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Akt. I.— Contributions to Meteorobxp/, /,-//,</ /-.-,?>/ fa derived from
an examination of the Obse, i at, „ ft, J < i s/ , s„„„,/

Service, and from other sources ; by Elias Loomis, Professor
of Natural Philosophy in Yale College. Sixth paper. With
plates I, II and III.

[Bead before the National Academy of Sciences, Philadelphia, Oct. 18, 1876.]

Period of unusual heat in June, 1873.

Ik June, 1873, an unusually high temperature prevailed
throughout a large portion of the United States. At most of
the Signal Service stations the thermometer rose above 90°

during some part of the month, and at several of the stations

there were more than ten days on which the thermometer rose

as high as 90°. In the following table, column 1st shows the

Temperature of 90° in June, 1873.— m. Co.,
|

«N*. F

t!;;,?- c«..

Fort Sully 44° 39' IfibT 17 St. Paul 44° 63' 794 5

!nd u la

Baltimore

Denver .'[.] H H -1^ 11

Chicago
40 " t«B 1

Keokuk..
41 3n

iPort Garry....

^oa3e

:>,i

4b

£ I

Oswego...."."
Lexington, Ky..
Montreal ...."..

H 1 i"S:< Ib uw

81.:;

Breckenridge..
41

!" ;'.--
5 Toronto..::::: 43 39 :;^ o

Omaha. •41 ia 104.5 6



2 K Loomis—Remits derived fro; of the

names of the stations at which observations were made with

self-registering thermometers ; column 2d shows the latitude of

the stations; column 3d shows their elevation above the sea,

expressed in feet; and column 4th shows the number of days
on which the thermometer rose as high as 90°.

The observations at Denver and Cheyenne indicate that on
an elevated plateau the extreme heat of summer is at least as

great as it is at the level of the sea in the same latitude ; while

the observations al I mtown show that an
elevation of a few hundred feet ahove the surrounding country
has a sensible etleet in moderating the extremes of heat. The
observations in the vicinity of the Great Lakes as well as those

near the Ocean show that large bodies of water have a decided

influence in moderating the extremes of temperature.

The stations at which the thermometer rose above 90° in more
than three cases are nil inland stations ; and it is noticeable that

at certain northern stations the heat was more intense than at

any of the southern stations. At Fort Sullv the thermometer
rose to 108° ; on seven days it rose above 100°

; and on twelve
days it rose as high as 95°. At Denver the thermometer rose

Observations of the ther n., June 15-26, 1873.

Station,

San Diego ...'. .

Fort Benton."
Santa Fe
Denver
Cheyenne
Fort Sully

Yankton

Fort Ga'rry
"-"-

Indianola

Breekenridge ..

Omaha
Leavenworth ..
<!..[-. -ton ....

St Paul— '.'.'.'.

D, 1 th

i^roU; :::::
Vickaburg 81

Asov* ob B^wth.M^Tsh™™*.

iu

1

i]

Miiaqts

.
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Tab ,nti, .0,1.

1

Above or Below the Mean Temperature.

f

S|j|j

I

II

-15

1 1

i-i

j!

1

Mtago—--"-- ''>*
s

Marquette . 58
Escanaba 60
Nashville 79
Montgomery..,! 80

A^ena": :::::: so

Port Dover""^ 66

Baltimore _."j 75

Kingston 63

Philadelphia"".! 72

Cape May 67

New London^ J 65

Quebec
j
6i

Eastport' 1
55

i
!

!

t\t\- 7

+
1

0|+

1

B

-U -12

I

|

- 1.

:|
-12
-12
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4 E. Loamis— Results derivedfrom an examination of the

to 99°, and on five days it rose as high as 95°. At Indianola
the highest temperature was 97 0-

5, and only twice did the ther-

mometer rise as high as 95°. At San Antonio the highest tem-
perature was 96°, and only once did the thermometer rise as high
as 95°. At Mobile the highest temperature was 95°, and these

are the highest temperatures reported at any of the southern
stations. We thus see that at Fort Sully and Denver the ther-

mometer rose higher than it did at any of the southern stations.

If we consider simply the height of the thermometer above
the mean temperature of the month, we find that by far the
most remarkable cases occurred at stations north of latitude 40°.

The preceding table exhibits the observed changes of tempera-
ture from June 15 to June 26. Column second shows the mean
temperature of June at the stations named in column first, and
the succeeding columns show the difference between the mean
temperature of the month and the temperature observed each
day at 4h 35m P. M. At this hour the temperature at most of

the stations is about 8° above the mean temperature of the day,
so that nearly all the numbers given in this table should be
diminished by about 8° in order to show the elevation above
the mean temperature at the hour of observation

; and at a few
of the stations a still larger correction is required.

In order to exhibit more clearly the conclusions to be de-
rived from the numbers in the preceding table I have prepared
the following summary, in which column second shows for each
day at what station the temperature rose most above the mean
for the month ; column third shows how much the thermometer
rose above the mean ; column fourth shows the state of the ba-
rometer at the given station, and column fifth shows the lowest
barometer observed on the given day at any of the stations.

Temperatures most above the mean.

r»te. "— *ssr Baron, &SE
June 12

+ 19

+ 27

+ 26

+ 25

29-97

29-69

»

V.)

FortBentof"'"
Virginia City

Breckenridge
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We see from this table that the stations at which the ther-

mometer rose most above the mean were all north of Int. 39°.

and they are all situated between the Rockv Mountains and the
meridian of 81° westof Greenwich. We also see that a high tem-
perature was generally accompanied bv a barometer below the
mean; the average pressure shown in column fourth being 29*70.

Column fifth shows that on each day there was a considerable
barometric depression in some part of the United States and the

center of this depression was always north of lat. 40°, and the
region of greatest heat was always within the influence' of the

area of depressed barometer. In four instances the station

which showed the greatest rise of temperature showed also the

greatest depression of the barometer.

In order to exhibit more clearly the form and position of
these heated areas I have prepared ("hart I, which shows the
thermic isabnormals for June 18th, at 4h 35 ra

, P. it., the curves
being drawn at intervals of 5°.

From this chart we perceive that near the Gulf of Mexico.
and also near the northeast and northwest angles of the United
States, the temperature was below the mean for the month of
June, but in every other portion of the United States the tem-
perature was above the mean for the month. In order to de-

termine how much the mean temperature at the hour of obser-

vation exceeds the mean temperature of the month, I have
compared the observations of maxima and minima tempera-
tures at all the Signal Service stations as far as they have been
published in the annual Eeports. I have taken the mean of

the maxima of temperature for the month of June at each
station, and also the mean of the minima. The difference be-

tween these two months I call the mean diurnal oscillation of

the thermometer. I ha arison for each of the

years 1873, 4, and 5. The following table shows all the Signal

Service stations at which the mean diurnal oscillation exceeds
22°, and also all those stations at which the oscillation is less

than 15°. Column second shows the mean diurnal oscillation

for the month of June at the stations named in column first;

column third shows the number of years of observation; col-

umn fourth shows the height of the station above the sea

;

column fifth shows the annual rain-fall at each station; and
column sixth shows the rain-fall in 1873, from June 12th-26th

inclusive.

Since we have a series of hourly observations of the ther-

mometer at Philadelphia and Toronto we can compute the cor-

rection to be applied on account of the hour of observation at

each of the preceding stations, if we assume that the i

at different stations is proportioned to the entire daily oscilla-

tion. We thus find that at the hour of 4-35 P. M., Washington
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Diurnal oscillation oftt peratw

nations. Option T«„. Ele
«.
tl0n - &tt «?

Colorado Springs

E
J

5

5

?35 irS
ss

ii
Fort Sully..
Virginia City _

Salt Lake City E iS ii

2846 2S 1NortTpiat'te"""
'

24-6 1

sTyt;
rgh

ill I

17
J

37-60

62

5fi 6W6
62 9-16

61 44-18

Key West '."...

Mt. Washington,

San Diego

1
J

Mia
F
nola

Ci8C°
\ 25 i?-ls

PunteRaisJ 2 | 17 53-42 1

Kitty Hawk 1 22 45-02

correctionfor hour of observation.

Stations. Rne.ll Stations. Correc. Station .. 1 Cornel

Denver
!

Fort Sully""""!
13 jBreckenridge

."J 9

10 || Milwaukee".J 8 l|

'"^ *
;•:;;; r

Applying these corrections

we find that on June 15th the
20° above the mean temperature of that station at the houi
observation ; on the 18th at Alpena it also rose 20°, and on
25th at Fort Sully it rose 21° above the mean temperaturc
the hour of observation. We are then required to explain 1
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the thermometer should rise 20° above the mean temperature
of the hour and place.

The accompanying Chart, Plate II, shows the isobaric curves
for the same date as the temperature curves of Plate I. We
perceive that throughout the entire United States, with the

exception of the Pacific coast and the vicinity of the Gulf of

Mexico, the pressure of the atmosphere was less than 30 inches;

and in Minnesota the pressure was 29-30. This barometric
minimum would lead us to look for southerly winds through-
out the valley of the Mississippi. The actual direction of the
winds observed is shown by arrows on Chart I. The following

table shows the number of stations at which the wind blew
from each of the eight principal points of the compass.

Direction of the winds, June 18th, 4 1
' 45 ra

P. m.

w*a. <£&&. Wtai sSiol

North
Northeast

| nM: 1

.• that at o4 s - the ind blew from some southern
did it blow from a northernt only 12

Quarter. The following a,e lu

North wind at Cleveland, Mobile and Santa F«

Northeast wind at Duluth and Yankton.
Northwest wind at Eastport, Fort Garry, Fort Sully, Mt.

Washington, Norfolk, Oswego and Pembina.
At three of these stations': viz: Cleveland, Duluth and Os-

wego, the northerly wind was probably the result of the cooler

air of the Lakes moving toward the wanner land. Three of

the stations, viz: Fort Sully, Fort Garry and Pembina, were

situated on the north side oi the area which was most heated;

and two other stations, viz: Eastport and Mt. Washington
were on the extreme eastern border of the heated area. At

velocity of the wind was only one mile per hour; at

Norfolk and Yankton it was four miles ; and at Santa Fe five

miles per hour.

We thus see that throughout the entire heated area (with a

few trifling exceptions which are easily explained) the move-
ment of the atmosphere was from the south. This general

movement from the south had prevailed for more than
-24 hours

with an average velocity of about ten miles per hour, which

should cause a rise in the t lennometer of from 6 to 10 degrees

in the vicinity of the western Lakes: that is, this cause seems

to be sufficient to account for nearly (if not fully) half of the

rise actually c"
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A considerable part of the remaining rise may probably be
ascribed to the accumulated effect of the sun's radiation for
many successive days without the interference of northerly
winds. As early as the 10th of June there was a large rise of
the thermometer at Fort Benton and Virginia City° aod this
was maintained pretty steadily until the 17th. This heated air
drifted slowly to the eastward and on the 18th reached the
neighborhood of the Great Lakes.

urnal oscillation of temperature observed at Den-
sity, probably depends somewhat upon the config-

uianuu ui nie surrounding country, but the most important cir-
cumstance is the extreme dryness of the climate of this region.
In a country where the annual rain-fall is small, and the sur-
face of the earth becomes very dry, the earth readily absorbs
the rays of suu, and there is little evaporation to eoanteracl I beir
heating effect. The thermometer therefore du:

-lair than it would if the earth were m
with green grass. At night, on the contrary, the heat is rap-
idly dissipated, and there is no vapor to be condensed, which
by thejatent heat liberated would counteract the effects of radia-

"™
i during the night the thermometer sinks lower than
a moist atmosphere.

The same phenomenon is noticed in other countries which
have a dry climate. At Madrid in Spain the mean diurnal
oscillation of the thermometer is much greater than in most
parts of Europe. The following table shows the difference be-
tween the mean of the daily ma: minima at
Madrid for the months of June and July during a period of eight
years. The fourth column shows the highest temperature

year, and the fifth colui

t would i

i-fall of e

Range of thermometer at Madn /, S/Hliil Height, 193 \feet.

»— *».. H^t^p.

l
"° fa""

1868

25°-2 Fahr.
31-5

I V. 101°1 F.

1871
1872

27-9

|f l If I

Mean 29-7 318 1042 u ; >

The ]ast column in the table on page 6 shows
1873, an unusual drought prevailed thromrho
Wyoming and Montana. In consequence of this
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ness, the heating effect of the sun's rays was greatly increased,

and this cause combined with the prevalent southerly winds

will |>n>l>al>lv explain the extreme heat observed in that region.

The heat experienced in the neighborhood of the Great Lakes

may be ascribed partly to the same causes operating in that

locality, and partly to a mass of heated air drifted eastward

from the dryer regions of the West.

The remarkable heat recorded at Fort Sully and mentioned

on page 2, seems to indicate some peculiarity of that locality.

In order to discover the nature of this peculiarity I have col-

lected all the eases in which a temperature of 100° and up-

ward is mentioned in the annual Report* of the Signal Service

lor 1*78. 4, and 5. The toll,,wing table shows the number of

such cases for each year. For the year 1875 the observations

include only the first six months of the year. The mark (*)

shows that "no observations of self-registering thermometers

were received from the stations indicated.

Mm nr Oj «« yfah mperature of 100° Fahr.

1873. 1874. 1873. 1873. 1874.

Port Sully. ....

Omaha.

2

o

^

18
Dodge City

Indianola
'."."."

Yankton ......

*

\

( ,„- na .

Memphis

These observations show that the thermometer seldom rises to

100 :

in the vicinity of the Atlantic Ocean, the Gulf of Mexico,

or the Great Lakes. Cases of extreme heat are of most fre-

quent occurrence between the Mississippi River and the Rocky

Mountains. They are the effect of the dryness of the soil and

of the atmosphere in that region ; and they serve to intensify

the dryness from which they result. If we compare the high

Mn, mires observed it Fort Sulh with the obsei tious at

stations, we shall perceive t\r.

exceptional The first column of the following table shows a

serie.- o! statioi - on the Missouri River; column second shows

the latitude of the stations : column third shows their elevation

(in feet) above the ocean; and column fifth shows the number

of cases in which the thermometer, in 1873, 4, and 5, was ob-

sen I to rise as high as 100°.
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Temperature of 1 00° Fahi

Latitude. Elevation. ra.e.

Yankton
"""

Fort Sully

i i
X£

ae

The first three stations, together with the fifth,

steady decline in the intensity of the heat
ward ; but Fort Sully shows tei

occur at stations several hundi
station the meteorological instn

walls of the fort, and the thermc
by heat reflected from dry sand, and stone wall:

to be the most probable explanation of tin

ported at Fort Sully.

Bain-areas—theirform, movements, distribution, e

In order to investigate the form of rain-areas ; the lai

govern thei

curves I selected all tbos

months (Sept. 1872 to Nov
of rain fell at one statior

advance north-

much greater than

mthward. At this

located within the

influenced

which
ind their relations to the isobar

o cases during a period of fifteen

. 1873) in which at least two inches

in eight hours. These cases were
men divided into two classes, one containing the stations south
of latitude 36°, and the other containing the stations north of

latitude 36°. The following table exhibits all the cases which
occurred at the southern stations. Column first contains the

number of reference, column second shows the day and hour of

observation (the numeral one denotes the 7.35 A. M. observa-
tion

; two denotes 4.35 P. M., and three denotes 11 P. M.)

;

column third shows the station at which the greatest rain-fall

was observed; column fourth shows the precise amount of the
rain : column fifth shows the height of the barometer at the
same station ; column sixth shows the direction and force of the
wind at the last preceding observation

; column seventh shows
the direction and force of the wind at the date uiven in column
second; column eighth shows whether the direction of the
winds at the neighboring stations indicated a cycloidal or inward
motion

; column ninth shows whether there was any local

depression of the barometer ; and columi
there was a high or a low barometer o

given station.

For a large number of these cases I h:

the United States, the curves of equal
of an inch. These curves show that
principal center of precipitation, the form of th<

nearly circular, and its diameter varies from 350 t

5 Of
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Bain-fall of two inches at Stations south oflat. 36°

* Date. Statlon .
R
i

a
„
ln

j

Bar - atprev.™

N. 2

MX? Ja'p-'n. 'K-

x Sept"o-2 Jacksonville. probable tow
Slight

Shrevepnrt. X.K. 11 decided

5 MM Charleston. V^n S.\V\ ,! X.K. 6 decided none low'

\
0Ct

'

22^2
New Orleans.

I'll 2992 £23 £k!i5 decided

slight high

high
,i ..

. high

Jark?,ii,villo.

slight jlow

E. 2 decided

E. 3 Blight high
N.E. 16

N.E. 8 E. 12

X E. :;:. .igh

16 18-2 New Orleans. 2-20|30-08 S.W. 6 N.E. 8 decided none high

17 Jai
873

5-1 Lake City. 2-00 29-89 S.E. 4 S.E. 7 decided slight tow
S. 8 X.W. 12 slight low

Lake City.

'

N.E. 8 x.w 12 »light low
Savannah. S. 10 <alm slight ,low

slight 'low

E. 12

24 18^2 Galveston.

N.E. 6

x'l-i.' 22 decided decided low

: >.K. 12 slight

Key West. N.E. 2

S."W. 2

Memphis. S.E. 8

31

l,1;

:

]

r:
Mobile N. 4 !% St

ed
none How

N.e". 4 N. 2

N.E. 4 none high
Calm ' ,gh

S.W. 13

Jacksonville. high

slight low
Mobile. N.E. 4 -lisht low

Tndianola. •""
.

>"w

yf -
decided

E. 12 small high
N.E. 8 small |low

<E. 20 1 w

48
\

SOV
'

1-1 GatveTton. 8.' 16

N.E. 1"

•s.E :.

52
|

29-1 Havana. X.W. 6 N.E. 4 .



12 E. Loomis— Results derivedfro 'nation of the

These excessive rain-falls are not of long continue
their exact duration cannot be determined from the obse
In two cases (viz., Nos. 8 and 42) over two inches of
in two successive periods of eight hours at the same
and in a few other cases these great rain-falls were
during the next eight hours by a fall of one inch r

either at the same station, or at a station a little to thee
The following table shows all the cases in which any of these
heavy rain-falls were followed by one inch of rain at a neigh-
boring station during a succeeding period of eight hours.

e. but

II

J><£ wWiiiaW

JITITI XHZ±±i
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r-four hours, either a;

thus frequently happens that the atmosphere 'is in a state of

unstable equilibrium, and a slight cause is sufficient, to deter-

mine a strong upward movement of the surface air, resulting in

a precipitation of vapor. When air in this unstable condition
has a movement along the earth's surface, a slight inequality of

the surface may be sufficient to determine an upward move-
ment at that point. We should therefore conclude that when
a current of warm and moist air flows in from the ocean and
impinges upon the land, a strong upward movement accom-
panied by heavy precipitation must frequently result This

conclusion is confirmed by a comparison of the preceding obser-

vations. Among the stations of the Signal Service south of
latitude 36°, there are twelve stations situated on the Atlantic

coast or the Gulf of Mexico. At these stations during a period

of fifteen months the average number of great rain-falls (two
inches in eight hours) has been 3'6. Among the stations of the

signal service south of latitude 36°, there are also five inland

stations, whose average distance from the coast is 200 miles,

ami during the same period the average number of great rain-

falls at these stations has been 1-8 ; that is, near the coast great

rain-falls occur twice as frequently as they do at stations in the

interior at a distance of 200 miles from the coast.

Whenever a strong upward movement of the air commences,
there must be a general tendency of the surrounding air toward

this point, and the air must circulate from right to left as it

does in great storms. Hence every great rain-storm should be
accompanied by an inward and cycloidal motion of the air. In

about two-thirds of the preceding cases there is decided evidence

of the existence of such a cycloidal movement, and in most of

the remaining cases there are some indications of such a move-
i could be obtained from a sufficient

lumber of stations, it is believed that some degree of c

notion would be indicated in everv case of heavv rain-fall.

The depression of the barometer attending these rain fa"s

vas generally small, nevertheless in several cases it was quite
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appreciable. At the time of the observations shown in the

table on page 11, the average height of the barometer was less

than thirty inches, while the mean height throughout the year

at the same stations was nearly 30-10 inches. That a cycloidd
movement of the air should produce so little depression of the

barometer is due to three circumstances ; first, the small velocity
of the wind (averaging less than nine miles per hour) : second,

the small area of the cycloidal movement (generally about 500
miles in diameter), and third, the proximity of the stations to

the equator. According to Ferrel's formula any great barome-
tric depression requires a strong wind ; the cycloidal movement
must extend over a large area

;
and the depression of the

barometer is proportioned to the sine of the latitude of the

place. In about half of the preceding cases there was an area

of low barometer prevailing in the northern pprtion of the

United States, and about as frequently, there was an area of

high barometer on the northern side of the station. These
different conditions appear to be about equally favorable to

heavy rain-falls.

The distribution of these fifty-two cases by seasons was as

follows :

Spring, 8

;

Summer. 14 : Autumn, 14 and 12 ; Winter, 4.

We thus see

heating effect

The diatribe

i that great n
of the sun's

ition of these

lows

:

dn-falls are m
rays is greatc

it of vapor.

cases accord ii

ost frequent when th

«t and the atmospher

]g to the hours of th

At the 7.35 a. m. obs. 19 castea.

4.35 P. M. 25 "

1 1.00 P. m. 8 "

The intervals between the observations, which for convenience
I have called eight hours, are in fact unequal. Making, how-
ever, due allowance for inequality of intervals, it seems clear

that in the United States, south of latitiuh .i*> . In i\ \ rain fails

are less frequent from 4.35 P. M. to 11 p. m., than during the

remainder of the day. If we knew the precise time of beginning
and end of each rain-fall we might determine the precise hour
of maximum and of minimum frequency of heavy rain-falls.

On Plate III are shown the curves of equal rain-fall for

June 10, 1873, being No. 29 of the table on page 11. The
outer curve shows the extreme limits of the rain-area ; the next
curve shows the limits of a rain-fall of one inch

; and the inner
curve shows the limits of a rain-fall of two inches. The arrows
show the direction of the wind as reported at 4.35 P. M., which
is presumed to have been about the time of the commencement
of the rain-fall. There was a center of low pressure (29-71)
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im ;ir Lake Ontario, and a center of high pressure (3016) near
("nark-ton, S. C. As the result of this unequal pressure,
southerly winds generally prevailed throughout the Southern
States. A northwest current had however set in from the
neighborhood of Minnesota, and this wind had reached St.

Louis and Fort Gibson. The temperature at St. Louis was 71°,

Till:

cipitation of vapor

Bain-fdl of two indies at i

The following table contains

two niches of rain fell in enjiit

stations from Sept., 1872, to Nm

station at' which the

wth oflat. 36°.— ^ n '

""ssr"
™

New York. Itu

PhUadelphia. 2-1R

St. Louis.

2-10

Indianapolis.

Fort Garry.

Tv,

Buffalo.

Breckenridge.

Erie.

tft. Washington.

2-12

1
New London.

;.

N I-.

