese plants, 
communicated with drawings, and named by Jlt6 TYokutaro. 
Among them is “ Podophyllum japonicum, Jto,” of which, as we 
understand, Maximowicz has seen a drawing only of the flower- 
ing plant, and analytical figures. It differs from other species of 
the genus in having ternate leaves, is 6-petalous and 6-androus: 
and, as the dehiscence of the anthers is not made out, the genus 
is quite uncertain. There is also another species from Japan, so 
very like our own P. peltatum that Maximowicz so names it, with 
a mark of doubt, because it has only six stamens. Formerly only 
our single American species was known; now we have indica- 
tions of four or five East Asian and Himalayan species. Other 
notable plants described in this paper are such as a new Micro- 
rhamnus from Japan and China; and Platypholis,a genus from 
Bonin Islands near to Conopholis. In a review of the genus 
Gleditschia, Dr. Maximowicz shows that two Chinese species go 
far to invalidate Gymmnocladus, a genus which we had supposed 
was most distinct. A. G. 

3. American Desmidiee.— Bidragtill Amerikas Desmidiefiora, 
of G. Lacrruerm, is the title of a well-elaborated paper, sepa- 
rately issued from the Proceedings of the Royal Academy of 
Science of Stockholm, xlii, No. 7, published at the close of the 
last year. A good share of the specimens here studied and sys- 
tematically enumerated are said to have been derived from the 
bladders of Utricularie preserved in herbaria, notably those of 
the Stockholm Museum and at Upsala. The author’s method of 
preparation is detailed in the Bot. Centralblatt, xvii, No. 19, 
1884. His principal habitats are Cuba, Georgia, and Tewksbury, 
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Mass.; the former derived from the late Charles Wright’s collec- 
tions, the latter from those of our old friend the late B. D. Greene, 
who lar gely collected aquatic plants in Tewksbury swamp, while 
the collector in Georgia seems to be unknown. A double plate 
contains figures of thirty species. Sixteen species are new or 
newly mend and characterized. I, (E, 

4, Notarisia. Edited by Drs. G. B. pz Toxt and Davin 
Levi. Venice, 1886.—Following the custom of mycologists in 
naming their journals in honor of leading mycologists, two young 
Venetian phycologists have started a journal to be devoted to 
the interests of phycolegy and have named it after the distin- 
guished Italian cryptogamist, the late Professor G. de Notaris. 
The journal is to be issued quarterly, and the first two numbers, 
which have already appeared, give evidence that it will be of great 
service to students of Algw. There is a summary of species of 
marine and fresh-water Algz recently described, together with a 
review of recent papers on Alge. ‘The reviews and summaries 
are very convenient, as they present in a compact form the results 
of papers scattered through a large number of journals. ‘The de- 
scriptions of species are in Latin, but it is to be regretted that the 
reviews are in Italian, a language which comparatively few bot- 
anists can read with accuracy. As all educated Italians can read 
and write French with ease, it would probably not be difficult for 
the editors to substitute French for Italian in their journal, a 
change which would be welcomed by all foreign subscribers, on 
whom Notarisia must depend largely for support. The journal 
also has some original articles of value by Lagerheim, who writes 
in French, and Borzi, while the editors contribute a scheme of the 
genera of Floridece adapted to Ardissone’s Phycologia. The 
articles are illustrated by several lithographic plates.  w. G. F. 

5. Phycologia Mediterranea. By Professor F. ARpIssonE. 
Varese, 1883.—Professor Ardissone, the Director of the Botanic 
Garden. of Milan and President of the Societa Crittogamologica 
Italiana, published in 1885 the first volume of his Phycologia 
Mediterranea in the Memoirs of this Society ; but it is not until 
recently that copies have been received in this country. It in- 
cludes the Floridew and Dictyotacew, and forms a large, well- 
printed volume of over 500 pages. The alge of the Mediterra- 
nean have been studied by botanists of reputation for many years, 
but there has not hitherto appeared any work treating of them 
collectively. The first part of the Phycologia is all that the repu- 
tation of the author as the leading phycologist of Italy would 
lead one to expect. The synonymy is full, the descriptions clear 
and never diffuse, and the notes on distribution and microscopic 
structure show a wide reading and large study. It is to be hoped 
that Professor Ardissone will soon be able to issue a second vol- 
ume including the remaining orders and thus supply the great 
want of a complete treatise on the marine flora of the northern 
coast of the Mediterranean. W. G. F. 
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TV. ASTRONOMY. 