S.E. 1

W. 4

y 22
• North
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greatest rain-tall v

amount of the ra

barometer at the same station ; column 6th shows the directioi

and force of the wind at the last preceding observation ; column
7th shows the direction and force of the wind at the date given
in column 2d ; column 8th shows the direction of the rain

center from the nearest center of low pressure ; column 9th
shows the distance of the rain center from the center of low
pressure, expressed in miles; and column 10th shows the

height of the barometer at the center of low pressure.

In all of these cases there was an area of low pressure within

the limits of the United States, and generally the place of

greatest rain-fall was within the cycloidal movement attending
this low pressure. The distance of the rain center from the

center of low pressure was however very variable.

In the two cases of July 27th, the low pressure was so incon-

siderable and remote as to exert very little influence upon the

winds at Philadelphia and Washington.
We thus see that norih of lat 36° great rain-falls generally

occur within 250 miles of a center of low pressure, and almost
invariably on the east side of the low center. In two of the
preceding cases (Nos. 12 and 31) the rain center is stated to be
west of the low center. But it should be remembered that the
rain-fall occurred during the eight hours preceding the date
of the barometric observation. The middle of the rain-fall may
be regarded as corresponding to a date four hours preceding
the barometric observation, and during these four hours, the
low center generally advances eastward 100 miles. We may
therefore conclude that in No. 31 the principal rain-fall occurred
when the rain center was east of the low center. In No. 12 the
prim i i i i n c urred on the southwest side of the low cen-

ter, but the barometric gradient was only one-tenth of an inch
to 350 miles. The rain center occurs as frequently in the N.E.
quarter from the low center as it does in the S.E 'quarter.

The four cases in which the rain center was more than 750
miles distant from the nearest center of low pressure were Nos.

6, 11, 20 and 21. In No. 6 a distinct local cyclone formed
near New York, accompanied by a slight local depression of
the barometer, which had the effect of urging the low center
eastward with extraordinary velocity. From 7.35 A.M. to 4.35
p.m., that is, in nine hours, the low center advanced eastward
900 miles, although the greatest velocity of the wind, recorded
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anywhere near the path of the storm, was thirty-eight miles per

hour (on Mt. Washington), indicating that the progress of the

low center was not due wholly to the transfer of air Irom west to

east, but rather to a dimimit<on of the pressure on the east side

of the low. and an increase of the pressure on its western side.

In No. 11 Lynchburg was somewhat nearer to a center of

hidi pressure than of low pressure. There are indications that

a small local cyclone formed about Lvnchhiirg. but the stations

of ohservation'arc too tew to show this conclusively.

In Nos. 20 and 21 the rain center was much nearer to a center

of high pressure than of low pressure. At 4.35 P. U. a distinct

local evclone was shown about Baltimore, Washington, and
Capo May. but the cyclonic area was of small diameter and its

effect upon the barometer was scarcely appreciable.

We thus see that great rain-falls may occur under the influ-

ence of an area of high pressure as well as of low pressure, and
when they occur at a great distance from a low center, they are

generally accompanied by a distinct local cyclonic movement
of the atmosphere.

Of the thirtv-one cases ineluded in the preceding table, fifteen

occurred on the Atlantic coast, and the number of stations of

observation upon the coast was eleven ; which shows an average

of l
-37 to each station. For the remainder of the United States

there were sixteen cases, and the number of stations was tiftv-

nine, showing an average of 027 to each station. Thus we see

that north of lat, 36° near the Atlantic coast, great rain-falls are

fire (.me* as frequent as in other parts of the United States in

the same latitude. The frequency of heavy rain-falls in the

neighborhood of the great lakes is" not sensibly greater than at

inland stations quire distant from the lakes.

The distribution of these 31 cases by seasons was as follows :

Spring 3 ; summer 15 ; autumn 6 and 5 ; winter 2.

Showing a predominance of great rain-falls in summer even

mure decided than at the southern stations.

The distribution of these cases according to the hours of the

day was as follows: 7 -35 A.M., 1-4 cases; 435 P. M., 9 cases; 11

p. k, 8 cases.

If we correct these numbers for the inequality of the time

intervals, there is still an excess of eases for the morning hour

of observation.

The foil-
;

1 the cases in which aoj

heavv rail - ' < '' by at least one inch of rain

! eriod of eight hours.

At. the Boutha) a
'" cases of heavy rain

there were twelve cases in which heavy rain continued through

two periods of eight hours; at the northern stations out of
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thirty-one cases there were thirteen

two periods, indicating that heavy rain;

the northern stations than they are at the southern. In two in-

stances the center of the rain area apparently moved westward.
Thus on the morning of July 16tn. the enter of the rain area was
at Marquette, which was more than 500 miles eastward of the

center of low pressure ; but in the afternoon the center of the

rain area coincided with the center of low pressure ; that is, the

center of the rain area moved toward the northwest. So also

on the morning of May 1st, the center of the rain area was
more than 400 miles eastward of the center of low pressure ; in

the afternoon the center of the rain area extended southward;
and during the evening it extended toward the southwest.

Cases of heavy ra nco it hi uing more the n eight hours.

- !»,*.- — >*. * m-» Bate. *£ «-*..

Nov.

vl
Mt. Washington.

Chicago.

Norfolk.

New York.
i; \fi

Mt. Washington.

New York.
New London.

Mar

July 1

-l'o-oo Nashville.

St. Paul.'

Marquette.

Portland, Me.

v \l
St. Paul.'

Burlington.

13-3

1-50

New Orleans.

Indianapolis.

Baltimore.

Mt. Washington.

average direction and force of the wind during these cas

vy rain-fall both for the southern and northern statio

follows

:

South of latitude 36°. At previ

North of latitude 36°. At prev a oba.

N. 75° E.

S. 69° E.

S. 39° E.

i and southern stations

by easterly winds. At
3 most prevalent, while

i most prevalent.

We thus see that both at the northei
heavy rains are generally accompanied
the northern stations southeast winds a
at the southern stations northeast wit
At the southern stations there are but eleven c
east winds are not reported either at date or at the preceding
observation. These exceptions are Nos. 4, 10, 18, 20, 25, 28,

30, 34, 46, 48 and 50. In four of these cases the force of the
wind was reported 0; in two of them it was reported as
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one mile per hour; in two cases it was four miles per hour ; in

one case it was five miles; in one case eight miles and in one

case twelve miles per hour. We thus see that during a heavy

rain-fall, the wind either blows from some eastern quarter, or

its velocity is almost invariably small.

At the northern stations there are but eight cases in which

east winds are not reported either at date or at the preceding

observation. These exceptions are Nos. 2. 12, 16, 18, 20. 21,

28 and 29. Two of these cases occurred on the summit of Mt.

Washington; in one of the remaining cases the velocity of the

twelve miles per hour. We thus see that at the northern sta-

tions as well as at the southern, during a heavy rain-fall the

wind blows from some eastern quarter, or its velocity is almost

:v small.

On Plate III are shown the curves of equal rain-fall for

Sept. 23, 1872, being No. 1 of the table on page 15. The outer

curve shows the extreme limits of the rain area and the other

curves show the limits of a rain fall of one inch and of two

inches. The arrows show the direction of the wind at 7 A. M.,

which was previous to the middle of the rain fall. There was

a center of lo v pn ssun cli'So) near Omaha, which was about

west of the center of the rain area and distant from it 660 miles.

Near the Atlantic coast there was a belt of high pressure

(80-25). The result of this unequal pressure was a general

prevalence of southeast winds throughout a large part of the

Mi«i—q>pi valley. Northerly winds commenced blowing from

the neighborhood of Lakes Superior and Huron, being the

result of a lower temperature and a higher pressure. This

colder wind from the north probably flowed under the math-

east wind which had been blowing over Luke Michigan and

produced that strong upward movement of the air which was

followed by excessive rain at Grand Haven una Milwaukee.

In a large number of the cases in the tabic on page 15 the

observations show that a southeast wind at certain stations was

opposed by a westerly or northerly wind at other stations.

This opposition or interference of winds generally results in a

a movement in nearly all of the cases in the table on page 15.

When the ra
'

' from the center of low pressure

md lid not generally exert a decided influence upon the

In preparing the materials for this article I hav
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The subject of vegetation is such a very wide one, and might

be treated of in so many different ways, that it seems desirably

to state at the outset what is the scope, and what are the limits,

of the discussion which I propose to bring before you. I pro-

pose, then, to confine attention almost exclusively to the ques-

tion of the Sources <>t the iit'<-nf/i>n of vegetation in general, and of
a/jn'rii'lnrnt production in particular. I propose further to treat

of this subject mainly in the aspects in which it has forced

itself upon the attention of Mr. Lawes and myself during the

now thirty-three years of our a. itions; and,

also, in so far as it, illustrates, and is illustrated by, the objects

contributed by Mr. Lawes to the Exhibition around us.

Before entering upon the special subject matter of my dis-

course, I must claim the indulgence of those present, who are

already well acquainted with the main facts of the chemistry of

vegetation, while I call attention, very briefly, to some rather

elementary matters, with a view of rendering what has to follow

the more intelligible to an\ who may be less fully informed on

When a vegetable substance is burnt—as a familiar instance,

let us say tobacco, for example—the greater part of it is dissi-

pated, but there remains a white ash. The ashes of crude or

unripe vegetable substances are found on analysis to contain
most, or all, of the foil* i namely :

—

Oxide of iron, oxide of manganese, lime, magnesia, potass,

soda, phosphoric acid, sulphuric acid, chlorine, and silica.

Barer substances than these are also sometimes found. Now,
much lias of late years been established in regard to the occur-
rence, and the offices, of some of these substances in plants;
but I do not propose to touch upon the questions herein
involved. It will sulliee further to say in regard to these in-

combustible, or "mineral" constituents, that the ash of one and
the same description of plant, growing on different soils, may,
so long as it is in the growing or immature state, differ very
much in composition. Again, the ashes of different species,
growing on the same soil, will differ very widelv in the propor-
tion of their several constituents. But it is found that the nearer
we approach to the elaboration of the final products of the plant—the seed, for example —the more fixed is the composition of
ash of such products of one and the same species. In other
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words, there is very little variation in the composition of the
ash of one and the same description of seed, or other final pro-

duct, provided it be evenly and perfectly matured. This fact

alone, independently of all that has been established of late

growth; and it is obvious that they must be provided unthw
the soil.

But now as to the combustible constituents—the carbon, the
hydrogen, the oxygen, and the nitrogen. Leaving out of con-
sideration such exceptional eases as those brought to light in

Mr. Darwin's beautiful investigation on insectivorous plants,

and also the sources of the organic substance of fungi, and. per-

haps of some forced horticultural productions, it may be slated,

that the source of the carbon of vegetation generally ; - the

carbonic acid existing in very small proportion, but in large

actual amount, in the atmosphere ; that the source of the
hydrogen is water; and that the source of the oxygen may be
either that in carbonic acid, or that in water. With regard to

the nitrogen the case is, however, by no means so simple. Not
that there are no questions still open for investigation in regard

to the assimilation by plants uf their incombustible or mineral

constituents, or of their carbon, their hydrogen, and their oxy-

gen ; but those relating to the sources, and to the assimilation,

of their nitrogon, are not only in many respects of more impor-
tance, but seem to involve greater difficulties in their solution.

What, then, are the sources of the nitrogen of vegetation ?

Are they the same for all descriptions of plants? Are they to

be sought entirely in the soil? or entirely in the atmosphere

?

or partly in the one, and partly in the other?

Amount of vi' I, !•[!' 1 1 curried doicn hi/ iilniox/iheric iirecipitnli'ji).—
As the combined nitrogen coming down from the atmosphere

in rain, hail, snow, mists, fog, and dew, does undoubtedly con-

tribute to the annual yield of nitrogen in our crops, let us first

briefly consider what is known as t<> the amount of it annually

so coming down over a given area of the earth's surface: and

as we are here discussing the subject in England, I will adopt

as the unit of area. The following table shows the amount of

nitrogen coming down as ammonia and nitiic acid in the total

rain, hail, snow" and some of the minor deposits, during the

y n- i<>:\. InV,. and ! -OK at Rothamsted (Herts), the nitric

acid being, in all cases determined by Mr. Way, and the

in some cases by him, and in others by ourselves:

—
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E I.— Combined Nitrogen i

i connection with Vegetation.

N.trogeo per acre, per annum , Ib,

1853. 1855. 1856. Mean.

(not determined) M? 0-'?3 0-75

663 8-58

LI1..1 S.

merous determinations of the ammonia and nitric acid in
md the other aqueous deposits, have been made in various
of France and Germany, some in the vicinity of towns,

n the open country. Of the latter, which are the
purpose, it may be stated that those of Boussingault

'n Alsace, generally indicate a larger propor-

Of the

at Liebfra

tion of the n

than our own ; but, upon the whole, the observations in the
idely separated localities mutually confirm one another.

" others, in other localities, some show about the
same amount of combined nitrogen so deposited as our own,
some, however, much more, and some much less, than ours;
but the determinations on the Continent generally show a
higher proportion of the total combined nitrogen to exist as
nitrates than those in this country. It may be added, that
numerous dt-t t in tio wo I the combined nitrogen in rain, dew,
etc., collected at Rothamsted, have much more recently been
made by Professor Frankkmd, and his re.-ult-. which are pub-
lished in the "Sixth Report of the Rivers Pollution Commis-
sion," are substantially confirmatory of the earlier determina-
tions, summarized in the foregoing Table, but upon the whole
tii. > indicate lower amounts. Lastly, M. Marie'-Davy deter-
mined the ammonia in the rain, etc, collected at the Meteoro-
logical Observatory at Montsouris, Paris, durino- the last six
months of 1875 ; and the amount of ammonia sodoming down
even within the walls of Paris, represented only 5 -25 lbs. of
combined nitrogen per acre, or only 105 lbs. per acre, per
annum. M. Mane-Law did not make a complete series of

'"A< "''oie nitric acid in the meteoric waters, but his
11,1 lul '' results a-r. ith th xp. rim t , tin , ,„ ,i ,, v

mg the amount of combined nitrogen to be comparatively small.
Thus, the determinations hitherto made of the amount of

combined nitrogen coming down in the measured aqueous
deposits from the atmosphere, do not justify us in assuming
that the quantity available from that source will exceed ei-dit
or ten lbs. per acre, per annum, in the open country, in Western
Europe. It should be observed, however, that the amount of
ammonia especially is very much greater in a <riven volume
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of the minor aqueous de posits than it is in 1 ain
; and there can

be little doubt that th re would he ammonia deposited
from them w of soil, than on an

f the non porous even
How much, however, wo uld thus be a vailal. e to the vegetation

rea beyond that detern the collected and
measured au its, we have lint ti e means of estimat-

ing with an) certainly. On the otl er han
pendent dete by both Dr. Voelckcr and Dr. Frank-
land, of the n the drainage collected from land
at KuThanisted which had been many unmanured, lead to

the conclusio 1 that ther m av In- a e, nsiderable annual loss of

nitrogen by the soil in that way.
litroqen der ved by crops 0/ dipr, nt kinds when grown

uithont yuan. re.—The ext point U der is, what is the

amount of nltrogen an iu ally obtair ed ov r a given area, in

different crops when they are grown witho it any supply of it

This point may be i lustrated bv the results

the field on M r. Lawes' farm at

Eotliamsted, which have now been in pi-ogn ss for about a third

Table II.— Yield of Nitrogen per acre, per an ,,,„. in Wheat, Barley, and Root

„.„.., CEL [SS

Hoot J

Crop,
|

f

12 yrs. 1852-'63

12 yrs. 1864-"?5

24 yrs. I852-'75

I;

{

Complex Mineral Manure j

^n— j
1

fTurnipa .-

Pill
Mineral I

j
Turnips
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of a century. Table II shows the yield of nitrogen per acre,
per annum, in wheat, in barley, ard in root crops,'" each oTO \vn
for many years in succession on the same land, either without
any manure, or with only a complex mineral manure, that is

supplying no nitrogen.

Bearing in mind what has been said as to the amount of
combined nitrogen known to be annually deposited from the

re, the figures in Table II have great interest and
significance. Thus, overa period of thirtv-two years, the wheat
has yielded an average of 20-7 lbs. of nitrogen, per acre, per
annum, without manure. But if we look at the quantities
yielded during the first eight, the next twelve, and the last
twelve years of that period, it is seen that there has been a
gradual, but at the same time a considerable decline in the
annual yield. From this it would appear probable that the
nitrogen of the soil derived from previous accumulations, is

being gradually reduced; Whether or not the whole of the
excess of yield over that available from the rain, and other
measured aqueous deposits from the atmosphere, is due to pre-
vious accumulations within the soil, and is therefore inducing
a gradual exhaustion of its stock of nitrogen to that extent we
have not conclusive evidence to show. Determinations of nitro-
gen in samples of the soil taken at different times during the
course of the experiments do, indeed, show an appreciable reduc-
tion. It is probable, however, that a part of the rxrcss of yield
is due to condensation of ammonia within the pores of the soil
beyond that which would be deposited in rain, and in the dew
and other minor deposits condensed on the non-porous even
surface of a rain-gauge, as already referred to.

Excluding the first eight years' of the growth of wheat, it is
seen that while over the next twenty-four years, 1852-1875,
the wheat yielded 19-3 lbs. of nitrogen, per acre per annum ;

the barley yielded an average of Itf-V, 11*. over the 'amo period'
Again, during the first twelve of the twenty-four years the
wheat yielded 22 -6 lbs., and the barley T> 11,'s - while during
the second twelve years, the yield in wheat was reduced to
lo-> and that in the barley to 14-6 lbs. The similarity in the
yield of nitrogen oyer the same periods in ,!,,-., twodoselv
alned crops, growing in ,l,llerent fields, is very strikm-r, though,
upoo the whole, the indication is that the autumn-^ ,, wheat
lias accumulated more than the spring-sown barley

It is next to be observed that the annual use' -,f a complex
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Let us now em, side,- what is the vie'ld of nitrogen by plants

of other natural families, and first of all l>y certain so-called

beet of the order Chenopodiaceae. On this point we have the

experience of thirty-one years, excepting that during three of

equalise the condition 1,1 th . before re-

arranging the manuring, and during two other years the turnips

fa, led and there was no croD.

It should be premised that when root-crops are grown with-

out manure of any kind, there is after a feu rears scarcely any
produce at all ; and hence the results recorded in the table are

those obtained by the use of mineral manures, hut without any
supply of nitrogen. It is seen that .hiring the first eight years

of turnips, there was an an ratr* ield of 42 lbs. of niiWen ,,P r

acre, per annum. During the next three years harlev vie!, led

24-3 lbs. annually. During the next fifteen years, thirteen v, ith

Swedir-h turnips.' and two 'without an v crop, there was a yield

of 18-5 lbs. per acre annually. Durir.sr the last live vears .near-

beet yielded 131 lbs. per acre, per annum Lastlv, over the

whole' thirty-one years, during which there were three crops of

barley, two vears without any crop,, twenty-one years of turnips,

and five of sugar-beet, the average annual yield was 26'8 lbs.

Here, then, we have a reduction to less than one-third during

the later compared with the earlier years, and to a lower point

than even with either wheat or harlev: thou-rL, during the

whole period, the annual yield is higher man with either of the

-
-

cropa" < .
la vers of the soil of

v» e s lie's of nitrogen, more completely than per-

haps any other crop. It may further be adde 1 that the surface

... .

- .. - v;

have fair grounds for concluding, therefore, that il in the eases

of the wheat and the barley the nitrogen yielded beyond That

retained by thesoil from the direct measurable aqueous deposits,
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together with that condensed within the pores of the soil from
the atmosphere, be derived from previous accumulations within
the soil, so also may the excess of yield by the so-called "root-
crops" be accounted for.

We now come to the consideration of the yield of nitrogen
when plants of the leguminous family are separately grown, or
when they, and plants of some other families, are grown in
alternation, or in association, with the Graminese. Table Ifl
shows the results obtained with beans, and with clover ; with
clover and barley grown in alternation; and with turnips,
barley, clover or beans, and wheat, grown in an actual course

„„...,. ——- 2L £'-:;Zm

Beans -l

—
|

Barley
Clover

Barley

Rotation

Unmanured i

12 yrs. 1847-'58

12 yrs. 1859-'70(»)

24 yrs. 1847-'70

12yrs.'l859-'70(*)

22 yrs. 1849-'70(t)
22 yrs. 1849-'70(f)

1 yr. 1873

1 yr. 1874

368

6

1

Unmanured

> i

u—i - S£
Barley after Clover more than after )

1 3 Clover or Beans \ 1 Superphos-

U Wheat
J [ phate....

Referring first to the results obtainec
shows that without manure then

— #ith beans the table
that without manure there was an annual yield over thefirst
e years, 1847-1858, of 481 lbs. of nitrogen. Over the
twelve years, 1859-1870, it was reduced to 14-6 lbs. per
per annum. Still, over the whole period of twenty-four
we have an annual yield of 81 '8 lbs., or more than c"
half time as much as in either wheat or barlev.

ine years Beans, one year Wheat, two years fallow,
i years Clover, one year Wheat, three years Barley, twelve years fallo'
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In the case of wheat and barley it was seen that a mixed
mineral manure increased the yield of nitrogen to a verv small
degree only. Not so in the case of the leguminous crop! 1 .cans.

During the first twelve years a complex mineral manure, <'<>n-

taining a large amount of potass— 1 call attention to this fact

because we have abundant evidence that it is the potass chielly

that is effective—uave I) bo lbs. of nitrogen p. r acre per annum
against 4S 1 lbs. obtained over the same period without manure.
During the next twelve years, the potass manure uavc 2!>vi lbs.

against scarcely half as 'much, or 14-6 lbs. without the potass
manure. And finally, during the whole period of twenty-lour
years, the potass manure has given 45 -5 lbs. of nitrogen per
acre, per annum, against 81 3 lbs., or only about two thirds as

much, without manure; and we have more than twice as much
yielded by a potass manure over a period of twenty four rears
with bean's than with either wheat or barley.

Before calling attention to the figures relating to another
leguminous crop—red clover—it should be mentioned that

leguminous crops generally are. and clover in particular is,

extremely sensitive to adverse climatal circumstances; but
clover is pre eminently sensitive to soil conditions also. Indeed,
it is a fact well recognized in agriculture, that few soils can be
relied upon to grow a good crop of clover oftener than once in

about eight years; and many soils will not yield it so fre-

quently. It will not excite surprise, therefore, that in attempt-

ing to grow clover year after year on the same land, we have
only succeeded in getting any crops, and some of those poor

ones, in six years over a period of twenty- two. Indeed, the

spring succeeding the sowing of the seed ; when, in some cases

a crop of wheat or barley was taken, and in others the land was
left fallow. Hence, over a period of twenty-two years we have

had only six years of clover, one of wheat, three of barley,

and twelve of"fallow. Still, the annual yield of nitrogen over

the twenty-two years was 305 lbs. without any manure, and

•

tural point of view, still it is seen that the influence of the inter-

polation of this leguminous crop bssg I the yield

of nitrogen comparer 1 in either wheat or

barley grown continuously; and that, unlike the result with

those crops, a potass manure has here again, as with beans,

Without attempting for the moment to discuss the probable

source or sources of this wreath eased vi 1 , litrogen by

leguminous as cornpaifd with n rain in w i - I ill sini| \

here remark in passing that we have no evidence leading to the
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conclusion that this increased assimilation is at the expense of

the nitrogen existing at any rate in the upper layers of the soil.

In fact, such initiative results as we have relating to the nitro-

gen in the soil of the experimental bean field, would rather
lead to the conclusion that tin' better the crop has grown, and
the more nitrogen it has assimilated, the riclier rather than the
poorer in nitrogen (as indicated by the soda-lime method) has
the surface soil become. To this point, however, we shall have
to recur presently

; but in the meantime let us first refer to the
yield of nitrogen in other cases in which leguminous crops have
been interpolated with others.

It is, indeed, well known that the growth and removal of a
highly nitrogenous leguminous crop is one of the best possible

preparations for the growth of a gramineous corn crop, which
characteristically requires nitrogenous manuring. A striking
illustration of this apparent anomaly is ail'orded in the results

next in order recorded in Table III.

After the growth of six corn crops in succession by artificial

manures alone, barley was grown without manure in 1873 on
one portion of the same land; and on another portion cl-vcr
was grown. It is calculated that there were taken off in the
barley 37*3 lbs. of nitrogen, and in the three cuttings of clover
151-3 lbs. Yet, in the next year, 1874, barley succeeding the
bariev gave 3wl lbs., and barley sueceeding'the clover gave
69<4 U^. of nitrogen; or 30-3 lbs. more after the removal of
151-3 lbs. in clover than after the removal of 373 lbs. in barley.
Nor was this remarkable result to be explained by either acci-

dent or -Tror. For, determinations of nitrogen in four separately
t

,

.ken samples of the soil, in the mixture of the four, and in the
mixture of six others, taken from each plot, and at different
depths, all concurred in showing an appreciably higher percent-
age of nitrogen, especially in the surface soil, nine inches deep,
of the land from which the clover had been removed than in
that from which the barley had been taken ; and this was so,

although, in every case, all visible vegetable debris had been
carefully picked out. Here, then, the surface soil at any rate
was positively enriched in nitrogen (determinable by soda lime)
by the growth and removal of a very highly nitrogenous crop.
It may be mentioned that Dr. Voelcker has obtained results of
a similar character.

The results next to be considered are those obtained in an
actual tour-course rotation of crops—namely, turnips, barley,
clover or beans, and wheat. The experiments have been con-
ducted through seven such courses ; that is to say, over a period
of twenty-eight years. One portion of the land, the results
relating to which are given in the table, has been entirely
unmanured during the whole of that period, and the other has
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red super-phosphate of lime alone, once every four vears

or barley, grown consecutively. With super-phosphate ol' lime

tl t
, ,, , , , [

it -really in the logmninous crops, and slightly in the wheat
immediately following them, we have the average annual yield

t veai r'to ii

'

l.'.u'l I 't l! n 'l l.'v

wheat or 1 arley grown continuously by mineral manures alone.

11 ' _ i . ii i - p - _i iev^and the

wheat, hut the land was tallowed instead, the total yield of

nitrogen in the rotation was very much less: the wheat succeed-

ing the fallow yielding very little more nitogen than that suc-

-

crops of the rotation- beans or clover—has been succeeded bv
a growth of wheat, and assimilation of nitrogen bv it. almost as

great as when it has succeeded a year of lali-

a period of accumulation from external sources, and no removal

by crops.

One other illustration must be given of the power of

plants of the leguminous and some other families to assim-

ilate more nitrogen over a given area than those of the

gramineous family. But before cut-ring upon the bearing of

the results in question on this particular point, it will he neces-

sary to digress a little to call special attention to the conditions

of the experiments under which the results were obtained : and

it is the more desirable to do this, since the most important of

Mr. Lawes' contributions to this Exhibition is an illustration of

the results I am about to refer to.

Effects of manure.—I must here forestall a little what T shall

have to refer to more fully further on, as to the effects of char-

botanical families. I will sav briefly, then, that it is found

that nitrogenous manures have generally a very striking effect

in incivasim,: the crowth of gi . separately

on arable land, such as wheat, barley, or oats, all of which con-

tain a comparatively small percentage of nitrogen, and, as has

been illustrated, assimilate a comparatively small amount of it
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The highly nitrogenous leguminous crops, on the other hand',

such as peas, beans, clover, and others, are by no means char-
acteristically benefitted by the use of direct nitrogenous
manures, such as ammonia-salts or nitrates, though nitrates
act much more favorably than ammonia-salts. Again, while,
under equal conditions of soil and seasons, mineral without
nitrogenous manures increase comparatively little the poor-in-
nitrogen gramineous crops that are grown separately, such
manures, and especially potass-manures, as has been seen,
increase in a striking degree, the growth of crops of the legu-
minous family grown separately, and coincidently the amount
of nitrogen they assimilate over a given area.

Such, then, is the result obtained in the separate growth, on
arable land, of individual plants of 'the different families.
Now, in the mixed herbage of permanent grass land, we may
have fifty, or even many more species growing together, repre-
senting nearly as many genera, and perhaps eighteen or twenty
natural orders or families. Of these, the Graminea? generally
contribute the largest portion of the herbage; and, on good
grass land, if the Legurninosre do not come second, they are at
any rate prominent. The degree in which other orders are
represented may be very various indeed, according to soil,

locality, seas umstances. In Mr. Lawes' park,
at Eothamsted, nearly eighty species have been observed: but
of many only isolated specimens, and it may be stated generally
that about fifty species are so prominent as to be found in 'a

carefully averaged sample of the hay grown without manure.
Experiments on the influence of different manures on this

mixed herbage were commenced in 1856 ; at which
1

time the
herbage was apparently pretty uniform over the whole area
selected. About twenty plots, from one-quarter to one-half an
acre each, were marked out, of which two have been left contin-
uously without manure, and each of the others has received its
own special manure, and as a rule the same description year
after year—and the experiments have now been conducted
over a period of twenty years.
Under this varied treatment, changes in the flora, so to

speak, became apparent even in the first years of the experi-
ments; and three times since their commencement, at intervals
of five years— namely, in 1862, 1867, and 1872—a carHuilv
averaged sample of the produce of each plot has been taken
and submitted to careful botanical separation, and the percent-
age, by weight, of each species in the mixed herbage determined.
Partial separations have also been made in other years.

Mr. Lawes has contributed a lame case of specimens to the
exhibition, which shows the botanical composition of the herb-
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age on selected plots in the seventeenth season of the experi-

ments (1872). The quantities of the different plants there

exhibited represent the relative proportion, by weight, in

which each species was found in the mixed produce of the

different plots; and the whole illustrate* in a striking maimer

the domination of one plant over another, under the influence

of different manures, applied year alter year on the same plot.

The general results of the experiments may be briefly sum-

marized as follows :—
The mean produce of hay per acre per annum has ranged,

on the different plots, from about twenty-three cwt. without

manure to about sixty-four cwt on the plot the most heavily

The number of species found has generally been about fifty

on the unmanured plots, and has been reduced to an average

of only twenty, and has sometimes been less, on the most

heavily manured plots.

Species belonging to the order Graminem have, on the aver-

age, contributed about sixty-eight per cent of the weight of

the' mixed herbage grown without manure; about sixty-five

per cent of that grown by purely mineral manures (that is,

without nitrogen); and about ninety-four per cent of that

grown by the same mineral manures, with a large quantity of

ammonia-salts in addition.

Species of the order Leguminosce have, on the average, con-

tributed about nine per cent of the produce without manure,

about twenty per cent of that by purely mineral manures

(containing potass), and less than 0-01 per cent of that by the

mixture of the same mineral manures and a large quantity of

BE&moniacal salts.

Species belonging to various other orders have, on the aver-

age, contribute,! about twenty -three per cent of the produce

without manure; about fifteen per cent of that by purely

mineral manures, and only about six per cent of that by

the mixture of the mineral manures and a large amount of

ammonia-salts.

Not only the amounts of produce, but the number ana

description of the species developed, have varied very greatly

between the extremes here quoted, according to the particular

character or combination of manure employed, and to the char-

acter f ti

:

kinglj illustrated by the arrange-

ment of the specimens in the eas v i. own er, it should

be borne in mind, show the composition of the herbage on the

selected plots in one particular season only—namely, in 18/2.

Obviouslv, these few remarks can only very inai

indicate the interest of these - of the dom-

ination of one plant over another in the mixed herbage of per-
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manent grass land. Nor do we pretend to be able to give a
satisfactory explanation of the variations induced, founded on
the obvious or recorded difference in above-ground or under-
ground character or habit of growth of the individual species.
The whole of the results—agricultural, chemical, and botanical

—

obtained during the twenty years of the experiments are. how-
ever, now in course of arrangement for publication; and that
we may not overlook such explanations as might be suggested
from the point of view of the botanist and vegetable physiolo-
gist, as well as that of the chemist, we have associate! with
ourselves Dr. Musters in working up the botanical part of the
inquiry; and I think Dr. Masters will agree with me in saying
that much more has yet to be known of the difference in the
physiological capability, so to speak, of the leaves of plants of
different species, genera, and orders, and of the differen -e in

the distribution, and in the feeding power, of the roots, before
satisfactory explanations of the facts observed can be given.
Surely, a wide field of investigation for the botanist and' vege-
table physiologist is here opened up to view !

Art. Ill— Observations on a property of the Retina, fist noticed
by Tait; by Ogden N. Eood, Professor of Physics in

Columbia College.

In the Edinburgh Proceedings, 1869-70, vii. p. 605-607,
Tait described an interesting observation, which has perhaps
some bearing on Thomas Young's theory of color. While suf-
fering from indisposition, he noticed each time on awakening
from a feverish sleep, that the flame of a lamp seen through a
ground-glass shade, assumed a deep red color, the effect lasting
about a second. He suggests that the nerve fibiils in the
retina also partook of sleep, and on awakening the green and vio-
let nerves resumed their function somewhat later than the red.
I have m my own case noticed some instances, which seem to
point out that after a nervous s/mck, sudden or prolonged, the
green nerves (adopting the theory of Young,) recover their
activity later than the red, and probably later than the violet
nerves. The first observation was made twentv vears ago while
recovering from the effects of chloroform, which had been
administered by a dentist, well known at that time in Munich.
Upon regaining consciousness, and raising my eves to the face

•a tor, I was a little surp
. previously

remarked his unusually ruddy complexion, but the next instant
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saw that this was due to an optical illusion, for his hair

appeared of a bright purplish-red hue. The singular appear-

ance lasted perhaps a couple of seconds, when his hair resumed

its natural color, which was white. This observation corresponds

with that made by Tait.

I give now an instance, where chronic effects of a similar

character were noticed by me for a couple ofweeks continuously,

during convalescence from typhoid fever. In this case white

objects appeared of a not very intense orange-yellow hue, the

general effect on a landscape beinc; such as is produced by the

orange-yellow rays of the setting sun. Here the activity of the

green and violet nerves was diminished relatively to that of the

red. The auditory nerve was also evidently allected during

the same period, but precisely in what wav 1 did not ascertain.

It is a matter of yearly observation with me, that effects,

similar in kind wit li those first noticed, are produced by pro-

longed exposure to bright white light out of doors. Under
such circumstances white objects no longer appear pare white,

but are tinted plainly purplish-red, and rather dull greens

assume a gray hue, as though all the green in them had been

neutralized, while strong greens are considerably reduced in

intensitv (saturation.) Upon leaving the blinding glare and

entering a darkened room, it often for several seconds appears

Two of these cases and, probably that of Tait, point out, that

our apparatus for the reception of waves of light of medium

length, is more liable to be over-strained by nervous shocks or

by "prolonged excitation, than is the case with those designed

for the reception of waves of greater or lesser length. Nervous

derangement and prolonged excitation, are then causes, which

may produce temporary green color-blindness.

Art. IV.—On grains of Metallic Iron in Dolerytes from New
Hampshire; by George W. Hawes.

The presence of metallic iron in certain basalts and dolerytes

has been repeatedly proved. It was first shown by Dr.

Andrews that it was contained in the basalts of the Giant's

Causeway* Eeuss has proved its presence in Bohemian

bas ilta : and in this country it has been found in the Mesozoic

dolerytes of New Jersey by Cook.f

In all these cases the iron has been detected by a microchem-

ical method. If a portion of a rock is pulverized, and the

*F
tc
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magnetic constituents withdrawn by passing a magnet over the

ic iron which may be present in the rock

can be recognized by treating this magnetic portion with an

acid solution of sulphate of copper and then examining it with

the microscope to see if any metallic copper is precipitated. If

metallic iron is present it exchanges places with the copper, and
crystalline aggregates of metallic copper, easily recognizable by
their color and luster, will be seen. But as" Dr. Andrews re-

marked in speaking of the Ovifak iron, in his inaugural address

before the British Association last summer, it has never been
found possible to detect with the microscope this iron which
was known to be present. It is proposed here to point out the

mode of occurrence of visible grains of metallic iron in dole-

rytes from New Hampshire.
* Upon the Dry river, a small stre

from Mount Washington, there ;

chrysolitic doleryte, which cut through the old
~

rocks. These dolerytes are composed of labradorite, pyroxene,
chrysolite and magnetite, with a little mica ; and, though they
contain such decomposable materials, the rocks are remarkably
fresh, and all the minerals are clear when looked at in thin

sections with the microscope, showing no signs of alteration.

This may be due in part to the remarkable compactness of the

rock, and perhaps more to the great freshets in the spring time,

which remove any soft or loose material.

Considering that the circumstances wotdd be favorable for

the preservation of metallic iron in these rocks if anv were
originally present, I tested for it according to the method be-

fore described, and the strength of the reaction was surprising.

The magnetic constituents treated with sulphate of copper ex-

hibited numerous bright crystalline aggregations of copper
which were plainly visible to the naked eye. The reaction
was so much more marked than any that I had obtained in

testing the trap rocks of the Connecticut valley, which con-

tain iron when not altered by decomposition, that I examined
the sections to ascertain if it could not be seen under the

microscope; and I found on shutting off the light from the
mirror below and examining them with light reflected only
from the section, that a few of the grains of magnetite possessed
a bright metallic center, which had the luster of metallic iron.

and which was very marked in the bluish-black magnetite.
Taking an unmounted section which possessed one of these
grains near its center, I treated it with sulphate of copper,
when the grain was covered with a coat of copper, proving it

to be iron. The following figure is drawn from a section of

the rock, and represents it as r

:

.. diameters.
The black mineral is magnetite, and the light colored spot in
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:iile the other ingredi-

Dot possess any
external form,

but the labradorite is finely striated by twinning, and this pro-

daces a beautiful effect when it is examined with polarized

ligbt. The magnetite is extremely magnetic, and, on being

separated from the other material by a magnet, the grain? retain

magnetism and become little lodestones, and several quite

is can be drawn along together with the end of a

wire. These rocks form a part of the series that will

be described in the third part of the report of the New Hamp-

shire Geological survey.

It has been supposed that the metallic

from the agency of carbon or some reducing ago..., «.uwu w
ins on the magnetic iron at a high temperature has reduced i

i it to the metallic state. The presence of this iron k

the centers of the irregular grains of

cate that the magnetite in this rock 1

2 of basalts results

ulted frc

..xMnt of t

It is possible that the phenomena here described may have

seen observed before, but I have been unable to find any

•ecord of them.
.

1. Fold a sheet of writing paper into a tube about an inch

n diameter. Look through the tube at some distant object

* Read before the St Louis Academy of Science, Nov. 6th, 1876.
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with one eye, and toward the open hand with the other eye,

the edge of the hand being in contact with the tube. The
dissimilar objects producing unlike images upon the retinae, the
sensations blend and a hole will appear to be cut through the
palm of the hand, through which the tube passes. That part
of the tube between the eye and hand will appear to be trans-

parent, as though the hand were seen through it.

This experiment is very old, but seems not to have found its

way into scientific literature.

2. Keplace the hand by a sheet of unruled paper, upon which
a drop of ink has been placed. By proper management, the
ink blot may be made to appear within the tube, by so plac-

ing the paper that the hole which is apparently cut through it,

coincides with the blot. Ordinarily the blot will then appear
opaque, the paper immediately around it, and apparently within
the tube, being invisible. The blot appears as it were suspended
in space. By concentrating the attention strongly on object!
seen through the tube, especially if they are strongly illumin-
ated, the blot becomes more hazy, transparent, and may even
be made to disappear altogether. "The mental effort necessary
to do this cannot be maintained more than a few seconds, and
the spot will reappear. If the effort to cause the spot to thus
disappear be kept up, the attention being strained to its highest
pitch, the blot will disappear and reappear at regular intervals
of a few seconds, the absolute time depending upon the illumina-
tion. It seems as though the organs exerted become fatigued,
and relaxing for a few moments, refreshment sets in, which
again renders possible the exertion necessary in causing the
blot to disappear. It is possible that these experiments maybe
so ' "' ;is '" throw some light upon the conditions necessary
in fixing the attention. Interesting experiments may also be
made by substituting a fragment of a plane mirror for the sheet
of paper. Looking through a rather large tube at a distant
object with the right eye, and the reflected image of the left

eye will appear staring up the tube, the adjoining parts of the
head being invisible.

3. Substituting lor the ink-blot a small hole cut through the
paper, the small hole can also be made to appear within the

-

rounding paper being invisible, unless attention be directed too
to the paper in which the hole is cut. The relative

>n of the small hole, and the space in
around it depends upon the relative illumination of objects upon
which the tube is directed, and that of the sheet of paper
exposed to the other eye.

4. Keeping the same arrangement, place at a distance of one
foot from the end of the tube a sheet of paper so that objects



W. M. Fontaine— Vespertine Strata of Virginia. 37

beyond it are still visible—arrange matters so that it is visible

to the eye looking through the tube, but not to the other,

directed at the small hole in the paper sheet This second sheet
will now appear to be traversed by a hole the same in size as
that cut through sheet No. 1.

Cutting a small hole in sheet No. 2, matters are easily
arranged so that it appears within the hole which was before

Men within the tube. These experiments may be utilized in
showing the simultaneous accommodation of the two eyes.

5. Tubes of this kind, blackened on the inside are very
convenient in studying color sensations. Using two sucli tubes,

look through one with the right eye, say, at red, through the

other with the left eye at green paper, illuminated by the direct

solar ray. The color sensations fade with marvelous quickness.
Transferring both eyes to either color, say red, the eye fatigued

by green sees the red greatly intensified, the effect being
rendered the more striking by the simultaneous impressions

received by the two eyes. Experiments in the combination of
color sensal - iggest themselves.

The editor of the &:ie>t'tiri" Am-ricin has written sunietliimr

quite similar to some parts of this communication (Oct. 14). but
a comparison of it with my short note in Nature, Aug. 10th,

will show that I am not the borrower.

Structure an<t ije^jnijil'i^i) distribution.

The eastern border of the unbroken area occupied by the

Vespertine in the two Virginias may be taken as limited by
the Main Alleghany, in the northern and middle portions of

the area in question, and in the southern portion, by Peter's

and East River Mountains.

As Prof. fin. B. Rogers has shown, the rocks of the Vesper*

tine, or No. X, compose the middle portion of the Main

Alleghany from the Potomac to Pocahontas county. This range

:ne distance south of the Potomac, is called

"the Eastern Front Ridge of the Alleghany," while from the

northern part of Pendleton county to the southeastern corner

of Greenbrier county, it bears the name "Alleghany."

North of P - the range

shows principally monoclinal westerly dips. The flexure- here

are comparatively broad and gentle. Hence the Vespertine

and associated strata first dip gently westward, and then pass

into a series of undulations, which extend nearly to the Ohio
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increasing depth to which they are buried, the Vespertine
strata are rarely brought to the surface in that direction by the

As we go south of Pocahontas the westward thrust which
has affected this region, causes an increased elevation and flex-
ing of the rocks. The structure of the Alleghany passes from
monoclmal to anticlinal, with increasing steepness of dip so
that, in the vicinity of the White Sulphur Springs, where pen-
etrated by the tunnel for the Chesapeake & Ohio Railroad, the
strata stand nearly vertical.

Lower and lower rocks enter into its composition, in passing
southward. As Rogers has shown, in the north, where mono-
clinal dips prevail, the lowest rocks seen in the east face of the
mountain are those of No. IX or Catskill ?. But near the
White Sulphur, the core of the mountain is composed of the
lowest Chemung, and, probably, Hamilton strata.

The development of an anticlinal structure, with increasing
steepness of dip in passing southward, has had the effect of
causing a belt of Vespertine rocks to be brought down on the
east side of the mountain, and caught in a synclinal fold. This
gives us the small coal beds seen near the Lewis Tunnel.
At the same time the increase in the elevation and flexing of
the strata southward from the northern part of Pi
county has brought up rocks lower than the Catskill?. not only
in the Alleghany but over a belt about ten miles wide to the
west, so that the east limit of the unbroken Vespertine is
thrown off to the western side of this area.

This belt shows strata all the way in the series, from the
Onskany to the Vespertine. The formei bat. h mi, ,-

i th.
lowest eroded places, and the latter shows merely small uneroded
remnants of its lower portion. In the vidnitv .">f the White Sul-
phur Springs, the strata throughout this area seem to be dis-
posed in closed and contorted aiitidinals overturned to the
westward, which are separated by comparatively broad belts, in
which the beds show moderately steep dips.

This disturbed belt is separated bv a line of fault from the
Vespertine strata. Here the transition is verv abrupt, to a
region which shows rei

n

:
, (1 „.,.'.

| >„ ,;; ]

;., „_,,,,./

description of the geology of the eastern corner of Monroe
county would seem to show that the elevation of strata lower
than the Vespertine in the Alleghany, and the belt to the west
of it, is not maintained beyond the northeastern border of this
county; for there we find that the eastern outcrop of the Ves-
pertine area has closed in upon the Alleghanv. while within
the county this mountain chain is continued'in Little Moun-
tain, which is composed of upturned Vespertine strata
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With this disappearance of the elevated belt of disturbed
Devonian strata, the fault which bounded it on the west also

vanishes, but is succeeded by a much more important one,

which begins some distance to the east of the termination of
the Alleghany, in the northeastern edge of Monroe county.
The rapid increase in the magnitude of this fault to the south-
west soon swallows clown the Devonian beds of the Alleghany,
with their overlying bands of Vespertine coal beds, and brings

the eastern outcrop of the Vespertine close to Lower Si hi nan
strata. This fault, which runs not far to the west of Peters 's ;.ud

Ka>t River Mountains, bounds the Vespertine outcrop in that

direction.

Every observer who has examined the structure of the
country to the east and west of this fault, in the region extend-
ing from Monroe county to the southwest, has been struck with
the remarkable difference in the amount of disturbance exhib-

ited by the strata on the opposite sides of it. Prof. Lesley has

given an excellent account of the condition of the country to

the southeast ofthe fault above mentioned. The entire area here
has been fractured, displaced, and folded, showing a truly as-

tonishing amount of disturbance. On the northwest, or western
side, we find the beds sometimes : turned, but
they pass into an almost horizontal position in a short distance

to the west. This is well shown in Prof. Lesley's section of
Stone Mountain, where the conglomerate series is thus affected.