1. Traité de la détermination des orbites des cométes et des 
planétes, par CHEVALIER D’OPPOLZER; édition frangaise par 
Ernest Pasquier. Vol. i. Paris: Gauthier-Villars. 1886. Large 
8vo, pp. 491 and ccix.—The great work of d’Oppolzer is too well 
known to astronomers to need comment, being decidedly the 
most complete and satisfactory work on orbits in existence. 
This translation by the Louvain professor (published at his own 
charges) makes the work easily accessible to those to whom the 
French language is more familiar than the German. It is made 
from the second edition of the first volume of the original. The 
translator had the advice and assistance of the author. He has 
taken care to have the work, but more especially the tables, 
accurately printed. There have been changes both in the text 
and in the tables, but in the main the volume is a reproduction 
of the original. 

This first volume is complete in itself, but it is certainly to be 
hoped that Professor Pasquier will be sufticiently encouraged to 
issue the second volume also. H. A. N. 

2. Publications of the Washburn Observatory of the Uni- 
versity of Wisconsin. Vol. iv, 8vo. Madison, 1886.—This vol- 
ume contains several smaller articles, but the greater part of it 
is occupied with observations of the 303 southern fundamental 
stars for the zones of the Astronomische Gesellschaft. Of 
these in nearly every case six complete observations were ob- 
tained. The later observations, to complete the scheme, were 
made by Mr. Updegraff and Miss Lamb after Mr. Holden’s. 
appointment as President of the University of California, and 
are given in an appendix. H. A. N. 

V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. Elisha Mitchell Scientific Society (Raleigh, N.C.) for the 
year 1884-1885. 100 pp. 8vo.—This report opens with a sketch 
of the botanical work of Dr. M. A. Curtis (an obituary notice of 
whom, by Dr. Gray, was published in III, vol. v, 1873, of this 
Journal), and also a brief notice of Prof. Kerr. Among the notes 
in the following pages, which are mainly chemical and meteorogi-- 
cal, there are papers by Prof. Kerr on the distribution and char- 
acter of the Eocene deposits in eastern North Carolina, and on 
the geology of the region about Tampa, Florida. On pp. 39, 40, 
Prof. F. P. Venable gives the results of analyses of the leaves of 
the Yopon or Ilex Cassine of North Carolina—the tree that 
afforded, by a steeping of the leaves, the famous “ Black Drink” 
of the Southern Indians, which they used for medicinal (drastic) 
purposes. The dried leaves, collected in winter, were found to- 
afford caffeine, 0°32 per cent. In an analysis made of leaves col- 
lected in May and dried, 0-27 per cent of caffeine was obtained, 
of tannin 7°39, nitrogen (on combustion) 0°73, ash 5°75; and the 



Miscellaneous Intelligence. 481 

ash contained in 100 parts P,O, 3°34, SO, 2°50, SiO, 1°32, Cl 0°66, 
Fe,O, 0:26, MnO, 1°73, MgO 16°59, CaO 10:99, K,O 27:02, Na,O 
0-47. The Maté or Brazilian Holly (Ilex Paraguayensis), accord- 
ing to Peckolt, affords from its dried leaves 0°639 per cent of caf- 
feine; but the ash contained affords (as analyzed by Arate) only 
2°98 of K,O, with Na,O 7:28, P.O, 5°54, SiO, 44°75, Cl 0°71, SO, 
0°92, Fe,O, 3°41, MnO, 2:50, MgO 11°39, CaO 12°34. 

2. Report on the work of the International Geological Con- 
gress.—Dr. Frazer states to the Editor of this Journal that in his 
report, noticed on page 403, there are two typographical errors : 
on page 41, 16th line, Bergakademic should be Bergakademie ; 
and page 44, 2d line, J2 should be J ?. 