Prof. Eogers, in his section of the strata in the northeast corner

of Monroe county, gives a good example of this condition of

things. Here the" partially overturned beds of the Vespertine

and TJmbral, lying in the immediate vicinity of the fault,

rapidly come down to nearly a horizontal position. In my ac-

count of the section near Greenbrier River, a similar structure

will be shown. But here the line of fault separating the dis-

turbed from the undisturbed region, is a minor one, developed

by the rise of the Devonian belt near the White Sulphur
Springs.

While the direction of this fault is thrown more in a

northerly direction, and hence farther to the west than that

of the one above described, yet it occupies the same relative

position, and performs the same office, viz : that of checking

the propagation of the disturbance through the strata to the

west of it This fault does not seem to continue far north,

certainly not beyond Pocahontas county.

The country everywhere to the west of these last lines of

fault, from Greenbrier county nearly to the Tennessee line,

with the exception of a few undulations and disturbances in

the vicinity of the fault, shows a prevailing northwest dip, as

far as the Ohio River, which, as we go in that direction, brings
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us upon higher and higher strata. This region may then be
regarded as an eroded plateau, sloping from the east toward
the Ohio Elver. The mountain- 1 i 1

,],','„ „ ,. , M . ting in this
region are simply uneroded remnants of higher and softer
strata, resting upon a basal plane, formed by lower and harder
ones, such as the Lower Garb. one, and the
sandstones of the Conglomerate Series.

I have attempted to give some account of the topography of
this part of the State of West Virginia, in the "Resources of
West Virginia," recently published under the direction of the
State Board of Centennial managers."
North of Pocahontas county the flexures along the east

border show no fault, but are propagated with diminishing
force far to the west. In this quarter the most westerly fauft
is the great one, running along the west side of the great Lower
Silurian limestone valley of Virginia. The Professors Rogers,
in their (lis ,, :ture f tne Appalachian Belt in
the Virginias, have well shown the gradation of folds, in the
northern part of the area in question," into faults in the south-
ern part. In passing south the anticlinals become closed, then
overturned to the west, and finally fractured. This feature is
shown, as I have explained above, in the Devonian area near
the White Sulphur.
An inspection of the map of the Virginias will show that the

straight mountain chains which extend from the southern part
of the two states in a northeasterly direction to the northeastern
corner of Monroe county, are then thrown farther west, and
made to take rly direction. The more south-
erly chains are produced by resistant strata, brought up along
lines of fault, the more northerly, by folds.
The following seems to me to be the course of events, which

resulted in the production of the of the coun-
try :

The westward thrust, which, at the close of the Carbonifer-
ous Age, uplifted the Appalachian Belt, found the strata almi"
its present western border, for some distance- south of the
.Potomac, with their power of resistance comparatively unim-
paired by any previously existing tension. Consequently, the
undulations arising from the thrust were propagated far to the
west But to the south the case wasdifferenf. The western ed-e
was already weakened by the tension nrodueed by the develop-
ment of the deep trough, in which the lower Carboniferous strata
were deposited, and tins tension increased with tin; increased
depth of this trough to the south. Hence, we find first the
development of a minor fault along the eastern side of Green-
brier county, which relieved the strata to the west of it in a
great measure, from the westward thrust.
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Passing south, into still more weakened strata, the sudden de-

velopment of the great fault near the Sweet Springs, in Monroe
county, to the east of the southerly prolongation of the Alle-
ghany, in like manner relieves the country to the west from
the upheaving force, causing the Alleghany, and the contorted
belt on its west, to disappear, and the mountain chains to as-

sume a more easterly course. From this point southward, in

the region of greatest tension, the fractures are more profound
and numerous. Any residual impulse, unrelieved by the faults,

seems to have been exhausted in producing flexures in the im-
mediate vicinity to the west of the fault, and in raising the
eastern border of the great coal field as a whole, producing a
gentle westerly dip toward the Ohio.

No doubt the great freedom of this area, thus tilted, from
flexures of any magnitude, is due in part to the great develop-
ment of massive sandstones in the lower Vespertine, and in the

conglomerate series in this section, which would produce great

rigidity.

A somewhat detailed explanation of the connection supposed
to exist between the faulted and folded portions of the country,

and the deep trough occupied by the lower strata of Carbon-
iferous age, has been given in the above named " Resources of

West Virginia," in the chapter by Mr. Maury on the " Coal
Field of West Virginia."

The Vespertine strata occurring to the east of the limit men-
tioned at the beginning of this article, are found in detached

belts and patches, mostly of small extent. As might be

expected, from the above account of the structure of the coun-

try, in the northern and middle portions, they occupy usually

the lower parts of synclinal folds, while in the southern portion,

they are confined to the vicinity of faults. In each case they

are more commonly found along the flank, or at the foot of a

mountain, formed by the more resistant lower portion of the

Vespertine, or underlying strata.

The following are the more important of these belts, and the

only ones which I propose to notice, since tbey may be taken

as true representatives of all the areas to be found in the region

1. The belt mentioned above, as occurring on the east flank

of the Alleghany Mountain, near the White Sulphur Springs.

This belt contains the coal strata and plant impressions seen at

Lewis Tunnel. It is especially instructive, since it shows the

strata lyingimmediately above the Chemung, as well as the junc-

tion of these last with the lower portion of the Vespertine. All

the strata here are well exposed in the deep cuttings for the

Chesapeake & Ohio B. R.

This belt extends an unknown distance north of the railroad,
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probably to the northern part of Bath county. To the south,
it terminates near the northeastern border of Monroe county.
It occupies the bottom of a synclinal fold, and possesses but
small width.

2. A much more extended aud important belt, which lies

about thirty miles east of the last. This commences in the
northern part of Virginia, in the western part of Berkeley
county, and extends thence south through the State, with some
minor interruptions. It lies on the west side of the great Lower
Silurian limestone valley, and close to the great fault which
bounds it in that direction. In the northern and middle por-
tions, the coal-bearing member of the Vespertine lies under the
inverted massive sandstones of the lower member, and hence is

found on the west side of the mountains, formed of this massive
portion. In this part of the State, these mountains bear the
names of "Great," and "Little," "North Mountain."

In the southern part of the State, the Vespertine strata are
not inverted, but dip toward the fault. Hence in "Brush
Mountain," the southern continuation of "North Mountain,"
the coal-bearing member lies on the southeastern face of the
mountain. The great number of faults in this section has
caused a small remnant to be caught and preserved, even within
the area of the Silurian strata, as in the remarkable coal field
°f Price's B

: Q Montgomery county
I have been informed that coal has been discovered sti

to the east, within the limestone area, in the north end of Lick
Mountain, in Wythe county. If this is true, it is without doubt
Vespertine coal.

From the fact that all the strata, and the coals as v.„.,
thicken as we go east, it cannot be doubted that the Vespertine
coal field extended considerably farther in that direction than
any remnant now remaining. Leaving out of consideration the
extension of these strata northward, into Pennsylvania, where
they have been shown to contain coal beds, the area of the coal
formation of this age, in Virginia and West Virginia, was by
no means small. Judging only by the exposures which now
remain, the belt of country over which well defined coal beds
were formed, was more than 300 miles long, and fifty miles

I have examined the exposures on the Greenbrier Biver
and at Lewis Tunnel, in the vicinity of the White Sulphui
Springs, as well as those in the western edge of Augusta and

: counties in Vir-iniu, and in Montgomery com
'

' i the remainder of this article, some of the fi



W. M. Fontaine— Vespertine Strata of Virginia. 43

so gradually, that, in subdividing this great mass of sediment,
one is forced to select the dividing flam's smiiewhat arliitrarily,

and to take for his guide, physical changes in the strata. The
most natural horizon, to select as the upper boundary of the

"Lewisburg," or "Lower Carboniferous Limestone." Yet, as
we proceed north into Pennsylvania, this rock is absent This
is also the case in the eastern exposures in Virginia. Along the
Greenbrier River there are certain red beds, underlying the

limestone m question, and resting on the coal-bearing member
of the Vespertine. Professor Wm. B. Rogers, if I understand
his measurements correctly, places these in his Umbral, or No.
XI, as he does the Lower Carboniferous Limestone, here exposed.
There are two objections to this, I think. The physical charac-

ter and composition of these red beds assign them more
naturally to the Vespertine than to the limestone.

Another, and more important objection is, that if the lowest

of these beds be made the base of the Umbral, then the great

limestone formation must be considered as a subordinate mem-
ber of the comparatively restricted Umbral series. For these

reasons, I include the beds in question, in the Vespertine series.

The Umbral series naturally begins at the top of the "Lewis-

burg," or " Lower Carboniferous Limestone," at least in the

The Vespertine Strata on Greenbrier River.

Commencing at the fault above described, which occurs a

little west of Caldwell Station, on the Chesapeake & Ohio R R,
and about six miles west of the White Sulphur, we find on the

east side of the deep channel cut by a small stream, highly con-

torted, aud overturned, strata of the Catskill '.', while on the

western side, and only 100 yards distant, the upper red beds of

the Vespertine are seen dipping at an angle of only three or

four degrees eastward, toward the contorted strata. These

compose the base of the high hill there seen. The middle and

upper portions of this hill are composed of the Lower Carbon-

iferous' limestone, into which the red strata pass gradually, by

several alternations of red marlite and limestone. Passing

west, along tbe railroad, the cuttings show that the red rocks

rise gradually with a steepening easterly dip, until within 100

the first exposure of the coal-bearing or middle mem-
ber of the Vespertine, when they rise suddenly, at an angle

of 45°.

These strata are composed almost entirely of deep red

crumbling marlites. Some insignificant bed

and gray sandstones, occur in r the base of

the limestone, and toward the middle of the series. Some of
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the thin flags at the top of the system show beautiful ripple
marks. Toward the base, as we approach the coal-bearing
member, the marlites are no longer of uniform red color, but
are variegated with green and grayish splotches. The prin-
cipal portion of the red strata much resembles some of the
red shales of the supposed Catskill, which will be described
farther on. The entire thickness is by estimate 250 feet.

This red upper member seems, from the measurements of
Professor Eogers, to thin out to the north. As remarked above
he puts it with the Lewisburg limestone, which is probably the
equivalent of the St. Louis and Chester groups, in his Umbral

In his measurement of the Umbral in Greenbrier Mountain,
near Huntersville in Pocahontas county, he puts fifty feet of
red shales under the limestone. This point is thirty miles north

Still farther north, on the Potomac, near Westernport, Profes-
sor Rogers gives no red beds under the limestone, but shows
that fifteen feet of red shales and sandstone occur about twenty
feet from the base, which is composed of reddish and sandy
gray limestone.

J

In the vicinity of the Greenbrier River, as above mentioned,
the coal-bearing portion of the Vespertine rises boldly from
beneath the red marlites, and forms cliffs of imposing height
near the railroad bridge. These strata, however, £o not attain
a sufficient height to disclose the white sandstones and con-
glomerates, which form the lower member of the Vespertine in
the two Virginias. Across the river they soon come down
with a westerly dip, and disappear under the limestone to
appear no more. This broad anticlinal seems to be the last
important undulation affecting the strata in a westerly direction
for these maintain apparently a westerly dip nearly to the Ohio

In my article on the " Conglomerate series of West Virginia,"
in the numbers of this Journal, for April and Mav,

18/6, I have given some account of the geology of the country
• direction.

The middle member of the Vespertine as disclosed here,
shows at its top, about seventv feet of rather siliceous, bluish
gray sandstones, in thin beds, and of very firm texture. Under
these occur about forty feet of thinly bedded, gray flags, which
show throughout a curious distribution of carbonaceous matter
Fully fifty, pretty persistent, thin strings of carbonaceous

bated over this space, being usual I v net
more than an inch or so thick, but sometimes suddenly swelling
out to the thickness, of nearly a foot No underclays exis?
and all the material was plainly derived from drifted vegeta-
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carbon v

But while this portion of the field set

a of the neighboring area

this point, and near the river, a coal bed exists at this horizon.
At one time attempts were made to work it, but the coal proved
to be too impure, and full of sulphur. It is loeallv about lour

feet thick. This is the coal bed mentioned by Professor
Eogers, as existing on the river near Lewisburg.

Beneath the above mentioned carbonaceous portion, come
120 feet of firm gray, and brownish sandstones, and then forty

feet of very flaggy, gray, soft sandstones and shales, with some
layers of fissile Mack siiale. containing indistinct vegetable im-
pressions, mostly leaves of Lepidodendra. The lowest rock
seen shows about twenty feet of dark gray, compact, fine

grained sandstone, full of specks of pyrites, and containing in

nests and pockets of yellow ochre poorly preserved impressions

of shells. The entire thickness, here shown, of the middle
member, is by estimate about 290 feet.

Professor Bogers shows that fa he Vesper-

tine forms a portion of the mass of the Alleghany Mountains,

this member shows pretty much the same features, but that the

amount of coal is much smaller, since it appears only in occa-

sional thin strings of very small lateral extent

Vespertine Strata near Lewis Tunnel.

Twelve miles east of the last mentioned locality we find the

Vespertine rocks disposed in a narrow belt along the east side

of the Alleghany Mountains. The Chesapeake & Ohio Eailroad

issues from this mountain, on the east side, in a deep cut made
in Chemung strata, which dip about 75° southeast Passing

along the railroad eastward, we enter first the strata intermediate

between the Chemung and Vespertine, which are probably

and after passing through these, see the lowest beds of

the Vespertine, coming next in order. The dip flattens down
rapidly in going east, until in the Vespertine strata it is not

more than 25°.

The Chemung here is much like that of New York. Alter-

nations of flaggy sandstones and shales, weathering olive brown
in color, form the principal portion of the mass. Toward the

top, rather massive, dull gray, and dingy brown sandstones

occur, with some portions containing pebbles as large as a garden

pea. Thin layers, crowded with impressions of shells, occur at

intervals, being found even in the coarse sandstones. The
highest strata showing Chemung fossils, are these coarse sand-
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stones; succeeding them, the rocks show a decided change, and
in this portion, the Catskill beds, if they exist at all here must
be found. The following is a section of them, with the 'thick-
ness estimated in part. (1.) 120 feet of alternations of deep
red marhtes, and thick-bedded, rather argillaceous, reddish-
brown sandstones. The sandstones and marlites are in about
equal proportions. (2.) Seventy feet of dark red marlites, in-

Bhreoos sandstones of very argillaceous char-
acter, and showing balls and nests of brovi
from balls of pyrites. The sandstones when fresh an
brown color, but m weathering, assume yellowish-brown hues,

(3.) For 150 feet the ground is not well
to be occupied by strata like the last, with
ce of the sandstone. In (2), the marlites

) the lower portion next to (1). The; '

bers, possessing a thickness of 340 feet, in which ferrugi-
matter abounds, are in all probability of Catskill age, but

as they, so far as I know, contain no fossils, the question cannot
be answered with certainty. These are succeeded by about 500
feet of flaggy sandstones, with interstratifications of shales, all
when fresh dingy yellow, or brownish gray, but weathering to
a dull brown color. These strata are of still more problemati-
cal age. As however in the eastern exposures, the Vespertine
lower member seems to thicken at their expense, I include them
with it. The j unction of these beds with the lowest undoubted
Vespertine strata, is here concealed by slides, as is partially a
considerable portion of their upper member.
_

Above the highest of these beds we have a decided changem the character of the deposits, and here I place the base of
the Vespertine. This rock is a white, p.-bblv. highly siliceous
sandstone, in the lowest portion seen. Its base m not exposed
here The pebbles are mostly small, but some of them attain
the dimensions of half an inch. The great mass of the rock,
especially the middle and upper portions, is a coarse sandstone
of impure white color, becoming somewhat argillaceous at the
top The thickness seen was about sixty feet. This rock, it

on GreeXfeT rTvI
*"" "^ hwUght UP **^ plaCG examilled

This is one of the most persistent and highly characteristic
members of the Vespertine. Though alv,

glomerate bands and marked by its siliceous ,

shows considerable changes ,n thickness, and the coarseness of
Along the Greenbrier River the conglomerate

portion, when exposed, often shows pebbles an inch
ter. Professor Rogers mentions an exposure near Hunter^villp
where the pebbles are even two .

-mtersv.lle

Next above the sandstone member at Lewis Tunnel, we find
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the middle member as on the Greenbrier River, containing gray-

flags with coal. It is here fully exposed, and is bv estimate
about 350 feet thick.

The base is composed of forty feet of argillaceous, thick-

bedded sandstones of a dull yellowish gray color, succeeded by
twenty feet of firm olive colored sandstones. Some one or two
thin films of coal occur in the first named, associated with black
shale. The second stratum brings us to about the horizon of
the lowest rocks seen on Greenbrier River. The succeeding
Strata bere are in the main much like those west of the White
Sulphur, being mainly gray flags. About fifty feet above the
last mentioned stratum we find a true coal system, showing
underclays with rootlets. The following is a section of it,

beginning at the base:

1. Bluish-black, sandy shales, 5 feet. 8. Fire clay, 12 inches.

2. Fire clay, 5 inches.

3. Coal, 8 inches.

4. Brown, flaggy sandstones, 3 feet.

7. Gray sand t 30 feet.

Slat\ coal, 5-6 inches.

Sandstone, 3 feet.

Black sandy slate, 15 ft.

No. 7 contains films and streaks of coal from floated vegetable

matter. No. 10 is full of Pinnularia rootlets. No. 13 shows
plainly the marks of considerable erosion of the underlying

beds. It is charged with carbonaceous matter, and contains

films and fragments of coal. Indeed there are evident signs

that several of the small coal beds suffered considerably from

erosion, before the deposition of the overlying strata. The
lower part of No. 13, for some four or five feet, contains large

Pigments of No. 1, mixed with others from the under-

lying Devonian brown sandstones. Some of the fragments are

three or four inches in diameter. With the exception of No. 1,

all the black shales of the section seem to be composed of

material derived from the red and brown Devonian strata. On
losing by weathering the carbon to which they owe their black

color, they assume reddish and brown hues.

The coals are really two in number, disposed in an upper

and lower double bed, about thirty feet apart, which accords

well with their distribution throughout the Vespertine coal

field. The material is very impure, slaty and full of sulphur.

Over No. 13 we find about seventy-five feet of firm siliceous,

rather coarse, bluish-gray sandstones, containing fragments of

the lower coal-bearing rocks, with drifted stems and pieces of

coal. Lewis Tunnel is cut in these rocks.

Over this we have twenty feet of gray sandstone of firm

texture, graduating into ten feet of firm thin bedded shales,
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black when fresh, but weathering brown. This last contains
the small coal bed at the entrance to Lewis Tunnel, and has
afforded all the plant impressions found there. The coal is

quite local, and has been found nowhere else so far as I know.
This horizon however, in other places, often yields abundant
plant impressions.

At the top we have some alternations of dark shales, with
olive, and reddish marlites for thirty feet, and finally red
marlites. No limestone was seen above the red marlites. The

- here indicate a quieter deposition of sediment than
that which took place near Greenbrier Eiver, for there the firm
gray flags are succeeded abruptly by the marlites. The upper-
most coal bed here exposed is, at its thickest, about twelve
inches, but soon passes into shale.

We find from the above data that in this section the Vesper-
tine strata may be divided into three members.

1. A lower member, characterized bv siliceous sandstones
and conglomerates. Thickness exposed,"sixty feet. With this
should probably be counted 500 feet of underlying, more
argillaceous flags, giving a total of 560 feet.

2. A middle member, characterized bv the predominance of
gray sandstones containing coal. Thickness, about 850 feet.

3. An upper member, consisting almost entirelv of red
marlites, and having a thickness of about 250 feet. This would
give the entire group a thickness of 1,1(50 feet.

It will be seen that, as the base of the lower member is

ii'."/. ere exposed in this region, sixty feet cannot be taken as
its entire thickness. I am of the opinion that it is considerably
greater. Professor Eogers, in his descriptions of the Vesper-
tine, nowhere gives any descriptive section of the strata, so that
we are left in doubt as to what stratum he assumes as its base.
It is plain that he does not include the red overlying strata in
it

;
this makes it difficult to use his measurements" as a basis

for comparison. He gives the thickness on the Potomac near
Westernport, as only 200 feet, while near Lewisburg he says it

has increased to 800 feet. This seems in any events.
the fact of a considerable thickening to the south.

[To be continued.]
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.RT. VII.— Oh the produclion of Tramparen I Metallic Films by
the Electrical Discharge in exhausted tribes ; by Arthur W.
Wright, Professor of Molecular Physics and Chemistry,
Yale College.

The spectra of gases contained in vacuum-tubes, which have
been prepared by the use of the mercury pump, usually exhibit
lines caused by the presence of the vapor or this metal. In
some cases this is no disadvantage, since they serve as conven-
ient reference points in fixing the position of the other lines or
bands observed. As the mercury vapor is naturally an excel-

lent conductor of electricity, however, there is often reason to

suspect that its presence may affect the character of the discharge

somewhat, and its removal becomes desirable. In some recent

experiments by the writer this end was obtained by placing in

each tube a lew pieces of clean gold foil loosely rolled into

small pellets. As this metal is readily amalgamated it will,

after a time, take up the mercury vapor, causing the disap-

pearance of its characteristic lines from the spectrum. A still

better method is to wrap a small piece of the foil about the

end of the electrode, or to attach to it a short gold wire. The
gold will be volatilized and deposited upon the walls of the

tube in a very thin layer, thus exposing a much larger surface

to the action of the mercurv vapor, in the manner described

below.

In some of these experiments the tube under examination

was so placed that the gold lay at the bottom of the upper
portion, at the point where the 'capillary part is attached. In

this position it was exposed to the action of the more intense

discharge through the narrow part, and after a time it was
found that a lustrous and coherent film was deposited upon the

glass, the gold having evidently been volatilized by the elec-

tricity and condensed upon the walls of the fcube. In order to

study more conveniently the coa h the best

effects might be produced, a loose roll of the foil was placed in

the middle of a tube about five millimeters in caliber, having a

branch near one end for the purpose of withdrawing the air,

and with pi. .sorted into the en. Is. This was

exhausted until a discbarge from an induction coil passed read-

ily, when it was found that the gold was speedily deposited

upon the tube as be; - the foil along, a con-

is area was cov ered with it in a short time. It appeared,

even under the microscope, as a perfectly continuous film,

forming a brilliant mirror, and showing the characteristic green

Am. Joub. Sci.-Third Sri -Jab., 1877.
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color by transmitted light very beautifully. "When the tube
was afterwards rather strongly heated the gold lost its mirror-
likv surface in the thinner parts, assuming a frosted appearance,
and the light passed through it had a fine ruby color, conform-
ing in this to what was observed by Faraday in his experiments
on the relation of metals to light.*' A singularity in the result
was the fact that the volatilization occurred only' at that end of
the foil which was made a negative pole. This was observed
to be the case in all the subsequent experiments, except that
in one or two instances where a powerful discharge had been

ed for a considerable time a very slight deposit was
observed at the positive end also.

As the matter appeared to be of interest with respect to its

furnishing a uew method of producing transparent metallic films,
the investigation was extended to a considerable number of
metals. Various forms of tubes were employed in successive
trials, but the method found most advantageous was the fol-

lowing: clean tubes of white glass, about "fifteen centimeters
in length, and with a caliber of from four to six millimeters,
were provided in the middle with a small branch tube for
attachment to the pump. In the ends were placed the elec-
trodes formed of the metals to be examined. These were gen-
erally in the form of thin wires from one-fourth to one-half a
millimeter in thickness. About one centimeter of this was
enclosed in a thin glass tube about three centimeters long,
drawn out of the same piece as the main tube, and made so
fine at the end as just to receive the wire. A platinum wire
was placed in the other end, so as to touch the first wire, and
sealed in. This was then carefully sealed into the end of the
main tube, the electrode being in its axis, and the platinum
wire projecting. It was necessary to cover the latter thus in the
interior to prevent its giving a deposit upon the tube with the
metal under examination. The tube was now exhausted to a
tension of one or two millimeters, or so far that, when the
discharge from the induction coil was passed through it, the
glow surrounding the negative pole filled the tube along the
whole extent of the electrode. After the coil had been put in
operation for a few minutes a deposit was formed upon the
glass, appearing at first as a mere darkening or discoloration,
which, gradually becoming deeper, finally began to show metallic
luster, while still suffering the light to pass freely. In almost
all cases it covered the whole area of the glass opposite the
electrode, but did not extend much beyond it After the film
was sufficiently developed the small branch was closed with a
gas flame, the tube drawn off, and sealed.

* Experimental Researches in Chemistry and Physics.
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For metals readily oxidized it was necessary to fill the tubes

with some gas which would not act upon the deposit formed, as

otherwise it was impossible to obtain good results. In these

cases the air was first thoroughly removed, the tube filled with

pure dry hydrogen, and then exhausted. In a few cases the

tubes were refilled with hydrogen several times to ensure the

complete removal of the oxygen. The perfection of the film

was found to depend also in some measure upon the steads ess

of the electrical action, and the proper regulation of the power
of the current used. When the Holtz machine was employed

as a source of electricity no effect was obtained without con-

densers, and with them the discharge, at least with the tension

of gas used, did not occur in such a manner as to yield good

results. The trifling deposit obtained in this way was opposite

the positive electrode. Possibly by exhausting the tubes so as

to reach a much lower tension tile electro-machine might be

made available, but the induction coil is both eificient and con-

With a gold wire one-third of a millimeter in diameter and

four centimeters long, an exquisitely beautiful deposit was

formed over a space a little longer than the wire. The first

noticeable effect was a slight discoloration of the tube by the

deposited metal, while it was still too thin to show the metallic

luster by reflected light The tint was pinkish, inclining to

violet, resembling that at the more refrangible end of the spec-

trum. As the film increased, the tint passed through blue,

bluish-green, and finally, when of sufficient thickness, it ap-

peared a clear, brilliant green, slightly inclining to bluish-

green. Bv reflected light the film has a splendid luster, and

l 'Men color. It thins out gradually at the M

'

and becomes imperceptible at a point five or six millimeters

from the end of the wire, with the same gradation of tints as

was ol .served in its formation. The metallic reflection fades

out in a similar manner, but ceases before the coloration.

With -: ; iie same dimensions, the coating

upon the tube was sea, and perfect. The full

1 wd r was developed gradually, and the light transmitted by the

completed film is a pure, deep blue. Copper gives a^fine lus-

trous mirror, appearing dull gre<: ^- " »

vol ti „vd with more difficulty than the preceding metals.

Bismuth on the other hand is obtained in a thin film with ex-

treme ease, a battery of three small Grove cells with a coil

giving a half inch spark producing the desired result in two or

three minute* The film is very transparent, and has a color

such as would be produced by mixing a clear blue with a pure

grav or neutral tint. The metallic layer is remarkably uniform

and of great beauty, possessing a brilliant luster by reflected

light.
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Platinum is volatilized with comparative ease, especially in

familiar occurrence, as few of the common vacuum tubes which
have been subjected to the action of the induction coil for a
long time fail to show the effect. In a small tube the layer is

vtM •-.- bright, and is easily made thick enough to be quite opaque.
When sufficiently thin, it transmits light of a gray coir,., with
a slight bluish tinge. Palladium also is deposited in a thin
layer withoi, appears of a smoky brown color
by transmitted light. Lead forms a very even film, with the
characteristic color of the metal, though it has but a compara-
tively feeble luster. Tt has a high degree of transparency,— Tolor, inclining to an olive tint

fi of the oxygen and vapor
ui wBMre is necessary w> uie successful formation and preser-
vation of the film, as when exposed to the air or moisture it is

destroyed by oxidation in a very few minutes.
Zinc and cadmium yielded brilliant mirrors, with a white,

silvorv luster. and appearing d.-ep grayish-blue by transmitted
light, with a barely noticeable inclination to purple. It is less
deep in tint than the light passed through silver, but deeper
than that from bismuth. There was no perceptible difference
between the two metals, unless it were a slightlv greater intens-
ity of the coloration in the case of the zinc.

Aluminum was volatilized with considerable difficulty, re-

• e or six cells and a powerful coil. It formed a
ke film, which by transmitted light had a brownish

color, but the result was hot entirely satisfactory. Magnesium
yiel led even less readily, and showed no effect at all when tried
with the means which had given good results in the other cases.
It was necessary to reduce the electrode to a very fine wire and
this was enclosed in a tube of only 35 millimeters caliber. The
larger coil was used, and the power of the battery gradually
it> ' a.-ed to six Grove cells. Not the slightest effect was pro-
duced when a smaller number was employed, but after the ap-
p] tion of this power for a few minutes, the electrode was sud-
denly surrounded by a burst of green light, and the deposit was
formed almost instantly upon the glass. It had a brilliant lus-
ter, and when the light was seen through it, a grayish-blue color

that of zinc or cadmium, but less clear.
Tin did not give very satisfactory results, as when the elec-

trode was made small enough for the purpose it was difficult to
avoid fusing it. The film when obtained was not as fine as
th oe e {.rod need with the other metals mentioned, but had in some
parts a sdvery metallic luster, and was sufficient to show that
when seen by transmitted light the metal appears of a brownish
gray or sepia tint

.
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Interesting results were obtained with iron, which gave a
very beautiful and perfect film, having a brilliant: luster, aad
high degree of transparency. The light transmitted by it is

very nearly of a pure neutral tint, though with a faint tinge of
brownish. The electrode was a wire 03 millimeter in diameter.
This was carefully cleaned, and the tube filled with dry hy-
drogen three times before the final exhaustion. Without this

precaution it is impossible to obtain reliable results, as the
metal is partialis oxidized, and the film not only stained, but
its color by transmitted light changed to brown, or even to

deep orange-yellow. This was the color exhibited by the film

obtained in the first trial, in which the tube was filled with air.

Externally it exhibited a vivid iridescence, in various colors,

but at the extremities of the deposit the metal had its proper

luster. Subsequent trials in which the tube was once filled

with hydrogen gave better results, but the yellow tint and the

iridescence did not disappear until the thorough removal of the

oxygen and moisture, as described.

For those metals which are not readily obtained in the form
of thin wires, a modification of the process was employed, as

follows: a tube open upon one side was made by softening the

end of a glass tube in a gas flame and drawing out one edge

with another piece of glass. A trough was thus formed, at

first shallow but growing deeper and deeper as the whole edge

began to be drawn upon, and by properly adjusting the heat

it could be made as fine as desired. A tube of this

kind from half a millimeter to a millimeter in diameter with a

platinum wire inserted in the closed end, and with the open

end evenly and firmly packed with filings or powder of the

substance to be examined formed the electrode, which was

used in the ordinary way.

Nickel and cobalt we're experimented upon by this method,

and films obtained, but as the removal of the oxygen was not

complete they were less perfect than those produced

iron, the other metals, though sufficient to show that the color

by transmitted light is gray or brownish gray. Tellurium

employed in the same way afforded a very brilliant layer, which

gave to the light seen through it a dull purple color.

At the suggestion of Prof. Dana an experiment was made
with macnetie oxide of iron, native magnetite in pow

employed with one of the small troughs. It was volatilized

with difficulty, but apparently without decomposition, and

formed a somewhat lustrous film, appearing gray-brown by

transmitted light The result is of interest with reference to

the occurrence of thin, somewhat transparent layers of this

substance ii here it has the same color as that

a this experiment
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In Faraday's experiments deposits of several different metals

upon plates of glass or other materials were obtained by passing

the spark from a Leyden battery between the points of wires

near the plates in an atmosphere of hydrogen. Films so ob-

tained are more or less irregular, and he describes them as

apparently not entirely continuous. Those formed by the

method ht.it deseril I however, are generally very uniform
and coherent, and even under the microscope appear to be per-

fectly continuous. For a study of the optical properties of the

metals they can be formed upon narrow slips of plane glass

introduced into the tubes by the side of the electrode. Simple
a Nicol's prism shows that these

films, at least in the case of gold, silver, iron, zinc and cadmi-

um, which have been tried by the writer, polarize the light

tii smitti 1 \ in , 1 1

\
, and the degree of polarization

appears to increase with the incident angle as far as observa-

tion can be conveniently carried, which implies a very high

refractive index. It might be expected that the lighi should

be elliptical! . is point was not determined, and
the optical properties of the films remain for further study.

With respect to the relative energy of electrical action neces-

sary to volatilize the different metals the observations were
hardly precise enough to warrant the statement of a definite

law. Bismuth was volatilized most readily of all, gold and
silver with but slightly less facility. Platinum, palladium,

lead, tin, zinc and cadmium yield less readily, while copper,

froo, niol -charge and
are volatilized with some difficulty. Aluminum requires an
energetic electrical action exerted for a long time, and the

electrode must be a quite fine wire. Magnesium is acted upon
still less readily, and is by far the most difficult, of all the

metals tried, to be obtained in the state of a thin layer. £
cess was attained by the use of an energetic battery of fiv(

six Grove cells, with a coil capable of giving two-inch spai

the electrode being a wire cut from a thin ribbon of the metal
and not more than one-fifth of a millimeter in thickne

Even then no effect was produced till this was enclosed ii

very narrow tube by which the electrical action was cone
trated. The electrode itself appeared bright green, showi
that the discharge did act upon the metal, forming a tl

envelope of vapor about it, which did not reach the glass Ik

ever until the power of the current was increased and the size

of the tube considerably diminished. It will be seen that the

heavy metals, that is, those with high atomic weights, are most
readily volatilized, while those with smaller atomic weights
oppose great resistance to the electrical action, and those wish
medium weights occupy an intermediate position; but the
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fusibility, tenacity, and electrical conductivity also appear to
exert some influence as to the place of the different metals in

the list.

It may be observed also that where it is desirable to avoid
discoloration of vacuum-tubes by the metallic deposit, this can
be effected by making the electrode within the tube of alum-
inum or magnesium, the interior portion of the platinum wire
which passes through the glass being itself covered with a
small glass tube. Of the two metals magnesium is the best, as
a wire hall a millimeter in diameter would not be at all affected

by discharges of the intensity ordinarily used with vacuum-
tubes, nor would it be so easily fused or rendered red hot as a
wire of platinum. Of course these metals could only be used
with gases which would have no chemical action upon them.

Yale College, December 13, 1876.

SCIENTIFIC INTELLIGENCE.
I. Chemistry and Physics.

1. On the so-called Crystallized Boron.—Haupe has prepared

and submitted to careful examination both .( the forms of the

so-called crystallized boron, the black and the yellow, and finds

that neither is pure boron, both beintr coin pounds of this substance.

For the preparation of the black variety, 200 to 400 grams of

fused coarsely pulverized boric acid was placed in an English clay

crucible, a piece of aluminum weighing 100 to 200 grams was
laid upon it and cover* the cover of

the crucible was luted on with clay. The whole was enclose! in

a Hessian crucible, the space between the two being filled with

quartz sand. The secret of the production of the black crystals

consists in the absence of carbon in the crucible. The fusion

was effected in a melting furnace, the fuel used being coke, and

the time of heating three hours. By closing the draft almost

completely, the cooling took place very slowly, requiring from

12 to 18 hours; the en - in -iz>' proportionally.

On breaking the inner '.vor of the

fused mass -ted of aluminum borate. Within

this was a thin dense very hard la. . in. h un-

rounded the resulus. The free - as well as

the cavities in it were covered w;> u-k crystals,

which were obtained on solution of the aluminum, accompanied

bv red hexagonal plates of the aln

chocolate-brown crystals of silicon. The yield was small, only

2-5 to 3 cr tnriaum, one

gram of which proved completely pure. Various other methods

of preparation were trii - l<*a in every case.

The crystals are monoclinic prisms, have a brilliant metallic luster,
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are black in thick but dark red in thin layers, become blued like
steel when heated in the air though not con,
in a stream of oxygen. Their hardness is between 9 an
density 2-5345. Concentrated hot nitric and dusohts them
slowly, fused potash and lead chromate rapidly On analysis
they yielded 17-30 per cent of aluminum and 82-70 per cent of
boron corresponding to the formula A1B, .. The yellow quadratic
crystals were obtained by effecting the fusion in carbon crucibles

;one melting, which was on a large scale, yielding 5-528 orams
pure crystals, on some of which the octahedral edges were I mm
long. They are honey-yellow in color, very brittle, harder than
corundum and nearly as „ 111(j an(j nave a density
of 2615. On analysis they gave as a m.

.

iron 0-24, copper 0-04, carbon !VIlee )
82-81:'

corresponding to the formula C,A1
3
B 4 8

. All attempts to prepare
pure boron crystallized were fruitless.

' The author is now exam-
ining the so-called amorphous boron in this direct inn. _/,;, i.;,,-8
Annalen, clxxxiii, 75, Oct., 1876. G p b

2. On the Constitution of the Phosphates.—Berthelot and
Lottguinine have made a thermic research ..,, ,.1,.....;,. „ i,- . ,-i . 1

with a view to determine its hasiritv. Thev studied the heat-
changes characterizing the union of this acid with two widely
different bases, ammonia and baryta, and those produced by
water and by various acids of different energy upon the three
classes of phosphates. To these, they added alkalimetrical
evidence. The conclusion which they reach is that the three
equivalents of base, successively united to phosphoric
thus united with very ;ilent b

'

ei
comparable to that of the nitrates or alkali chlorides, the second
to that of the carbonates and bor

I to that of
the alkali alcoholates. When for example, phosphoric acid and
soda unite, the union of the first equivalent of the base evolves
14-, calories, the second 11-6 calories and ti

while in the case of a true tribasic
heat is constant for each equivalent, being in this case 12-7

se of ammonia, no heat at all is evolved on
adding the third equivalent, and hence no triammonium phosphate
exists In view of the results obtained, the authors say that
phosphoric acid cannot be a tribasic acid, at least in tin" --,„„
sense as citric acid, the third equi

, separated
even by dilution; nor can it be
oxalic or tartaric acid, since the second equivalent of base is not

i by the acid and is em; hydrochloric
and nitric a. m • .ally by acetic. Hence they regard
it as an exam

,
;
1(

. |MD>
istry are called monobasic acids with a mixed function.—Ann.
lh,m. /%«., V, ix, 33, Sept., 1876. ,, F B

,
3

-
°nthe ' '/ " id Carbon Dioxide—-Hartley

has made further examinations of the liquid enclosures in mineralsand has determined with care the critical poi temperatu
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for a large number of those composed of liquid carbon dioxide.
Curiously enough this point was found to vary considerably : In
topaz, in three specimens, the critical point wasVxV , 2GT.° to 2S°,
and-.'7-.V toL'7-(i C. ; in two specimens of tourmaline, from America,
it was 27-27° and 26-9°; in five quartz specimens, it was 30-95°,
30-95°, 32-5°, 33-7° and 29°; in a beryl from Lurat, it was .jo'..2°;

in three oriental sapphires, 30-5° to 31°, 25-5° to 20°, and 29-5°.

The author explains this lowering of the critical point bv the tact

observed by Andrews that this effect is produced by the' presence
of an incondensable gas, perhaps nitrogen. The raising of the
critical point appears to him to be due to hydrochloric acid gas.

The facts observed seem to the author to have a bearing on 'the

question of the formation of some of these minerals, and he sug-
gests that corundum may have been formed by the action of
aluminum chloride or fluoride upon calcium carbonate, producing
alumina and carbon dioxide; the latter being condensed, would
form cavities in the alumina crvstals and would liquefy on cooling.
If the reaction were dry, the cavity would contain only the diox-
ide: but if moisture were present, it would contain water also.

With reference to the diamond, he suggests that it may have
been formed by the action of reducing agents upon very highly
compressed carbon dioxide at temperatures above its critical point.—J. Chem. Soc, xxx, 237, Sept., 1876. a. f. b.

4. On the Spectra of Indium.—Clayden and Heycock while

observing the spark spectra of the metals, in the Cavendish Lab-
oratory, Cambridge, noticed that instead of the three lines which
are ordinarily supposed to constitute the spectrum of indium, the

spark spectrum Veallv contained sixteen. The wave-lengths of
the three lines are given by Thalen as 45:*2. 4oo:i and 4 lei tenth-

meters. The second and third only of these lines are visible in

the spark-spectrum. The wave-lengths of the sixteen lines the

authors give as follows: 6906, 6193, 6114, 6095, 5922, 5905, 5862,

5820,5722,50 44. 5250. 40-0, 4050. 4G:i\ 4510, and 4K 1 tenth-

meters. The first of these lines is remarkable for its low refrangi-

bility, only potassium, strontium and antimony giving lower ones.

The wavelengths were not measured directly apparently, but
obtained bv interpolation from th seal of tin our-prism s| etro-

- p wit I "v hi h the measurements were made.—Phil. May., V,
ii. 387, Nov., 1876. «• F

- B-

5. On the Preparation of Hydroquinone.—Wkselskt and
Schuler have discovered a new and comparatively simple

method of
|

mm phenol of the ortho or 1 :2

series, hydroquinone. If nitrous acid vapors be conducted into

a cooled etherial solution of phenol, the mass is filled in a short
- oived in

,

'

1 on, .f acid and two of water) mixed with

; 1 ether added, becomes sulphate which by pr

non-volatile mononitrophenol of fusing point 110°. If now an



of the above salts, preferably the sul-

15 per cent of concentrated sulphuric

lor changes to a dark red, and, afterward
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aqueous solution of
phate, eo

acid, be boiled till il

be extracted with ether, the ether leaves on evaporation crystal-

line masses which on sublimation give colorless needles, which
dissolved with water and treated with ferric chloride, yielded

magnificent green needles having a metallic luster. This sub-

stance is hydroquinone and the yield is 46-2 per cent, the theo-

retical being 50.—Ber. Berl. Chetn. Ges., ix, 1159, Sept., 1876.

6. On G'i ns.—Sonnkhschkin has examined
the root of the wild jasmine and has isolated its alkaloid, gelse-

mine, to which he gives the formula C
,

, H
t 9N0 2 . The substance

called by Wormlev gelseminic acid, he finds to be esculin.

—

Ber.

Berl. Chem. Ges.,\x, 1182, Sept, 1876. a. f. b.

7. Kurae ',ung zu den aromatischen Nitro-ver-
!,;,,.h, ,,,,,>,, von I'ku.u TowNSK.vn Austen. Pamphlet, 43 pages.

Leipzig: Winter, 1876.—This little work possesses a peculiar

interim!, as ir i- the attempt of an American to produce a compre-
hensive treatise in a foreign language and country. The manner
in which Dr. Austen has treated this class of organic compounds
differs greatly from the general style of monographs, and is cer-

tainly practical and original. The work is intended to afford all

96 working on researches involving the nitre-

is such that the facts sought for

can readily be found. The style of the book is clear and remark-

There is no doubt but that similar treatises on various other

groups of organic compounds, such as the hydroxyl, amids, and
many others, would enormously facilitate the labors of chemists

engaged on original research.

The book is dedicated to Prof. A. W. Hofmann, of Berlin.

8. Mariotte's Zaw.—Proi. Mexdeleeff, at the Warsaw meet-

ing of Russian naturalists, described the results of researches he

has pursued during 1 875 and 1876, for the verification of Mariotte's

law. His former researches had proved that the decrease of vol-

ume of the permanent gases proceeds at a slower rate than the

increase of pressure exerted on them, if the pressure is less or

much greater than the mean pressure of the atmosphere. The
experiments of Regnault, made with air, nitrogen, etc., at pres-

sures higher than that of the atmosphere proved, however, di-

rectly the contrary, and a series of measurements undertaken some
years ago by I'iof. Mend. 'lea-it* to verify those of Regnault, gave
the same results. Suspectiiii: that there might be some cause of

error affecting in the same way both series of experiments, Prof.

Mendi paratua elim-

inating all possible causes of errors and allowing the most perfect

accuracy of measurements. With these they made a new series

of r - -arches, at pressures varying from 700 to 2,200 millimeters.

These researches confirmed again the conclusions of Regnault,
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showing only numerical differences in the values obtained, and
proving, for instance, for the air, that its deviations from Mariotte's
law are even less than appeared before. But the most important
results of the researches is that the divergences from Mariotte's
law shown by the air being negative at pressure above the mean
atmosphere, as was observed by Regnault, proved to be positive
(decrease of volume slower than the increase of pressure) at pres-
sures below it. We must then conclude that the air experiences
a change of compressibility at a certain pressure above the mean
of that of the atmosphere; and this conclusion is supported by the
circumstance that such a change was noticed also in the carbonic
and sulphurous acid gases, but at pressures far lower than is the
case for air. Only for hydrogen the divergence is of the positive

kind at all pressures. Alto-ether we must conclude that the de-
viations from Mariotte's law are far more complicated than has
been suspected.

—

Nature, xv, 70. e. c. p.

9. Physical Properties of (rallimii.—'M. Lecoq de Boisbap-
drajj has iv. ,, gram of pure gallium.
In the liquid state this metal is of a beautiful silvery whiteness;
but in crystallizing it assumes a very pronounced bluish tinge,

and its luster notably diminishes. Isolated crystals may be ob-

tained which are based octahedra. The melting point was found
to be 30°-15, which was unaltered after remaining for two hours
in boiling water. It was therefore eertainlv free from potassium.

It was next kept for half an hour in nitric acid diluted with its

volume of water. The loss amount m of a mil-

ligram, and the point of fusion remained unaltered. The calcu-

lation of M. Mendeleeff for a hypothetic substance which seems
to correspond tst in several of its properties, con-

ducted to the number 5-9. The first measurement with 6 centi-

grams gave a density of 4-7 at 15°. Later observations gave
the higher results of 5-5 to 6-2. Finally, a measurement with 58

centigrams gave, in two experiments, 5"90 and 5-97. The same
gallium was afterward- home between 60° and
70° in nitric - . olume of water, v. ashed, pretty

strongly, heated, ami. air. Its density at

24°-45 was then 5-956.— Comptes Bendus, lxxxiii, 61 1, Phil. Mag.,
ii, 398. e. c. p.