3. National Acudemy of Sciences.—The following are the 
titles of the papers entered to be read before the Academy at 
the session of April, 1886, at Washington: 

H. A. Newton: The Comet of Biela. 
H. A. RowLanp: On the absolute and relative wave lengths of the lines of 

the Solar Spectrum. 
Tra ReMSEN: Influence of Magnetism on Chemical Action. 
Wo.ucort GiBBs: Platinous compounds as additive molecules. 
S. P. LANGLEY: On the Invisible Spectra. 
A. W. Wrigut: Crystallization of Platinum by means of the electric discharge 

in vacuo;—FEffect of Magnetization on the Electrical resistance of metals. 
A.M. Mayer: On the diathermancy of Kbonite and Obsidian, and on the pro- 

duction of Calorescence by means of Screens of Kbonite and Obsidian ;—On the 
Coefficient of Expansion of Kbonite ;—On the determination of the Cubical Ex- 
pansion of a solid‘ by a method which does not require calibration of vessels, 
weighings or linear measure ;—On measures of absolute Radiation. 

OgpEN N. Roop: On color contrast. 
R. E. Peary, U.S. N.: Ona proposed Expedition into the interior of Green- 

land during the present summer with Disco as a base. (By invitation.) 
Etas Loomis: Areas of High Barometric Pressure over Hurope and Asia. 
G. K. GirBert: The Geologic Age of the Equus Fauna. 
T. SterRY Hunt: The Cowles Electrial Furnace. 
G. F. BECKER: Cretaceous metamorphic rocks of California. (By invitation.) 
Cuas. D. Watcorr: Classification of the Cambrian System of North America. 

(By invitation.) 
K. D. Cope: On the Geology of the region near Zacualtipan, Hidalgo, Mexico 3. 

—On the Phylogeny of the Batrachia;—On the Phylogeny of the Placental 
Mammalia. 

S. H. ScuppER: The Cockroach in the past and in the present. 
THEO. GILL: The ordinal and super-ordinal groups of Fishes. 
W. K. Brooks: The Stomatopoda of the ‘‘ Challenger” collection ;—Budding in 

the Tunicata. 
EDWARD S. Morse: On ancient and modern methods of arrow release. 
ALEXANDER GRAHAM BELL: Upon the Deaf and Dumb of Martha’s Vineyard 

(continuation of Research relating to the ancestry of the Deaf). 

4, The Library of the late Professor Guyot is offered for sale 
by Mr. E. Sandoz, of Princeton, N. J. It is rich in works in the 
departments of General and Physical Geography, and in scientific 
publications of all kinds, including maps. The number of vol- 
is about 4000, and of pamphlets and periodicals about 3000. The 
price per volume is $1. 20, and for the pamphlets and periodicals 
10 cents each. 

5. S. W. Ford’s article, p. 466, fig. 1 is enlarged 5 times, and 
fig. 2, nearly 3. 
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OBITUARY. 

CuHaRLes UpnHam SuEparp.—Professor Shepard died, after a 
short illness, on the first of May last, at Charleston, S. C., where 
for many years he had spent his winters. He was born in Little 
Compton, R. I., in the summer of 1804, and hence had nearly 
completed his eighty-second year. But until his last illness he 
was still young in his ardent devotion to his favorite science, his 
delight over the rare and beautiful among minerals, whether in 
his own cabinet or that of another, and his zeal for collecting and 
discovering new facts and new species; and not less young in his 
cheerful and kindly nature. 

After graduating at Amherst College in 1824, he became a 
student of Professor Nuttall’s at Cambridge in Botany and Min- 
eralogy, and soon after engaged at Boston in instruction in these 
branches. At the same time he commenced his publications on 
mineral localities and their minerals, in this Journal. 

In 1827, Mr. Shepard accepted the position of assistant to Pro- 
fessor Silliman in Chemistry, Mineralogy and Geology, which he 
retained, to the great satisfaction of the Professor, for four years. 
While thus engaged he also continued, during leisure weeks, his 
field and laboratory work in mineralogy. “A Mineralogical 
Journey in Northern New England,” including a study of the 
remarkable localities of Acworth, N. H., and Paris, Me., and 
“The Mineralogy and Geology of Orange County, N. Y., and 
Sussex County, N. J.,” illustrated by a detailed map of the vari- 
ous mineral localities, are the titles of two of the many papers 
published by him at that time; and they indicate his desire to 
give others a knowledge of localities, as well as to make known 
the results of his investigations. 