10. Plasticity of Ice.—Prof. Bianconi, of Bologna, in 1871,

published some experiments on the bending and torsion of bars

and planks of ice (Mem. Acad, of Bol«y»o. 3d ser., vol. i.) These

show that ice may undergo slow about any
crushing or regelation, and that n ittleness it

possesses a slight degree of plasticity. Now Prof. Bianconi gives

the results of further experiments on ice, much like those of Heim,
or, yet more, those of Mr. Tree - "f metals.

Granite pebl BW slowly pressed into ice at the
"— e temperatures, and not only do they penetrate into it as they
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form around it a rising fringe. Moreover, when a flat piece of
iron is pressed into the ice, the fringe rising around it expands lat-

erally upon the borders of the piece, and tends thus, as in fluids,
to fill up the cavity made by the body driven in. These experi-
ments tend thus greatly to "illustrate the plasticity of ice; but it

would be very desirable that Mr. Bianconi if he continues his
researches, should accompany them by some measurements (as
has already been done by Mr. Heim), in order to obtain numeri-
cal values of the plasticity of ice under various circumstances.—
Nature, xv, 69; Jour, de Phys., v, 317. e. c. p.

11. Velocity of Electricity.—-Dr. Sabine has devised a method
of measuring the contour of electric waves p
graph lines. It is probable that in this se
may be said to have a velocity. The early
time elapsing between starting "electricity hit

ductor and receiving it at the other end, ga-
tory results. This interval would depend on the electromotive
tone employed, the resistance and capacity of the conductor, and
the M-nsitn eness of the receiving instrument. It would therefore
by no means be proportionate to the length. By the following
method the electrical condition of any point of the line may be
examined quantitatively at intervals of -001 of a second or* less

ting the electric impulse. It thus becomes possible to
measure the form and speed of a wave. Suppose one end A of a
conductor A B is placed to earth, and that the other B is con-
nected with one pole of a battery whose second pole is put to
earth. Then any point of the conductor as C will assume a po-
tential which will be proportional to the resistance of A i

'. This
potential may be measured by com jtant with I

condenser or accumulator, and then discharging the latter through
a delicate galvanometer. When the circuitIs first closed a minute
interval of time is required before C will attain its full poten-
tial measurements made of the relation of these quantities show
the form of the electric wave passing the point C. The only me-
chanical difficulty is to construct a chronograph which will allow
C to be connected with the condenser, a small but accurately
determined time after A is connected with the battery. A heavy
wheel of brass is set in motion by a steel spring so that it sbsB
revolve exactly twice a second. The interval through which the
spring acts being always the same, a nearly constant velocity is

parted. The disc is divided into 500 equal parts. A
movable index serves to regulate the angle through which the

- between the two connection* to be recorded. The time
ot revolution of the disk was first determined by noting the fig-

ures read in succession under the film of a small* telescope, « hen
the disk was illuminated by half-second flashes of an induction
coil. The force of the spring and the position of the trigger re-
leasing it were adjtwte relocity was obtained.
Recently a condenser was discharged through a known resistance
for some interval indicated by the disk, and the time calculated



according to the leakage formula, from the initial and final read-
ings of the galvanometer. If the two do not agree, the spring is

altered until they do; but its action is found to be very constant
and not to need alteration, except after taking the apparatus to
pieces for alteration. Several series of experiments are given, and
the results show the delicacy and accuracy of the method.—Phil.
Mag., ii, p. 321. e. c. p.

12. Chemistry and Physics in America. Address /»/'"'<' ' /"'

American Chemical Society at its session on the ItioV <>;' last

November, by Prof. John W. Draper, its President.—The fol-

lowing is the latter half of the able address ,,(' Prof Draper, the

whole of which would here be cited if space allowed. " In our
own special science, chemistry, all that has been done has only
served to extend the boundary of what remains. The thousands
of analyses that have been made have brought us into a wilderness
of results. We have not been able to rise to a point of view .suf-

ficiently high to discover what is the true place of those results in

nature. YVe trv to represent on the paces of our books and on
blackboards formulas of the constitution of things, conscious all

the time that these are at the best only convenient fictions, which
must necessarily change as we gain a more perfect insight into

that grandest of all pi. -i >,, of Force in Spare,

and the variations to which it is liable The geometry of chemis-
try is that of three dimensions, not of two. We have to consider

toe relation of points not situated on one plane, and hence it is

necessary to employ three axes of reference; nay, even more, we
cannot avoid the conception of the mathematical* method of qua-

ternions. Our inadequate information respecting the real group-
ing of atoms is followed as a necessary consequence by imperfec-

tion in our methods of nomenclature, the confusion in this respect

becoming, as we all too well know, every day worse and worse.

And now while we have accomplished only a most imperfect

examination of objects that we find on the earth, see how, on a

sudden, through the vista that has been opened by the spectro-

scope, what a prospect lies beyond us in the heavens ! I often

look at the bright yellow ray emitted from the chromosphere of

the sun, by that unknown element, Helium, as the astronomers

have ventured to call it. It seems trembling with excitement to

tell its story, and how many unseeu companions it has. And if

this be the case with the sun, what shall we say of the magnifi-

cent hosts of the stars ? May not every one of them have Rp i ial

elements of its own -
i

d laboratory in itself?

Lo k it tin .1 !-•< is in the sword-handle of Perseus ; in Cassiopeia,

a universe of stars on a ground of star dust ; in Hercules, of

which as astronomers say, no one can look at for the first time

through a great telescope without a shout of wonder—the most

superb spectacle that the eye of man can witness ! Look at the

double stars of which so many are now known, emitting their

_ rays, garnet, or ruby. ire. Each
is in accordance with its own special physical conditions, though

all are under the same universal ordinance.
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Now here a fact of surpassing importance presses itself on our
attention. The movements taking place in those distant bodies
are taking place inich Ht prevail here on earth,
and » our solar system. The law of gravitation, as developed
by Newton, bears sway in all those distant worlds. In them
bodies attract each other with forces directlv as their masses and
inversely as the squares of their distances. There the laws of the
emission, absorption, and transmission of light are the same as
they are with us. There ignited hydrogen gives forth its three
rays, the same rays that it gives forth to us. In the uttermost
parts of the universe the law of definite combination, the numeri-
cal law, and the multiple law, stand good. Sodium absorbs its
two waves v, and iron o-ives in the spectra
its more than a hundred lines, more than a hundred silent but
convincing witnesses of the uniformity of the constitution of the
universe. There the number of vibrations that constitute a **!
of definite refrangibility is the same we have found it to be r

In the enormous heat of those central suns the dissociatio
molecules may be of a higher order than we can reach artifick.v ,

but the law under which it takes pi ;l(
.e ; s a continuation of the

law here. There, though the weight of a given mass of matt*
different from what it is with us, it is nevertheless determined
the law that determines here—the law of gravitation. There
energy is indestructible, and is measured as it is measured among
us, by work. Then is there any boundary that we can assign to
natural law—is it not omnipresent, universal ?

Perhaps there is no exaggeration in the assertion—for there
seems abundant proof of its truth—that the light by which we
see some of those distant orbs has crossed through such a pro-
digious space that millions of years have transpired daring the
journey. Then the phenomena it brings to us are those that were
engendered in the beginning of the vast time so passed. What-
ever there is that is in harmony with facts now happening here, is

to us an unimpeachable evidence that the laws which were govern-
ing in those old ages have undergone no depreciation, but are
active as ever until now. Then shall I exaggerate if I say that
these laws are eternal in duration ?

Infinite in influence, eternal in duration, what a magnificent
spectacle? In the resistless energy of the motions of the uni-
verse is there not omnipotence ? The Omnipotent, the Infinite,
the Eternal, to what do these attributes belong ? Shall a man
who stands forth to vindicate the majesty of such laws be blama-
ble in your sight ? Rather shall you not with him be over-
whelmed with a conception so stupendous? And yet let us not
forget that these eternal laws of nature are only the passing
thoughts of God.

y P 8

But grand as this is, there is something still grander. There is
another temple into which we have to pass, not rhar of the •> i-i'lo
but that of the invisible. We must persist in the invasion we
have made, in the revolution we have brought about in Physiol-



which preside in the ner-

ture of the principle that
animates it. Is there not something profoundly impressive in this,

that the human mind can look from without" upon itself, as one
looks at his phantom image in a mirror, and discern its own linea-

ments and admire its own movements. My own thoughts have
of late years been forcibly drawn to this, from a recognition that

the interpretation by the mind of impressions from without takes
place under mathematical laws, as for instance, that when exter-

nal ethereal vibrations create in the mind a certain idea, that

same idea will arise when the vibrations are doubled, or tripled,

or quadrupled in frequency; but other ideas will be engendered
by vibrations of an intermediate rate. Yet what these ideas will

be may be predicted. It is true that this is only an optical case,

but it extends the view that has been offered to us by a study of
the structure of the ear. In the labyrinthine compartment of that

organ the ultimate fibers of the auditory nerve are laid on the
win. line- plane of the spiral lamina, in ever-decreasing lengths,

each capable of trembling to the sound which is in unison with it

—a mechanical action truly, answering to the sympathetic vibra-

tion with which the strings of a piano will respond to the corre-

sponding notes of a flute—and these are translated by the mind
into all the utterances of articulate speech, all the harmonies of

music— speech that engenders new ideas within us, strains which,

though they may die away in the air, live forever in the memory.
The exquisite delight we experience in listening to the works of

our great composers arises thus in mechanical movements, which
are the issue of mathematical combinations. The unseen world is

under the influence of number

!

But what is number except there be one who numbers ? When
Pompey, in his Syrian war, broke into the holy of holies at

Jerusalem, he expressed, as Tacitus tells us, his astonishment that

there was no image of a Divinity within; the shrine was silent

and empty. And so, though after death we may anatomize and
explore the inmost recesses of the braid, the rafted Genius that

once presided there lr - not left so much as a

phantom trace, a shadow of himself.

The experiments of Galvani and Volta have not yet reached

their conclusion; those of Faraday and Du Bois Beymond have
only yielded a preliminary suggestion as to the nervous force.

Excepting the great sympathetic nerve, the nervous fibers them-

selves are, as is well-known, of two classes-those that gather the

impressions of external things and convey them to the nerve-cen-

ters, and tl. the will from within

outwardly. The capabilities of one of the former—the apparatus

for sight—have been greatly improved by various optical con-

trivances, such as microscopes and telescopes, an earnest of what
may hereafter be done as respects the four other special organs of

sense; and m "<--. the result of mental ope-

rations, the resolves of the will, may be transmitted with greater



velocity than even in the living system itself, and that across vast
terrestrial distances, or even beneath the sea. Telegraphic wires
are, strictly speaking, continuations of the centrifugal nerves, and
we are not without reason for believing that it is the same influ-

ence which is active in both cases.

_
In a scientific point of view, such improvements in the capabil-

ities of the organs for receiving external impressions, such exten-
sions to the distances to which the results of intellectual acts and
the dictates of the will may be conveyed, constitute a true devel-
opment, an evolution, none the less real though it may be of an

kind. If we reflect carefully on these things, bearing in

mind what is now known of the course of development in the ani-

mal series, we shall not fail to remark what a singular interest
gathers round these artificial developments—artificial thev can
scarcely be called, since they themselves have arisen interiorly.
They are the result of intellectual acts. Man has been develop-
ing himself. He, so far as the earth is concerned, is becoming
omnipresent. The electrical nerves of society are spread to a
plexus all over Europe and America; their r',,mm is -.'ir:.l -ir.m.lx

run under the Atlantic and the Pacific.

In many of the addresses that have been made during the past
summer, on the Centennial occasion, the shortcomings of the
United States in extending the boundaries of scientific knowledge,

in the physical and chemical departments, have been
set forth. " We must acknowledge with shame our inferiority to
other people," says one. " We have done nothing," says another.
Weli, illthi-b trtu we oiiL'ht perhaps to look to the condition
of our colleges for an explanation. But we must not forget that
many of these humiliating accusations are made by persons who
are not of authority in the matter; who, because they are igno-
rant of what has been done, think that nothing has been done.
They mistake what is merely a blank in their own informal ion tor

a blank in reality. In their alacrity to depreciate the merit of
their own country, a most unpatriotic alacrity, they would have
ns confess that for the last century we have been living on the
reputation of Franklin and his thunder-rod.

Perhaps, then, we may without vanity recall some facts that
may relieve us in a measure from the weight of this heavy accusa-
tion. We have sent out expeditions of exploration both to the
Arctic and Antarctic seas. We have submitted our own coast
to a hydrographic and geodesic survey, not excelled in exactness
and exteut by any similar works elsewhere. In the accomplish-
ment of this we have been compelled to solve many physical
problems of the greatest delicacy and highest importance, and
we have done it successfully. The measuring rods with which
the three great base lines of Maine, Long Island, Georgia, were
determined, and their beautiful mechanical appliances, have
exacted the publicly expressed admiration of some of the greatest
European philosophers, and the conduct of that survey their un-
stinted applause. We have instituted geological surveys of many



Chemistry and Physics. 65

of our States and much of our Territories, and have been rewarded
nut merely Ly manifold local benefits, l-nt also _ by the higher
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ace -1. here the first portraits of

the human face were made—an experiment that has given rise to

| : mistry.it may truly be affirmed

thatnowhe. «d ideas, its new conceptions,

better underst I ..v more eagorlv received. But how useless

would it be for me to attempt a description m these few moments

Am. Jour. Set.-Third Series, Vol. XIII, No. 73.- Jan., 1S77.



66 Scientific Intelligence.

of what Prof. Silliman, in the work to which I have already re-

ferred, found that he could not include on more than 100 closely-

printed pages, thousch he proposed merely to give the names of
American chemists' and the titles of their works. It would be
equally useless and indeed an invidious task to offer a selection

;

but this may be said, that among the more prominent memoirs
there are many not inferior to the foremost that the chemical
literature of Europe can present. How unsatisfactory then i- this

brief statement I have made of what might be justly claimed for

American science ! Had it been ten times as long, and far more
forcibly offered, it would still have fallen short of completeness.
I still should have been open to the accusation of not having done
justice to the subject.

Have those who gloat over the shortcomings of American sci-

ence ever examined the Coast Survey Reports, those of the Naval
Observatory, the Smith , ,. those of the American
Association for the Advancement of Science, the Proceedings of
the American Academy of Arts and Science, those of the Ameri-
can Philosophical Society, the Lyceum of Natural Historv, and
our leading scientific periodicals? Have they ever looked "at the
numerous reports published by the authority of Congress on geo-
graphical, geological, engineering, and other subjects—repi
often m imposing quartos magnificently illustrated.

Not without interest may we explore the origin of the depre
tion of which we complain. In other countries it is commonly
t'a*< that ea. h hums for itself all that it can, and often more t
is its due. Each labors to bring its conspicuous men and its pub-
lic acts into the most fa <.v ; each sjoes upon the

" —lally valued at the value he puts
ritb us? Can an impartial person
ers which we so often attribute to
in political, and what is worse, in s

himself. But hov ,- is

withe>ut pain the chai
illustrious c

life?

^wheTbeTo
o,;

;

NV,3 need not gc r'

,',

politi cal condition . I

r things ?

detect the origin of all this -it is ii

Here wealth, power, preferment—prefer)
even to the highest position in the nation-- are secminulv wii bin

the reach of all, and in the internecine struggle that takes
place every man is occupied in pushing some other man
into the background. I fear th there is no
remedy for this, such is the violence of the compi tition. so _o< at

are the prizes at stake. But in the less turbulent domain of

science and letters we may hope for better things. And those
who make i1 leery the contributions of their own
country to the stock of knowledge may perhaps stand rebuked by
the express j„. r generoan rivals-

How can they read without blushing at their own eon
os as that recently uttered by tl

lish opinion, the foremost of English journals ? The Times, which
no one will accuse of partiality in this insta-.c , sav- : "In th.
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natural distribution of subjects, the history of enterprise, discove
and conquest, and the growth of republics fell to America a

she has dealt nobly with them. In the wider and multifaric
provinces of art and science she runs neck and neck with t

mother country and is never left behind !"

through 'illiterate" arrogance*; 'there are Tome\vho!' 'incited"

it is in'contiici w'hVtl irit'.'teivM ' it

>

h.TLr. t'lu scrvL
of science, who have dedicated ourselves to her, take counts
Day by day the number of those who hold her in disfavor
diminishing We can disre-ard their misrepresentations a

maledictions. .Mankind has made the great discovery that, she
the long hoped-for civilizing a-ent of the world. Let us contin

' the

f the

The book of Nature ! shall not we chemists, and all our brotl

students, whethei I
- rs.mathematiei:

geologists, shall we not all humbly and earnestly read it ? Xatt
the mother of us all, has ig, her eternal rec

on the canopy of the skies, she has put it all around us on
platform of the earth ! No man can tamper with it, no man i

interpolate or falsi tv it for hi- own ends. She does not eomrm
us what to do, nor order us what to think. She only invites us

Thither are "rep y, but of their o

been, in her m concord and uni

13. Pnf/JD, I s.—Prot Draper's

country! *We 14wm of the Pr,

.
of Arts and
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l in the growth of plan

II. Geology and Mineralogy.

Explorations made under the direction of F. Y. Hat/den,
).— For reasons beyond the control of the Geologist in char
various parties composing the United States Geological a

graphical Survey of the Territories, did not commence th

work until August. Owing to the evidence of hostility

ng the northern tribes of Indians it was deemed most prudent
onfine the labors of the survey to the completion of the Atlas

olorado. Therefore the work of the season of 1876 was a

ation of the labors of the three preceding years, westward, fin-

ig the entire mountainous portion of Colorado with a belt fifteen

S in width of northern New Mexico and a belt twenty-five

s in breadth of eastern Utah. Six sheets of the Physical Atlas

now nearly ready to be issued from the press. Each sheet

races an area of over 1 1,500 square miles, or a total of 70,00"

tre miles. The maps are constructed on a scale of four mil

1 of 200 feet, which will form the bas

be
i the las

V-'-' ed the ;v..!..:"-S The

,1 1're Indians that attacked two of the parties the previous year.

Five parties were engaged in field duty: one for coi

ido, three for topi
j
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The primary triangulation party was placed in charge of A. D.
Wilson and took the field from Trinidad, the southern terminus
of the Denver and Rio Grande Railway, August isth, making
the first station on Fisher's Peak. From this point the party
marched by the valley of the Purgatoire, crossed the Sangre d'e

Christo range byway of Costillia Pass, followed the west base oi' the

range northward as far as Fort Carland, making ., Nation on

tne west, called Blanea Peak, the principal summit of the Sierra

Blanea group. This was ascended by the party under Mr. Wii-on,

and found to be the highest peak in Colorado and the second

peak in height in the Hinted States. A comparison with some of

the first class peaks in Colorado will show the relative heights.

Blanea Peak above sea level, 14,404 feet.

Mt. Harvard " " 14,as4 "

Cray's Peak " " 14,841 "

Mt Lincoln " " 14,296 "

Mt. Wilson " " 14,280 "

Long's Peak " " 14,271 "

Uncompahgre Peak " " 14,235 "

Pike's Peak " " 14,146 "

Mr. Wilson made eleven primary stations over a large portion

of Southern and Western Colorado and completed about 1,000

square miles of topography that had been omitted by one of the

parties of last year.

In compai ii"ii [.arty. Mr. Holmes made a

hurried trip "through Colorado, touching also portions of New
Mexico and Utah. He was unable to pay much attention to

detailed work, but had an excellent opportunity of taking a gen-

eral view of the two great plain belts that lie, the one alon; tin-

east, the other along the west base of the Hocky Mountains.

For nearly 2,on0 miles travel he had constantly in view the Cre-

taceous and Tertiary formations, among which are involved some

of the most interesting geological questions. He observed among
other things tie _,, • persist. . of rl > gi ups ot locks

throughout the east, wot ml north, ml .-] Ii\ in the west ;

that from Northern New Mexico to Southern Wyoming the

various members of the Cretaceous lie in almost unbroken belts,

while the Tertiaries are hardly less easily followed.

Between the east and the west there is only one great incon-

gruity. Along the east base of the mountains the upper < re-

taceous rocks,' including Nos. 4 and 5, are almost wanting and

consisting o "I leer of shales and laminated

sandstones. Along t!
;

. hevoines a promim-iit

and import.) feature. In

the " Mesa Verde" and the cap of

the Dolores plateau, it comprises upward of 2,000 feet of coal-

•
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i the gigantic hog-back of the

-hwest, he visited the Sierra Abajo, a small

group of mountains which lie in [vision. Rah. and found as he

had previously surmised that the structure was identical with

that of the four other isolated groups that lie in the same .virion.

A mass of trachyte has been forced up through fissures in the

sedimentary rocks and now rests chiefly upon the sandstones and
shales of the lower Cretaceous. There is a considerable amount
of arching of the sedimentary rocks, caused probablv bv the intru-

sion of wedge-like sheets of" trachyte, while the broken edges of

the beds are frequently hem abruptly up as if by the upward or

lateral pressure of the rising mass. He was able to make many
additional observations on the geology of the San Juan region,

and secured much valuable material for the coloring of the final

He states that the northern limit of ancient eliff builders in

Colorado and Eastern ('tab is hanUv above latitude 37° 45'.

The Grand River Division was directed by Henry Gannett,
topographer, with Dr. A. C. Peale as geologist. James Stevenson,

executive officer of the survey, accompanied this division for the

purpose of assisting in the management of the -Indians, who last

year prevented the completion of the work in this locality by their

The work assigned this division consisted in part of a small

area containing' about ]. 1 1( in s,p-,a

:

the Sierra

la Sal. The greater portion of the work of this division lav north

of the Crand River, limited on the north bv the parallel of 3:i
3 W

aud included between the meridians of 108° On' and 109° 30'.

The geological work of this division, by Dr. Peale, connects

directly with that done by him in 1874 and 1875. Sedimentary
formations prevail in both districts visited during the past season.

The country first examined lies between the' San Miguel and
Dolores Rivers, extending northward and northwestward from
Lone Cone Mountain. The general character of this region is

that of a plateau cut by deep gorges or canons, some of which.

especially toward the north, extend from the sandstones of the

Dakota group to the top of the Red Beds. The depth of the

for away from the main streams thev are drv the greater portion

of the vear. There are no great disturbance's of the strata., what
folds do occur being broad and comparatively gentle.

The San Miguel. River leaving tin San Juan Mountains flows

toward the northwest and, with its tributaries, cuts through the

... exposing the variegated beds

lying beneath that have generalh b . referred > tl Jurassu
About twenty-five or thirty mile's north of Lone Cone, the river
""-

i abruptly to the west an
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Lone Cone the sandstones of t'.e Dakota group or No. 1 Crett

ceous are nearly horizontal, forming a plateau which on approacl
ing (lie mountains has a capping of Cretaceous shales.