In 1832, Professor Shepard published the first part of a “ Trea- 
tise on Mineralogy,” in which the system of the eminent Austrian 
mineralogist, Mohs, was adopted as to nomenclature and as to 
the natural history idea of mineral species. The second or de- 
scriptive part of the work, containing the descriptions of the species 
arranged in alphabetical order, appeared in 1835. This delay in 
its publication was partly owing to Professor Shepard’s accep- 
tance, from the general government, for the winter of 1832-33, of 
an appointment as an associate with Professer Silliman, for the 
investigation of the methods of sugar culture and manufacture in 
the Southern States, and to the preparation of his report on the 
subject, which was incorporated with that of Professor Silliman 
made in 1833 to the Secretary of the Treasury. In the same year, 
1835, he joined Dr. Percival by appointment from the State legis- 
lature, in the Geological Survey of Connecticut; and two years 
later, in 1837, appeared his excellent report on the mineralogy 
and mineral products of the State. 

His professorial work after 1832 was divided between New 
Haven, Conn., Amherst, Mass., and Charleston, S. C. To his 
duties at Yale under Professor Silliman were added those of Lec- 
turer in Natural History, which position he held for fifteen years. 
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From 1845 to 1852, and from 1861 to 1877, he occupied the chair 
of Chemistry and Natural History in Amherst College. In 1854, 
he was called to the Professorship of Chemistry in the South 
Carolina Medical College at Charleston; he continued there until 
1861, and again resumed the duties of the chair in 1865, after the 
civil war, resigning them finally in 1869, when his son, Charles 
U. Shepard, Jr., was appointed his successor. 

These university engagements interrupted but little his min- 
eralogical work. His first new species, microlite, was announced 
in this Journal in 1835, Warwickite in 1838, and Danburite in 
1839. Other discoveries followed these, occasionally of new 
species, often of kinds not before identified on the continent. 

Professor Shepard’s private collection of minerals, under so 
great personal activity, became large and choice, surpassing all 
others on the continent. On retiring from his professorship at 
Amherst the whole was purchased by Amherst College. Unfor- 
tunately it passed from under his care to a building that was not 
fire-proof, and one night in 1880 it was nearly all destroyed. 
Professor Shepard did not cease collecting when he and his cabi- 
net parted; but with his old zeal redoubled by the sight of empty 
shelves and drawers, he soon had again a large collection; and it 
continued to increase and to grow in interest with him to the 
close of his life. 

Professor Shepard early commenced also the collection and 
study of meteorites, and through his life these shared with min- 
erals in his affections and his labors. In 1829, nearly sixty years 
since, his first paper on the subject was published in this Journal ; 
and others followed, until the number reached nearly forty, the 
series closing with one in the last volume (September, 1885). 
His collection grew, each paper being usually based on one or 
more acquisitions; and it was long the largest in the country. It 
became like the minerals, and with them, the property of Amherst 
College. 

Dr. Shepard’s zeal to the end knew no flagging, and he had the 
satisfaction of seeing great progress in his two departments, that 
of meteorites and that of minerals, through his labors. His knowl- 
edge of mineral species was unsurpassed in the land; and he was 
hence ready with quick judgments as to new and old; sometimes 
too quick—but in any case imparting progress to American Min- 
eralogy. 

Dr. Shepard was several times in Europe and had the personal 
acquaintance of many Kuropean mineralogists. He was a member 
of various American and Foreign societies; among them, the 
Imperial Society of Naturalists of St. Petersburg, and the Royal 
Society of Gottingen. He was a man of refinement and great 
courtesy, and was held in very high esteem in Charleston, 8. C., 
as well as at his northern homes. His place of residence since 
leaving Amherst, and for much of his life before, was New Haven. 
He leaves two children, a son and a daughter. 
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Am. Jour. Sci., Vol. XXXI, 1886. Plate V. 