Beyond the bend, the San Miguel flows in a monoclinal valle

in which the canon walls are of the same description as in th

upper part of its course. As the mouth is approached the Re
Beds appear. Between this portion of the course of the San liigw
and the almost paralled course of the Dolores, which is in a sim

valleys parallel to each other. They are all occupied l>v bVanehe
of the Dolores. Lower Cretaceous; Jurassic and Triage strat;

he fully 'considered in the report oiMhe district. The Dolore

river comes from a high plateau in a zigzag course, flowing some
times with the strike and sometimes with the dip of the strata

to northwest again to its juixt

cafiou the greater part of its course.

In the region of country north of Grand River, the geological

formations < \t, n 1 mint rruph dlv from the Red Beds exposed ,„,

Grand River to the White Tertiary cliffs forming the su mm: of

of the "Roan Mountains" or Book Cliffs. The <, rand is generally

in a canon in the Red Beds. On the north side the X o. I Cre-

taceous sandstones form a hogback sloping toward the cliffs.

U.-rwcen th ct-est of thi> 1
_' ck id th , f>, there is a broad

valley formed by the erosion of the soft Cretaceous shahs which

extend to the base of the cliffs and in some places form their

The cliffs are composed mainly of Cretaceous beds, rising one

above anotl. "elevation of about s.ooO feet is

reached. The summit is the edge of a plateau, sloping to N.VK.
This plateau is cut by the drainage flowing into the White River

from the south. These streams' rarely cut through the Tertiary

Coal of poor quality is found in the sandstones of the Dakota

group and also in the sandstones above the middle Cretaceous

beds. Wherever noticed it was in thin seams and of little

The White* River division was directed by G. B. Chittenden as

topographer, accompained bv F. M. Endlich as geologist.

The district assigned to this party as their field for e\

during the season" of 1876, commenced from the eastward at

longitude 107° 30', joining on to the work previously done and

boundary was X latitude 39° 30', while the White River formed

In order to complete the work to im-

possible advantage in the shortest time that could be

- .; -, ,.- -

.
,

-.\
. - \.

and in two trips from there complete the work. About 3,800

square miles comprised the area surveyed.
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According to the report of F. M. Endlich, the geology of the

district is very simple though interesting. Inasmuch as hut one

somewhat simplified II. is was formed by the '"Book Cliffs,"

between the drainage of the Grand on the south and the White
on the north. Both of these rivers now a little south of west, into

the Green River which they join in I tab. From the junction

of the Grand and Green downward the river is called the Groat

liver. Toward the south these cliff- fail ,

)n the north side—with the dip of the strata-

rentle, although in consequence of erosion nun
.iiffB are formed. Descending in that directio

he country changes. Instead of an unbroken s

he plateau has been cut parallel by the Whit
md the long, characteristic mesas of that reg
iction of erosion. Approaching the river, cons:

vith the slight dip of the strata, the bluffs

ower. Though the creek valleys are wide and
10 doubt well' watered, the vegetation is that o

>warf pines, pifions and sage brush abound, to

exclusion of other trees or grass. Traveling down White Riv
this character is again found to change. A new series of blufl

occasioned by heavy superincumbent strata, gives rise to the fc

.- For 41 miles the ..at y followed the can
of White River, that, no doubt, is analog us to that of Gre
Hiver. ami probablv c! f the Colorado in

detail features. Vertical nails enclose the larrow river-bottorr

and the slop. tionsareonii mented by thousan
of curiously eroded rocks. W ointments of ill kinds and figm
that can readilv be compared to those of an
the scenery, which would otherwise be m
three thousand feet may be stated as the height of the wa
enclo>ing the White River.

Geologically speaking, the district was on 9 of singular unifor

ng to this period. Owing to the lit

rrara. water was a rare luxurv in !

nals were frequently depend,';,, u

still, the Green Km-r -,,,• .,,.

-

The held work of the Yampah
Bechler as topographer and Dr. C.
;ng the past season was .



Geology and Mineralogy. 73

western Colorado lying between the Yampah and White Rivers,

and between Green River and the subordinate range of mountains
that lies west of and parallel with the Park Range. The area is-

embraced between parallels 39° 30' and 40° 30', and meridians 107°

30' and 109° 30'.

The rocks of this district embrace all the sedimentary forma-

tions yet recognized by the investigators who have studied the

region' that lies between the Park "Range and the Great Salt

Lake, namely from the Uinta Quartzite (which underlies the

Carboniferous) to the latest Tertiary, inclusive. Not only has
the geographical distribution of these formations been mapped,
hut all the displacements of the strata have been traced and
delineated. The last named investigations bring out some
interesting and important facts, in relation to the orographic

geology of the region, especially as regards the eastern termination

of the great Pinta uplift and' the blending of its vanishing pri-

mary and accessory displacements with those of the north and
south range above mentioned. Much information was also

obtained concerning the distribution of the local drift of that

region ; the extent and geological date of outflows of trap, etc.

The brackish water beds at the base of the Tertiary series,

containing the characteristic fossils, were discovered in the valley

of the Yampah. They are thus shown to be exactly equb.alent

with those now so well known, in the valley of Bitter Creek,

Wyoming Territory. These last named localities were also

visited at the close of the season's work, and from the strata of

this horizon at Black P.uttes station, three new species of TJnio

were obtained, making six clearly distinct species in all that have

been obtained associated together in one stratum at that locality.

They are all of either distinctively American types or closely

related to species now living in American fresh waters. They
represent, by theil j living species ; Unin

elm-),* Lamarck- TJ. seenris Lea ; TJ. gibbosus Barnes ; TJ. meta-

nevrxs Rafinesque, and U. complanatn'* Solander. They are asso-

ciated in the same stratum with species of the genera Corbula,

< ;„/, ;,„!«, Neritina, Vimparus, etc., and which stratum alternates

with layers containing OMreu and A„ou,vi.

The close athnitv of the-, fossil TJnio* with species now living

in the Mississippi River and its tributaries -<em-
;

lainly sugges-

tive of the fa it the ancestry of the hung ones.

An interesting -cries of 'farts ha- also been collected, showing that

some of th. pes of I'nio were introduced in

what is now the great Rocky Mountain region, as early as the

Jurassic period, and that their ,\r. ecome great

and clearly defined as early as late Cretaceous and early ternary

times. Other observations suggest the proha I

eal distribution, dm .

>• of their

evolutional descent, by one or more of which they have probably

reached the Mississip] R - -*
'

iated m the

numerous u now exist there.



The work of the pas

relation of the vario

here may be a thickeninj

ows very clearly the harmonious
of strata over vast areas, that

ning out of beds at

all be correlated from the Missouri

River to the Sierra Nevada Basin. The fact also that there is no
physical or paleontological break in tin se ".-roups over lar^e areas,

from the Cretaceous to the middle Tertiary is fully e-

The transition from marine to brackish water forms of life, com-
mences at the close of the Cretaceous epoch and, without a.iv line

.p. that can yet be detected, continues on upward until

onlv purely fresh water forms are to be found. Dr. White, an

and -'t'nloir.st .-ays that the line must be
drawn somewhere between the Cretaceous and Ternary epochs,

but that it will lie -tri -tlv arbitrary, as there is no physical I ireak

to the summit of the Bridger group. h.

2. Geological Surv
the Ashes of the Hemp and Buekw'h, ,( 1" nts, w it 1 o muk- on

its bearing on Hemp Culture in Kentucky, by R. Peter, M.D.,
Chcini-t to the Survey. Publications of the Geological Survey of

Kentucky under X. S. :-,haler. Director. Part III, vol. ii. Second
Series. 25 pp. 8vo. Frankfort, Kentucky.-—The following re-

inn 1,- on h nip u;d tl -es arc copied from pages 11 to 13

of this Report. "In order to ascertain the relative fertilizing

influence of the leaves and roots, three hemp plants were collected,

July 25th, 1864, in the dry season. These, one male and two
female plants, were about six to seven feet high. The leaves,

' i and thoroughly air dried,

ed as follows:

with the follow

ed and their ashes analyzed,

S3, Roots, &m> Stems of the Hemp,

THBL*A™. | THB8TKMS.
) THB BOOTS.

^fS '..,7,
8,m

:.V
!

lime..-.

ST :..:::."

3 :*I

r
>;

04

;.-;'!
1-829
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By examination of the above table it is to be seen, that the
leaves of the flowering hemp contain more of the essential min-
eral ingredients of the soil than all the other parts of the plant;
constituting as they do. about 30 per cent of the whole plant in
the air-dried state, and yielding \0-2ir, per cent of their weight of
ash, the carbonic acid being excluded ; while the stems and roots,

which together form the remaining 10 per cent of the weight of
the plant, give an average of less than 3-5 per cent of ash.

Nor is this great excess in the proportion of ash in the leaves due
entirely to the influence of the greater evaporation which takes
place on their surfaces, causing a deposit or incrustation of lime

see that while the amount of silica in the leaves is nearly fourteen
times greater than that in the stems, and more than seven times
greater than in the roots; the lime more than five times as great
as that in the stems, and seven times more than in the toots ; the

magnesia three times more than that in the stems, and twice as

much as that in the roots; the phosphoric acid and phosphates
and the alkalies are in nearly double proportion in the leaves also,

and the sulphuric acid five" times greater in them than in the

stems, and about four times greater than in the roots. So that

while the leaves, when in their fully matured state or when they
naruraily fall, may possibly contain scarcely any but the less

soluble salts which may be left in their tissues on the evaporation
of the carbonated water which held them in solution in the sap,

they contain, wdien in the growing, active condition, like all other

green herbage, a very large proportion of salts of potash, and of

all tin mineral elements of plant nourishment, and hence may
greatly enrich the soil on which they decay. It is obviously to

the interest of the hemp farmer, therefore, so to manage as to

spread them as regularly as possible over his hemp ground.

•;. The American Bison, Living and Extinct : >.v J. A. Ar.r.Ex.

Published, by permission of N. S. Shaler, Director of the

Keittuckv Geological Survev. as vol. iv, No. 10, of the Memoirs
of the Museum "of Comparative Zoology at Harvard College.

Cambridge, Mass. 246 pp. 4to, with 12 plates and a colored map.

(Weld Uigelmv & Co.i I'liis work I. uttit'ul in tyi graphy, is

well as I;, its illustrations, is a carefully prepared monograph of

the American bisons, containing, as its first part, descriptions of

the species, and, as 'its second, a thorough discussion of their

geographical distribution. Two extinct species are recognized.

Bison latifroas Leidv, and II. antiq'ins Leidy t= /»'. cra,sa-orms

Richardson). To the description of Bison Americana* the author

Has added much information on the habits of the species from his

own observations. The fine colored map is introduced to illustrate

its former and present distribution.

4. Second Geological Survey of Pennsylvania. Hams-



'6 Scientific Intelligence.

Stevenson. 420 pp. 8vb, with 3 sections and 2 County maps,
-"•*''-

!

'
11' >1 depths of the Pittsburg and W.

(2.) Report of Progress in ,1,, District of York and Adams
Counties. 196 pp. 8vo, with Maps and Cross-sections showing the
Iron-ore belts and individual Mines ; bv Peksipoe Fkazer Jr

Mr. Stevenson's Report, after chapters on
of the district and its Quaternary geology, describes in detail the
Carboniferous strata, r hetr ,,,,

ti„ n ._ anil
then takea -v of the several townships, giving

n on the coal beds and
coals. lhe closing chapter, on Economic Geology contains

V-u as to the thickness and variations of the coal 1 , <ls. the
•;.;.n of coals, constitution and value , i

the distribution and source of the petroleum of the district. Mr.
Stevenson M ])0t arigen
from the distillation of shales, but that "it is in the highest
degree probable that the v. -efal.le matt.-.
- ..

. , ..:

into petroleum u ! ,1, ril„ ,„!, , „! .,,,„,. , ,„, ,

«r»
Jt

1

1
.

]ace9
]

°f t>ieOh1o and Alleghany valleys are described
- } d

1 - upper is of various height., 180,
4" let. l-r„m .Mn,,o,,ualula to Pitt sbuig terraces

are stated to be very distinct at 190 and 290 feet; while at the
</

there are seven terraces at id, 120, 190,290,340,
M.d below Pittsburg, at Chartiers, there are

P ,

t n,eji,„li, tteo, th.iu ti val
:

'

'

':
'

".- ,.,-n,»I, ..1 indefinite supply from the melting o i

Mr. Frazer treats of a belt in Eastern Pennsylvania which in-
nerous hmonite beds asa

, r limestone
""<! hy homica slates, similar in character and position to those

/mg the Green .Mountain t-,-i.-,,i in Berkshire, Mass..

] parts of Not York,and also m \ erne „, 1, n f ; p^hinn of the rocks is made
several sections presenting the author's pres-

'

.. . -
:

-

unty. The main point set forth is that the limestones

e with most
«w sections observed by the writer in Berkshire.

2 J. r -

8o

c

rtan,s ,1, - n
!

m "^ " i -""
-
'!•-'- - iiv-

anal ses ofToTore^
68

'
Iimest°neS

'
and detailed descriptions and

foJLn*
th
% Glacial Phenomena of North America; by Pro-

TWoS

'

"tSH
'
'"' fI>,< " Am " r

'
W

•
l "'" il !

-
New Tork

n
Tim *Tf °f the papeF hj Prof^ s" r T" ,vil "'

,1,,;

ahwnste •

'""? ""y be as8umed that the

temperature, due either to great e;
, lllle8 or t0



G-eology and Mineralogy. 77

high latitudes with or without such elevations of land. These
conditions insure such accumulations of snow above the line of
perpetual frost as will sooner or later pass the line of p. ip, mil
snow and be changed to ice and water. The water becomes Pa-
cini rivers, and the ice will move as a plastic mass to a line deter-
mined l.v the amount of snow, on the one hand, and the climate
on the other. The advancing movement of the glacier is accom-
panied bv erosion and seratehino- of the rocks below and bv the
different kinds of moraines, as till or blue bowlder clay, and yel-
low unstratitied masses—terminal, lateral, and superficial moraines.
Simultaneous with these phenomena we have this action of the
glacial river, namelv, a partial denudation of the moraines, and
the formation of stratified gravel, sand, and clay.

The glacial phenomena of the Glacial period were as follows :

1. The sinking of the temperature, accompanied by the formation
and increase of glaciers; 2. The motion of the ice to its extreme
limit; 3. The formation of moraines, of which a part were moved
forward and constituted terminal moraines, while another portion

moi n s. t. flu ,

'
. TiMMal

river deposits, or the covering of them bv the glacier itself and its

ground moraine. A geological section" of the edge of the ice

would then present either (a) pregladal beds; ,/,) stratified gla-

ciai deposits p-) a ''round moraine; (</') th ic. ' h its terminal

moraine: or (</) scratched rocks; (c) a ground moraine; (d) ice

and terminal moraines. The first-named section is most common
in the portions of Europe covered by Scandinavian erratics. The
second is found generally in Scandinavia and in the United

The retrograde movement of a glacier during the period of

melting is characterized: 1. Bv the formations of upper or termi-

nal moraines, which are more" or less leveled by local backward
and forv, In .vements of a giacict hi ng sucec'ssiv. int n lis ot

time ; 2. By stratified river deposits lying upon

.eled down to great

fields containing unstratified materials; (e) stratified beds formed

by glacial ri . -<>urces. The charac-

teristics „f deposits ,

'... .icinity of high moun-

tains they contain rote farther away they con-

sist of deposits of sand and clay. The characteristics of the

deposits p.) ;,re: A blue color, due to the seclusion from the oxi-

ion of the air; compactness and hardness; rounded

form of the bowlders, v " ;
'
lU <

-
•

led by per-

.'.-...• - \ .-•.-. ,
.

:
--. . r

angularity of the bowlders, which are rarely scratched, and usually

belong to neighboring localities. The characteristics of the de-



posits (e) are: Stratification, abundance of rounded and nn-

scratched l-.ovddi.Ts; tla-v generally consist of beds of gravel and

sand. without lav. 'i 1.. - phenomena are found not only in

Europe wherever there are traces of the ice age, but are observa-

ble in the United States and in the region to tin- north of them.

Each -lacier has had its own limited area, ami the same appears

to have been the case with all the ureal drift deposits in North
America. The greatest ice-field of Europe was that which origi-

nated in the highlands of Scandinavia, and thence extended over

those portions of Northern Europe which are known to be covered

By investigations extending through a long period of years, I

have found that the above-mentioned glacial beds or deposits

exist in all the countries above indicated. The Scandinavian gla-

cier crossed the Baltic and German Ocean, ami extended its mo-
raines into the suburbs of London on the west, to the slopes of

the liiesengeoirge in the southeast, to the Tjernaye Bay, the icy,

on the northeast. The presence of precisely similar phenomena in

North America has established in t\w minds of a majority of

geologists th,, conviction that a vast area over which such phe-

nomena arc found has also been covered with ice. But if we care-

fully examine this region it will readily appear that the glacial

;;..'..... .;'....- ..-..-•,, ,-,

base of the i.
, thus fore-

have had different sources.

It has been the opinion of man'
gists that the source of the eastern ice-fields is to be sought in

the ("ana. ban highlands. Against this ..pinion several important
reason* may be urged. First, in the portions of Canada in u hich

the glaciers in question are supposed to have originated, we
have reason to believe that the rocks are rounded ami scratched,

phenomena everywhere recognized as glacial; but I think in no
case characterizing rocks known to have been covered with per-

petual snow. Again, the elevation ami extent of the highest por-

tions ot Canada are hardh sufficient to account for the re.piisite

u of snow ami ice. And finally, so far as I have
learned, there is not formed upon the rocks of the northern slope

of Canada, nor vet in bowlders moved by glacial force, any satis-

factorv evidence that there had been a northward as well as

movement of glaciers from the highlands of Canada.
It. therefore. >m- northern ami casern Cnited
States, usually supposed to be glacial, are indeed such, and if

there is not sufficient reason for : am highlands
to have been the source of the glacier* which produced these phe-

nomena, th Isewhera
I think it will bee, have studied

' both the character of
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, „„/ and Du..„

Strait to Greenland, we find that the largest body (if land in the

northern hemisphere, covered by ice and snow to a depth of not

less than 2,<>oo feet, and ai this moment sending down its ice-

bergs as far as the Middle Atlantic. From the sixtieth degree of

latitude to above the eightieth, this vast area of land is known to

be ice-covered, and from the scarcity of the icebergs upon the

eastern compared with the western coast of that land, it maybe
concluded that the general slope of the surface is to the south-

west and in exact direction of the glacial markings ot what is

kicwn to have been the course of transported bowlders in North-

eastern America. Moreover, if we bear in mind the certainty

that during the Glacial period the glaciers moving from the

, la„d toward the sea could not have formed de-

tached icebergs as now, but must have for the time blocked up all

a\, mi. s exc. pi the one of easiest escape for the immense accumu-

lations of ice, we may easily assume that this avenue was south-

westward acn-s lliitidi America and the northeastern part of the

United States.

Finally, it may be remarked that this view is strongly con-

tinued 1,'v comparison of the Scandinavian with the American

..Miti.m to the identity ot the general pue-

, marked resen in the propor-

tion between the extent and other circumstances ot the two areas,

and that by allowing due weight to all the evidences

support of tl
1 was the source of the glacial

phenomena of the area in .piestion, we find a probable and rational

solution ot a hitherto unsettled problem. ^ T% „ ,

6. Note on the Glacial era; by J.vmes D Daxa.-1 rotessor

Torell, in his
"' N°T

America. in our views. It is a pleasure to

know that we agree in all essential points. No American geol-

ogist holds, so far as I know, that "the sou;,

fields of North America is to be sought in the Came.

lands." In my papers on this subj
! ~

•
( >'

324) and 1873 (V, 204), I was speaking of the "Glacier of New
V , England part of the great glacier;

and, the' conclusion arrived at was that the glactal scratches

over New England, New York, and the r

north converae toward an area on the Came

hence thai '
New Eng1"^ and New lork

".: -..•
'

:: '" , ' '

'

Canada, of the high land of Northern New England, of Eastern

and Western New York, and of - • P™* ° a

part of the Canada water-shed b »*» vauey

wardly over New England." I regret that my words were in any



80 Scientific Intelligence.

way calculated to mislead. Professor Torell corrects the above

view bv makin-r Greenland the great source; but to put Green-

land in' the above sentence would make it absurd, for no height of

ice in that land, so far to the northeast, could have determined

iti,}ith,-ist'i;ird movements over New England. I did not doubt

that the ice mass of the Canada water-shed, continued northward

or northeastward, in the direction of the region of greatest precipi-

tation, as the chief iee-ma.-s of the continent ; but only whether the

increase of height in that direction exceeded enough that on the

t of the ice-surface on the water-shed would
t least 13,000 feet to have given it a slope

of even fifteen feet a mile to its discharge in the ocean south and

east of }^cw England and ten feet a mile to the ice-surface over

Mount Washington—the smallest pitch that seemed to he capable

of producing the southward and southeastward movement ; and

the adding of ten feet a mile to the height farther north, thus

increasing this already incredible altitude I allude to (ii, 328)

but with an improbable if. The region of greatest height to the

north of the water-shed I did not consider, because it was not

within the range of my subject—the source of the "New England
Glacier;" and I had no satisfactory facts as to I he present amount

it ion to the north, much less any data for judging of

the hvurometrie condition in the Glacial era.

Iu 'this Journal for April, 1875 (ix, 312), in citin- facts from Dr.

Cell, in the Report of the Canada Geological Survey for 1873-4, I

observe that the facts from the vicinity of Lake Winnipeg show
that a line of greatest glacier height was continued from the ice-

summit on the Canada water-shed northward; but not necessarily

that the height northward " was as great as over the water-shed,"

for " the greatest height would have been where there was the

greatest amount of precipitation, supposing the melting the same."

1 then explain the absence of the glacier from the central re-ions

of the continent (exclusive of the Rocky Mountains) by reference

to the small amount of precipitation (referring to Schott's Rain-

chart), and to the high degree of summer heat, thus making the

glacier, as I state, n ^n.-at ooa^tward ice-tua.-s. thinning out to the

westward; and the- Continental ice-, not an ice-cap, but, as I say

in a subsequent note (x, 385, 1875), an " ice-mantle thrown about
the pole and descending along the borders of the Continent,

especially the eastern."

6. A monograph of A m> ,•;<;<,, Tributes; by A. W. Vogdes,
U. S. Army. 16 pp. Tampa, Florida.—This pamphlet is Part I

of Lieut. Vogdes' monograph. It is wholly bibliographical, giv-

ing th- u'cneral bibliography on the subject, from the first paper,

in 16»8, by Lhwyd,and then, references to the works or memoirs
that treat of the several species of the genera Asiiphns, Odo/tto-

phut-ii \c laspis
.
/ i <, /; . v , -,,, J; "

. , t lhis, Agraulos,
Ptychoparia (Conocephalites), and Ceraurus.
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8. An outline of the Geology of Canada, based on a subdivision

of the Provinces 'into nat urai 'areas; by E. J. Chapman, Prof. Min.

and Geol., University College, Toronto, Canada. 106 pp. 8vo,

with several maps and plates of fossils.— Prof. Chapman's work is

a brief resume of the facts in Canadian geology, preceded by an

Introduction, of 32 pages, on rock-formations and divisions of geo-

logical time. The work is a convenient one for the student and
also for the geologist who would acquire a general knowledge of

iirit isl i-American Geologv. It contains six plates of fossil- repre-

senting Canadian species:

9. Origin of Forest ami l'rairie regions.— Prof. .1. I). Whitney
has a valuable paper on this subject in the American Naturalist

for October and November.
10. The Great Ice Age and its relations to the Antiquity of

Ma,,, bv .J.vmks Gkik.ii':, K.H.S., of H. M. Geological Survey of

Scotland, lid edit, revised. 024 pp. 8vo, with several maps and

numerous illustrations. London. 1877. (Daldy, Isbister & Co.).