Fig. 1. Registration board. 2. Movement of tendril No. 7a reduced to one-half 
actual size. 3. Cross section of tendril arm. showing the tissue during the active 
period: a, a’, a’, Collenchyma. 6, b’, b’’, Vibrogen tissue. , c’, ce’, Thin- walled 
parenchyma filled with protoplasm and some chlorophyl. d. d’, d’’, Concentric 
band of wood tissue x 20. 4. Wood tissue as shown at d, d’, d’” x 160: A, Grow- 
ing wood cells as they appear during the active period. B, The same wood cells 
very much thickened, as they appear after motion has ceased. 5. Vibrogen 
tissue as seen at 0, b’, b/’ x 80. 6. Collenchyma tissue, as seen at a, a’, a’’ x 160. 
7. Continuity of the protoplasm in the collenchyma tissue, obtained by treatment 
with concentrated H.SO, and stained with picric aniline x 160. 
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FOSSILS FROM CANAAN, CoLtumpra Co., N. Y. 





Am. Jour. Sci., Vol. XXX1, 1886. Plate VIII. 

Map of the extinct Lake Bonneville, with hypothetic contours to illustrate the 
subsequent deformation of the earth’s crust, by G. K. Gilbert. The horizontal 
figures mark determinations of the height of the old shore-line above Great Salt 
Lake. 
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Catalogue of the Collection of Meteorites in the Peabody Museum 

of Yale College. 

METEORIC STONES. 

Date of Fall. Locality and Catalogue Number. 

Weight in grams. 

Targesy Total. 

1| 1492, Nov. 16 |Knsisheim, Elsass, Germany (1). 13 18 

2} 1790, July 24 |/Barbotan, Landes, France (55). 15 15 

3} 1798, Dee. 13 |Benares, Bengal, India (2). I il 

4} 1803, April 26 |L’Aigle, Orne, France (3). 902 | 902 

5| 1807, Dec. 14 |Weston, Connecticut (4). 14,625 |15,300 

6) 1808, April 19 ;Parma (Borgo San Donino), Italy (5). 10 10 

7/ 1808, May 22 |Stannern, Moravia (6). 76 | 107 

8} 1810, Nov. 23 |Charsonville, near Orléans, France (7). 9 9 

9} 1811, July 8 |Berlanguillas, near Burgos, Spain (8). 14 14 

10] 1812, April 15 |Erxleben, Magdeburg, Prussia (48). 13 13 

11] 1812, Aug. 5 |Chantonnay, Vendée, France (9). 39 39 

12) 1814, Feb. 15 |Bachmut, Ekaterinoslaw, Russia (10). 2 2 

13] 1814, Sept. 5 |Agen, Lot-et-Garonne, France (61). 7 it 

14| 1815, Feb. 18 |Durala, Punjaub, India (11). 3 3 

15] 1818, Aug. 10 |Slobodka, Smolensk, Russia (12). 2 2 

16| 1819, June 13 |Jonzac, Charente infér., France (13). 2 2 

17| 1822, Nov. 30 |Futtehpur, India (14). 36 36 

18} 1822-23, Umballa, Punjaub, India (15). 1 1 

19| 1825, Feb. 10 |Nanjemoy. Maryland (16). 897 897 

20} 1825, Sept. 14 |Honolulu, Sandwich Islands (17). rte 577 

21| 1827, May 9 |Nashville (Drake Creek), Tennessee (18). 422 422 

22} 1828, June 4 |Richmond, Virginia (19). 305 305 

23| 1829, May 8 |Forsyth, Monroe Co., Georgia (20). | 132 | 132 

24| 1831, July 18 |Vouillé, near Poitiers, France (21). 5 5 

25| 1838, April 18 |Akburpur, Saharanpur, India (22). 1 1 

26| 1838, June 6 |Chandakapur, Berar, India (23). 4] 4] 

27| 1838, Oct. 13 |Cold-Bokkeveldt, Cape of Good Hope (24). 96 | 109 

28) 1839, Feb. 13 !Little Piney, Pulaski Co., Missouri (25), 24 24 

29] 1841, June 12 |Chdteau Renard, Loiret, France (26). 91 91 

30| 1842, April 26 |Milena, Warasdin, Croatia (63). 7 7 

31| 1843, June 2 |Utrecht, Blaauw-Kapel, Holland (27). 4 4 

32| 1843, Mar. 25 |Bishopville, South Carolina (28). Se e2S 

33| 1846, May 8 |Monte Milone, Macerata, Italy (29). Syl 

34| 1846, Aug. 14 |Cape Girardeau, Missouri (67). 1,478 |2,058 

35| 1847, Feb. 25 |Linn County, Iowa (30). 651 |1,046 

36| 1849, Oct. 31 |Cabarras County (Charlotte), N. Carolina (31). | 231 | 231 

37| 1850, Nov. 30 |Shalka, Bancoorah, India (32). 1 1 

38| 1851, April 17 |Gutersloh, Westphalia (33). 4 4 

Am. Jour. Sci.—Tuirp SERIES, Vou. XXXII, No. 189.—SEPTEMBER, 1886. 
15a 
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2 

Mereoric Stonrs— Continued. 

Date of Fall. Locality and Catalogue Number. 

1852, Jan. 23 

1852, Sept. 4 

1853, March 6 

1855, May 11 

1855, Aug. 5 

1857, Feb. 28 

1858, Dec. 9 

1859, Mar. 28 

1860, May 1 

1860, July 14 

| 1860, Found 

9 
a 

| 1861, May 12 
| 1863, June 2 
1863, Aug. 8 

1863, Dec. 7 

1864, April 12 

1866, June 9 

1868, Jan. 30 

1868, Nov. 27 

1868, Dec. 5 

1869, Jan. 1 

1869, May 5 

1869, May 22 

1869, Found 

1871, May 21 

1872, Found 

1873, June 

1874, May 

1875, Feb. 

1876, Dec. 

1877, Jan. 

1877, Oct. 

1878, Nov. : 

1879, May 

1882, Feb. 

1882, Feb. 16 

1863-64, Found 

Nellore (Yatoor), Madras, India (34). 

Mez6-Madaras, Transylvania (35). 

Segowhe, Bengal, India (36). 

Oesel Island, Livonia, Russia (37). 

Petersburg, Lincoln Co., Tennessee (49). 

Parnallee, Madras, India (38). 

Aussun, Haute Garonne, France (59). 

Harrison County, Indiana (39). 

Guernsey County (New Concord), Ohio (40). 

Dhurmsala, Punjaub, India (68). 

Newton County, Arkansas (52). 

Butsura, Bengal, India (41). 

Buschhof, Kurland, Russia (42). 

Pillistfer, Livonia, Russia (43). 

Tourinnes-la-Grosse, Tirlemont, Belgium (64). 

Nerft, Kurland, Russia (44). 

Knyahinya, Unghvar, Hungary (60). 

Pultusk, Poland (45). 

Danville, Alabama (51). 

Frankfort, Franklin Co., Alabama (46). 

Hessle, near Upsala, Sweden (54). 

Krahenberg, Zweibriicken, Palatinate (50), 

Cléquérec, Brittany, France (47). 

Near Salt Lake City, Utah (69). 

Searsmont, Waldo Co., Maine (58). 

Waconda, Mitchell Co., Kansas (62). 

Jhung, Punjaub, India (72). 

Castalia, Nash Co., North Carolina (70). 

Iowa County, Iowa (56). 

1 |Rochester, Fulton Co., Indiana (58). 

3 |Warrenton, Warren Co., Missouri (57), 

Soko-Banja, Servia (66). 

Rakowka, Tula, Russia (65). 

Estherville, Emmet Co., lowa (74). 

i Bare, Mécz, Transylvania (71a). 

| Mocz, Transylvania (710). 

Alfianello Brescia, Italy (73). 

Tomhannock Creek, Rensselaer Co., N. Y. (75). 

Weight in grams. 

Largest) sr otal. 

27 Al 

20 20 

46 46 

6 6 

15 15 

945 |2,370 

18 18 

1EN 17 

6,718 |6,718 
28 28 

7 7 

92 92 

22 22 

12 14 

4 4 

15 15 

48 48 

4) 65 

176 364 

iL 1] 

185 255 

39 39 

2 2 

8 8 

875 875 

10 10 

51 51 

16 16 

248 248 

11,960 |35,719 

15 15 

106 260 

2 2 

15) 6) 

41,960 |48,175 
50 50 

104 104 

140 175 



3 

Mereoric Irons. 

Weight in grams. 

Date of Locality and Catalogue Number. Fear hiro eae 
Discovery. ‘ Tergest Total. 

76/1751, May 26 Fall} Agram, Hraschina, Croatia (1). 3 3 

77 1751 Steinbach, Saxony (2). 2 2 

78 1749 Krasnojarsk, Siberia (3).—Pallas Iron. 1,327 |1,780 

79 1784 Toluca, Xiquipileo, Mexico (4). 880 900 

80 1793 Cape of Good Hope, South Africa (5). 8 12 

8] 1804 La Descubridora, San Luis Potosi, Mexico (58).) 195 | 195 

82 1811 Elbogen, Bohemia (7). 8 8 

83 = Colombia, 8. A. (51).? 57 57 
84 1814 Red River, Texas (6). — |T40Kilos 

85 1814 Bitburg, Hifel, Prussia (8). 63 63 

86 1814 Lenarté, Saros, Hungary (9). ¥ 120 120 

87 1818 Lockport (Cambria), New York (10). 3,156 }3,156 

88 1819 Burlington, Otsego Co., New York (11). 738 | 738 

89 1820 Guilford County, North Carolina (12). 20 20 

90 1824 Sauta Rosa (Tocavita), New Granada (79). 2 2 

EO 1827 Atacama, Bolivia, South America (13). 178. | 278 

92 1827 Newstead, Roxburghshire, Scotland (44). 96 96 

93 1829 Bohumilitz, Prachin, Bohemia (14). 37 37 

94 1832 Walker County, Alabama (23). 357 357 

95 1834 Scriba, Oswego Co., New York (19). se} = |] arte 

96 1834 Claiborne, Clarke Co., Alabama (15). 64 64 

97 1835 Asheville (Black Mountain), N. Carolina (20). | 15 15 
98 1839 Putnam County, Georgia (16). 294 | 356 

99 1840 Sevier Iron, Cocke Co., Tennessee (17). 935 | 935 

100 1840 Tarapaca, Peru (76). 17 17 

101 1840 Carthage, Smith Co., Tennessee (24). 104 104 

102 1840 Arva (Szlanicza), Hungary (18). 826 {1,126 

103 1845 DeKalb County (Caryfort), Tennessee (21). 61 61 

104 1845 Madagascar, St. Augustine’s Bay (22). 7 7 

105 1846 Tula, Netschaévo, Russia (69). 31 31 

106 1847 Seelasgen, Brandenburg, Prussia (25). 174. (| 174 

107 1847 Rittersgriin, Saxony (71). 23 23 

108 1849 Chesterville, Chester Co., S. Carolina (27). 758 | 758 

109 1856 Pittsburg, Pennsylvania (26). 213 213 

110 1850 Schwetz, Prussia (28). 256 256 

iil 1850 Salt River, Kentucky (29). 985 985 

112 1850 Ruff’s Mountain, Lexington Co., N. C. (30). 536 536 

113 1850 Seneca Falls, Cayuga Co., New York (31). 30 30 

114 1852 Poplar Camp, Cranberry Plantation, Va. (62). 21 21 

115 1853 Tazewell, Claiborne Co., Tennessee (34). 418 | 418 

116 1853 Union County, Georgia (65). 15 15 

117 Chihuahua, Mexico (49). 5] 51 

118 1854 Madoc, Canada (35). 26 26 

119 1854 Tucson, Arizona (37). 158 158 



4 

Merreoric Irons— Continued. 

Date of i ; Dincaveny: Locality and Catalogue Number. Lancet 

| Weight in grams. 

mass. Total. 

120} 1856,1873  |Jewell Hill, Madison Co., N. Carolina (41, 61).|5,610 [5,655 

121 1856 Fort Pierre, Dakota (43). 343 343 

122 1856 Nelson County, Kentucky (40). 112 112 

123 1856 Denton County, Texas (42). 66 66 

124 1856 Orange River, South Africa (39). - | 27 27 

125 1856 Hainholz, Westphalia (38). 8 

126 1857 Octibbeha County, Mississippi (36). 1 1 

127 1858-59 Augusta County, Virginia (77). 885 885 

128 1860 Lagrange, Oldham Co., Kentucky (60). 46 46 

129 1860 Lion River, Gt. Namaqualand, S. Africa (33). | 40 40 

130 1861 Robertson County, Tennessee (45). 115 115 

131 1862 Sierra de Chaco, Atacama (72). 39 39 

132 1862 Colorado River, La Paz, New Mexico (46). 11 11 

133 1863 Dakota (48). 4 4 

134 1863 Russell Gulch, Gilpin Co., Colorado (55). 126 126 

135 1863 South East Missouri (47). 68 68 

136 1866 Bear Creek, near Denver, Colorado (53). 151 15] 

137 1866 Frankfort, Franklin County, Kentucky (54). 37 37 

138 1867 Bates County, Missouri (73). 970 970 

139 1867 Santa Catarina, Morro do Ricio, Brazil (67,75).| 800 {1,015 

140 1867 Arizona, exact locality unknown (52). 42 42 

141 1868 Coahuila, Bolson de Mapini, Mexico (64). 1,508 |2,810 

142 1869 Washington Co. (Trenton), Wisconsin (57). 65 65 

143 1869 ‘Shingle Springs, Eldorado Co., California (59).| 932 932 

144 1872 ‘Nenntmannsdorf, Saxony (66). 47 47 

145 1879 Ivanpah, Sau Bernardino, California (70). 4 4 

146 1880 Lexington, South Carolina (68). 49 49 

147 1884 Glorieta Mt, near Canoncito, New Mexico (78).|2,840 |3,970 

The last catalogue of the meteorites preserved in the Mineralogical Collection 
of Yale College was published in 1869. At that time the total number of cata- 
logued specimens, including stones and irons, amounted to 102. Since then the 
collection has increased about one-half in number, and very largely also in 
weight, though hardly in the same proportion. The total weight of the stones is 
now about 117 kilos, of the irons 772 kilos, or in all 889 (about 1956 pounds). 

The largest specimen in the present collection is the iron from the Red River, 
Texas, weighivg 740 kilos (1635 lbs.) the history of which is well known. Next 
to this the most notable falls represented are those of Feb. 12, 1875, in Iowa 
County, Iowa, and of May 10, 1879, in Emmet County, Iowa. Of the first the 
collection contains 20 stones, eight of them weighing more than a kilo and the 
largest weighing about-12 kilos. Of the second there are nearly six hundred 
complete specimens, the largest weighing 42 kilos (nearly 100 lbs.), the small 
stones ranging from those weighing a pound down to those of the size of a pea. 
This Emmet County meteorite is here included among the stones, although it is 
properly intermediate between the ordinary meteoric stones and the irons. Other 
large stones in the collection are those of Weston, Connecticut and Guernsey 
County, Ohio. The stones of Cape Girardeau, Mo., and Salt Lake City, Utah, are 
at this time represented in this collection only. 

It is desired to increase the collection as opportunity offers and make it as 
complete as possible. Any communications having this end in view, either by 
gift, purchase or exchange, may be addressed to the writer, the Curator of the 
Collection, at New Haven, Connecticut. 

Aug. 10, 1886. z EDWARD 8. Dana, 
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Associate Editor. Quarterly. 4to. Volume VIII in progress. $5 per 
volume. 

II. American Chemical Journal.—I. Remsen, Editor. Bi-monthly. 8yo. 
Volume VII in progress. $3 per voluine. 

Til. American Journal of Philology.—B. L. GILDERSLEEVE, Editor. Quar- 
terly. S8vo. Volume VI in progress. $3 per volume. 

IV. Studies from the Biological Laboratory.—Including the Chesapeake 
Zodlogical Laboratory. H. N. Martin, Editor, and W. K. Brooxs, Asso- 
ciate Editor. 8vo. Volume III in progress. $5 per volume. 

V. Studies in Historical and Political Science.—H. B. Apams, Editor. 
Monthly. 8yvo. Volume III iu progress. $3 per volume. 
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reviewing the operations of the University during the past academic year. 
VII. Annual Register.—Giving the list of officers and students, and stating 

the regulations, ete., of the University. Published at the close of the Aca- 
demic year. 

Communications in respect to exchanges and remittances may be 
sent to the Johns Hopkins University (Publication Agency), Baltimore, 
Maryland. 
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No. 6 Murray Street, New York, 

Manufacturers of Balances and Weights of Precision for Chem- 
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where accuracy is required. 

April, 1871.—[tf.] 
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