—In this second edition, Prof. Geikie's very popular work has

received various additions from recent observations, partly per-

sonal, made in Britain, and from researches in other countries.

America included ; and, as the author's preface states, much of it

has been rewritten. The subject is well treated in all its different

hi lies, and the illustrations' are excellent. The maps include one

of North America, showing the southern outline of the glacier and

the general courses of erosion. Among the changes of views

introduced, are the use now of the terms till an, 1 bowlder clay

" as strictly synonymous ;" and the adoption of the conclusion of

Mr. Jamieson, that " the sea had not any share in the formation of

the kames." The work is the best review of the subject to be had,

and owes much of its value to Professor Geikie's own researches.

III. Botany and Zoology.

1. Date of Publication of Elliott's Botany of South Carolina

a,,d Georaoi.—-The title-page of the first volume bears the date

of 1821. But it is well known that the work was issued in parts.

and that the publication began much earlier. The actual time of

issue becomes important in "respect to the priority of certain ge-

neric and specific names, notably those in Nuttall's Genera, pub-

lished in 1818. Contrary to the testimony of the title-pages, it is

uei.erallv umle.-tood that Elliott's names of Podostigma and

Acerates have priority over Nuttall's Stylandra and Ananthrrb:

To avoid future trouble it is desirable to put upon record such

evidence upon the point as is now obtainable. The only printed

testimony vet met with is in the /. "*, the cor-

e's ablest collaborator),

lovingly edited b v his friend. !>r. Darlington. By reference to

pp. 202' Jl- 2+0 ' and js.->. it is made out that the first number of

rork was issued as early as October, 1816, was recalled,

reprinted, ai
iber, before

Am. Joub. Sci—Thibd Series, Vol. XIII, No. 58.-J**., 1877.
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January, 1817. The first number probably ended on p. 96; the
second on p. 222. The third and fourth numbers were
before November 10, 1817. The fourth number must have in-
cluded p. 466; the fifth ami conciudim.r number of the volume (to
which the title-page assigns the date of 1821), must lie-in on or
before p. 529. For, on the latter page Nuttall's genus />,„,„,„•-
pha occurs and his work is for the first time cited ; while the pref-
a ""'.v llM oi on p. 166, does aol contain Dia-
morpna.

This is confirmed by Elliott's correspondence with Zaccheus
Collins now in the possession of the Academy of Natural Sci-
ences, Philadelphia, which Mr. Ifedliehl has kindly consulted, atmy request

;
from which it appears, in short, that No. 1 was first

issued September 26, 1816; No. 2, on or before February 19,
1817; No. 3, on or before April 3, 1817; No. 4 and No. 5, no
data found

; No. 6, the commencement of the second volume, ap-
peared on or before October 12, 1821. The title pao-e of this vol-

• The collection referred to, and which contains a series of letters
of Muhlenberg, Elliott, liigeh.w, Torre v, and others, to Collins,
has been put into excellent condition for preservation by Mr.
John H. Redfield. A hasty perusal shows that it is replete with
interest. It would be well if the Philadelphia Academy would

at least portions of it, with some editorial notes which
could now be supplied, but for which it may now ere long be too

2. Homogone and Ileterogone (or Homogonoit* and Ileteroqo-
nons) Flowers.—That difference in relative length or height of
stamens and style, reciprocally, which in Torrey and Gray's Flora
ot JN orth America, was very long ago designated bv the term dim-
cio-dimorphism, Mr. Darwin—who detected and has made much
of the meaning of the arrangement—called simply dimorphism.

-

ers The first name is too long for use, and carries with it some
ambiguity, since it may imply a separation as well as a diversifica-
tion ot the sexes. Mr. Darwin's term has the disadvantage of not
indicating what parts of the blossom are ,//„„„•.,/„> (hermaphrodite
flowers may be dimorphous in the perigonium), and a more generic
name is now required, on account of /,/„„„,,/,/,., etc. This has
been supplied hy Hddebran.l. in Germany, who has introduced
the term heterostgled and the counterpart homostyled These are
not particularly happy appellations; for the difference is in the
stamens as \n , ;,,„] m the latter ;s not ,, iw .lvs
restricted to the style. Well-established terms ought not to be
superseded on the ground of mere improvement ; but those which
have not yet taken root sometimes may be. Following the analogy
ofpertgontum or perigone, I propose the more exactly expressive
term ot heterogo-ne (or heterogonous) for these flowers, such as
those of P,-,. ythrum,ete. The counterpart,

-

kind of differentiation. These terms, either in Latin or English
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form, would work well in generic or specific characters, and have
the advantage of etymological correctness. a. g.

3. Geographical Statistics of the European /'/..w.-ln a paper

contributed in lsTt to the Transactions of the Historic SoeietV of

Lancashire and Cheshire, Mr. Thomas Comber discussed the geo-

graphical statistics of the British flora. In another paper, read

March, 1x75, these enquiries are extended to the rest of the flora

of Europe; and the dispersion considered with regard to latitude,

station, habit of growth, character of liower. nature of fruit, seed,

etc. Contrary to the common idea, the Kuropean maritime plue-

nogamous plants appear to be less widely dispersed, on an aver-

age, than the non-maritime. Trees and shrubs range rather more
widely than herbaceous plants over land, less so over sea. Plants

with creeping rootstocks or stolons are much more widely dis-

persed than those without them. The distribution of annuals,

especially of the warmer temperate species, exceeds that of peren-

nial herbs. Endogens are mot. u"h\ -yu id t! n lv..,ih.

rior ovary; that is, the lower and less specialize.! in structure are

more widely distributed than the higher or more specialized.

That the inconspicuously colore,! surpass in range those with

brightly colored and conspicuous flowers, may be regarded as

another illustration of the same rule. The Cryptogams, of course,

have much the widest range. Phi msiderably

surpass those with dry fruit in area of distribution, in the ratio of

about 5 to 3. Of the dry fruits, the indehiseent belong to plants

with a somewhat higher average of distribution. Th. curious

conclusion. .
carious data, is confirmed bythe

statistics of the European flora, namely, that Composite with

pappus, on the average, are less widely distributed than those

without; and generally, that plants with special adaptations for

dispersion of fruit or seeds, are rather less widely dispersed than

those which have no such special appliances ; excepting, h..we\ er,

the coma of seeds. This, as De (
j Ml

-
( " !l1 -

ber confirms, is accompanied by a high degree of dispersion.

Much of this probably comes from the large number of Salices in

the H.iroi, - woody plants oi con,

with Aadepiadem—the most comose-seeded of the higher orders.

The species of Asclepias in North America are not remarkable tor

wide range. Although number of seeds might be supposed to

give advantage, yet, on the whole, the European plants with soli-

tary seeds have somewhat wider ;>
tth two or

mor,, seeds in each cell. Plants with albuminous seeds somewhat

surpass in range the exallmmiuous. Hns is remarkable m view of

the fact that seeds of longest known vitality and which best

endure exposure to sea watei", are mainly exalbumin.ms or nearly

so. Large genera have somewhat higher d

ones; and variable species, than those not
;

The laws that govern the distribution of plants are complex and
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4. The Wild Flowers of America. Illustrations by Isaac

Sprague. Text by George L. Goodale, M.D., Assistant Profes-

sor of Vegetable Physiology and Instructor of Botany in Harvard

University. Part I. Boston: (Houghton & Co.) Dec. 1876.

pp. 16, tab. 1-4, imp. 4to.—It is proposed to published this work
in quarterly parts or numbers, and in it "to present illustrations

and descriptions of all the more attractive flowering plants of

America,"—meaning, no doubt, the United States, and the Atlan-

tic portion of them, without excluding perhaps, the Western and

even the Pacific States as the work goes on. It is a large under-

taking, even under the most restricted view. The want has been

felt, atul various futile attempts have been made to supply it.

They have speedily come to nought, most of them deservedly, the

few worth having because they would not pay. The only work
of the kind we can now call to mind which gave fairly good
figures of our wild flowers, and which was carried beyond a single

part or volume, was l,y the late Dr. W. P. C. Marlon. This was
upon a plan not unlike that of the present work, perhaps equally

expensive, for the figures were hand-colored, but far less sumptu-

ous, and the figures—though really good—by no means so admira-

ble as those by Mr. Sprague, who is almost unrivaled as a botanical

draughtsman." These figures arc not in the style of the North
American Genera Illustrated, in which Mr. Sprague's talent in this

line was first made known. The plates of that work were ad-

dressed to botanists only, are imcolowd outlines, mainly valuable

for their dissections and other details. These are imperial quarto

plates, representing the flowers and as much of the herbage as is

needed to give their part and bearing, in their natural colors,

reproduced from the art I lie chromo-lithographic
process. The undertaking was probably suggested by t I

of this kind of work by the same artist in the colored plates of

Mr. Emerson's Trees and Shrubs of Massachusetts, to which we
called attention a year ago. The present work therefore ad-

dresses itself to amateurs as well as to botanists, to all lovers of

flowers and admirers of beautiful works of art. From all these

evidently it must have a large patronage if it is to prosper and
continue. Nothing upon such a scale of excellence has ever been
attempted in this country before. The plates are simply exquisite

;

in the typography the iliverside Press has done its best; and the

letterpress not only describes the flowers represented clearly and
popularly, but expatiates upon their arrangements for insect-aid

novel and attractive topic of the dav—ami
adds other curious lore.

The first plate charmingly represents our wild Columbine
(Aquilegia Canadensis) ; the second, our wild Cranesbill

(
Gera-

,i,i,i, „ ,,,,,,-i, (,!/,,,„); the third, Many-leaved Aster (Aster >n,<h<l<i-

tus); the fourth, both the Yellow Gerardia (G.jktva) and the
' nder purple species, G. tenuifolia. (We take blame

popular name
Gerardia makes r) g.-



familiar as Magnolia or even Lobelia.) "The great i\|» use at-

tending the work requires that the price per part shall be $5.00,"

say the publishers. We admire their courage in the enterprise,

and in aiming at the highest attainable excellence. There are

indications that their laudable endeavors will be responded to.

and that the time has ai length arrived '.'.hen a popular work of

this kind and in this style so "creditable to all concerned in it-
may be appreciated and sustained. a. g.

5. Report upon Geographical and Geological Exploration* ami
Surveys, west of th> One-hundredth Meridian, in charge of First

Lieutenant Geo. M. Wiieelei:, under the direction of Brigadier

General A. A. Humphrevs, Chief of Engineers, U. S. A. Vol. V.

Zoology. Washington:" Government Printing Office. 4to, 1019

pp., with 45 plates.—This large and valuable volume is hand-
somely executed, and is in every way creditable to the officers

under whose direction it has been prepared, and to the several

naturalists who have contributed reports to it. The plates

are well executed, and several are colored (chromolithographs.)

Although this volume is dated 1875, and was doubtless then

printed, it appears not to have been actually published until the

hitter part of the summer or early in the autumn of 1876. It in-

cludes the following reports

:

Introductory Letter, by H. C. Yarrow, M.D., surgeon and natu-

ralist to the expedition ; Notes upon Geographical Distribution

and Variation, by Dr. Yarrow; Report upon the collections of

Mammals, bv Dr." Elliott Coues and Dr. Yarrow; Report upon
the Ornithological Collections, by H. W. Henshaw ; Report upon
the collections of Batrachians and Reptiles, by Dr. II. ('. Varrow;
Synopsis of the Rep:;! vri/.ona. with critical

and field notes and an extensive synonymy, by Dr. Coues;

Report upon the collections of Fishes, by Prof. E". D. Cope and
Dr. Yarrow ; Report upon the Hymenoptera, by E. T. Cresson,

with List of Formicida?, by Edward Norton ; Reports upon the

Diurnal Lepidoptera, by T. L. Mead and W. H. Edwards; Report

upon new species of Zygsenida? and Bombycidaj, by R, H. Stretch:

Report on Diptera, by C. K. Osten-Sacken ; Report upon the

Coleoptera, by Heniy Ulke ; Report upon the Hemiptera, by P.

R. Uhler ; Report upon the Orthoptera, by Prof. Cyrus Thomas

;

Report on the Neuroptera and Pi H. A. Ha-

gen; Report upon the <«») hJ Dr.

Yarrow ; Report upon the fresh-water Leeches, by A. E. Verrill.

The plates illustrate rare or novel species and varieties of birds,

reptiles, fishes, and insects. A - E -
v-

IV. Astronomy.

1. The secular change of Magnetic Derlination in tht United

States, and other parts of North America: New discission h,j

Charles A. Schott, Assistant II. S. C. S.—This is an exten-

sion of Mr. Schott's paper in the Coast Survey Report of 1859,

and forms App. No. 8 of the Report for 1874. Forty-three sta-
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tions are represented in the discussion, and over 400 observations.
t ormulae are given for each station, with decennial tables com-
puted therefrom. Mr. Schott says :

"A cursory examination of the column containing the epochs
of greatest easterly excursion, the deflecting force prodi
secular change attaining then an easterly 'maximum, shows that
the needle became stationary hi direction, and then reversed its
secular motion, m the New England States toward the end of the
past century, in the Atlantic coast States to the west and south
early in the present, and in Mexico about the close of the first

l»v-e„t -entnrv. In California. Oregon ,,nd Wa<h-
rntory, it has not yet reached this condition. We thus

have the following epochs for comparison: Halifax about 1711-
Portland, Portsmouth, Newburyport, Salem, Boston, Cambridge,

n.i Providence, about 1779; Hartford, New Haven,
Isew York, Hatborough, Philadelphia, Washington and Cape
Henry, about 1800; Charleston, Suva n i, I, Is',, -,\ .

,

about 1800; New Orleans, about 1831
; Vera Cruz Mexico \ca-

pulco and San Bias, about 1837; San Diego, Monterey and San
Francisco, expected about 1907 (yet very uncertain

)We are thus directed to the extreme northeastern States for
probable indications of what may be expected to follow on the
seaboard in more southern and western States. Kespcctii... the

ovement of the needle, apparently a little more than a
century pass, .,.,. which produced the turmng f
the north end of the needle westward in Maine (increasing there
the western declination), was felt in Lower California (diminishing
there the eastern declination). In California, Oregon, and Wash-
ington Territory, the eastern declination is at present stil
iy, but with a losing rate. By the time the western elongation
of the secular change is reached in Maine, we may expect to see
the needle in the opjMsite phase, or at its eastern elono-ation in
California. We cannot as yet full

the interior of the United States for want of early observations;
the westernmost interior stations for which an epoch could be
made out were Buffalo, Erie, Cleveland and Detroit- these give
the average turning epoch 1794. It may be quite practicable
hereafter to trace out curves uniting all stations where the needle
was stationary at a given epoch, and again at other epochs for
regular intervals of time, say of ten or twenty-five years.
Keturning to the first table, the constant in each formula would

represent the normal direction of the needle about which the mo-

average cycle of al.on t two hu,ndred and seircsnty yet

d to the

US
1

•tio a either side of it equi coefficient of
the periodic te

,
all under the su/l; „, .•,;/;,,„ that the hi-«r of the

rested. It is lotibt n.uch more
complex, and he--id,- may fail s f;

present expert

trustworthy."
s- aches, and within the ii itervai w he,

is found
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2. Investigation of Corrections to Hansen!s Tables of the Moon ;
by S. Newcomb.—This memoir forms Part III of 'papers pub-
lished by the Commission on the Transit of Venus. For determin-

ing the longitude of the Transit Stations from moon oeeullations

it became necessary to determine the errors in the tables of the

moon which 13 years' observations and the discussions of earlier

data develop. It was already known that an unexplained correc-

tion to the moon's mean motion must be applied, that now
amounts to about 10". In addition to this and to several other

t Prof. Newcomb finds an empirical term necessary to

satisfv observations, the form of which is,

l",50sin.[(/+^r,r,(V-Is(i.Vl)],
where g is the mean anomaly, and Y the date in years. This term
is not yet explained in the theory of the moon.

3. KnobeVx lbfry nee C,//, /,',,,'//,,
,,f

,\.<t, -,,„,, m!<;il i',ir,rs a,,,

I

Researches.—We have received advance sheets of the Monthly
Notices of the Royal Astronomical Society for November, 1876,

which contains an important bibliographical paper by E. B.

Knobel, F.R.A.S., with the title above. The author has selected

various subjects of Stellar Astronomy, and has made nearly

exhaustive indices of the various memoirs and papers relating to

these published in the many astronomical and scientific periodi-

cals and in separate treatises. The subjects chosen are: (1.)

Double Stars, and the theory of Binarv Systems. (2.) Variable

Stars. (3.) Red Stars. (4.) Nebulas and Clusters. (5.) Stellar

proper motions. (»i.) Parallax and Distance of Stars. (7.) Star

Spectra. These are thoroughly and carefully indexed, Double
Stars alone having over 700 refer

full. There are about

V. Miscellaneous Scientific Intelligence.

1. Notes on Assaying and Assay-Schemes ; by Pierre de
Peyster Ricketts, E.M., Ph.D., etc. 172 pp. 8vo. New York.

1876.—Dr. Ricketts, Instructor in Charge of the Assay Laboratory

of the School of Mines, Columbia College, has embodied m this

work the system of assayin" practiced in the school which has

been develop . I> ( handler and his assistants. Every

such treatise is sure to add something to the common stock in its

department. The notes are systematic, and the assay-schemes are

clearly presented and specific. B- s-

2. Alcohol!,- Stron/thor'AHstntl!,',, W!„,-s.—From the report

of a commission appointed bv the Governor to inquire into the

alcoholic stivn.'tli of South' Au-tralian wines, and

authority of the House of Assembly (July. 1-71) at ,

appears that the amount of glucose in the mature -rapes ot that

province ranges from •>.-> to 30 per cent, and produces in the wine

an alcoholic strength of from 28 to 40 per cent of proof spirit.



88 Miscellaneous Intelligence.

One sample of must, prepared March 24, 1874, from the press of

Hon. Samuel Davenport, at Beaumont, gave a specific gravity at
70° F. of 1-HJ . \,ii , I, , in-,,,111^ to -- i _, mi- pi , <_ It. m it

glucose, and 20-743 per cent of absolute alcohol, or 44-522 of proof-

The average of 17 samples of must, pressed from the grapes bv
the two analysts, Messrs. Copins and Thomas, to avoid all chance
of falsification in the hands of the vintner, gave for the specific

gravity 1-1179: grape-sugar, 27-259=proof-spirit, 28-419 percent.
The maximum of sugar and proof-spirit in the 17 samples exam-
ined by these two chemists was found in the juice of the Frontiii-

nan grape grown by Mr. Gillard, at Norwood, namely—sugar,
32-165

;
proof-spirit, 33-505.

Mr. Francis, one of the analysts, says in his report, " the natural
- of this colony are capable of producing very strong

wines, which are more likely to exceed 26 per cent of proof-spirit

than otherwise, and that the fruit contains all the elements to set

up and complete fermentation to the full conversion of the sutrar

into alcohol without acetification."

From the colonies of Victoria and New South Wales we have a

report on the alcoholic stivn-th of 200 samples ..f wine, of which
38 were from the latter colony, in Albury district; 101 from Mar-

in Victoria, and the remainder from eight other wine
districts of the same colony. Messrs. Moody and Heath, govern-

rions. They
show, for New South Wales and the Murray district, a range of
proof-epirit from a minimum of 20 per cent to a maximum of 34,
the greater number ranging about 28.

The grapes cultivated are exclusively of European origin. The
toil sad climate are wonderfully well adapted to the growth of

bouquet and flavor, ad-
mired in the best European wines, are feebly and often not at all

developed in those of Australia made from the same grapes. Nor
is the gdut de terre~the result of a too rank soil and growth-
wanting in the Australian wines. In this respect and in intoxi-
cating power they much resemble the wines of California, b. s.

F. 15. Meek, the author of various elaborate works and memoirs
on American Faleontol >g V , Ue.l ,>„ the 22nd of December. An
obituary notice is deferred to the following numher.
David Fokbes, a learned geologist, Foreign Secretary of the

Iron and Steel Institute, one of the Secretaries of th I

Society of London, a Fellow of the Chemical and also of the
Royal Society, died on the 5th of December, aged forty-eight
yearse. He was a great traveller and resided for a while in Bolivia

ts mines and geology, which he
afterward p
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JOURNAL OF SCIENCE AND ARTS.

[THIRD SERIES.]

Art. VIII.—Astronomic, d Ohsermtion* on the Atmosphere of the

Rod;/ Uou,vui»s. , •
4..-I h i to 11,000 feet,

in Utah and Wyoming Territories and Colorado; by Heney
Deapeb, M.D., Professor of Analytical Chemistry and Physi-

ology in the University of New York.

Anyone who observes with a large telescope soon becomes

aware of the great obstacle atmospheric undulation offers to the

pursuit of astronomy, particularly in the application of photog-

raphy and the spectroscope. During two years when I photo-

graphed the Moon on every moonlight night at my observatory*

there were only three occasions on which the air was still enough

to give good results, and even then there was unsteadiness.

Out of 1,500 lunar negatives only one or two were really fine

pictures. A letter which the late Mr. Bond wrote to me states

that in seventeen years he had never met with a perfectly fault-

less night at the Cambridge Observatory.

Such facts naturally cause astronomers to consider whether

led to the C<
:l Smyth to

the Peak of Teneriffe ai <l Air. L; - to M tn. 1

it would seem that the only complete solution is to ascend high

mountain ranges or isolated peaks, and leave as much as possible

of the air below the telescope.

Having had occasion during the months of August and Sep-

tember, 1876, to go on a hunting trip with two distinguished

officers of the United States Army into the Rocky Mountains

* Professor Henry Draper's Observatory is at Hastings-on-Hudson, near New
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and Wahsatch range, I thought it desirable to carry a telescope

with a view of ascertaining whether there would be sufficient

inducement to return with my twelve-inch achromatic or twenty-

eight-inch reflector and make a prolonged stay. The experience
which Professor Young had had at Sherman station, on the

Union Pacific Eailroad, left the question open, for he suffered

from an unusually cloudy season, and, while he obtained very
gratifying results', he seems on the whole to have been disap-

pointed with the character of the atmosphere.
As the region into which the party proposed to go was diffi-

! and entirely without roads and much of the

to be on horseback, through fallen timber and
up precipitous places, it was not feasible to take an instrument
of any great size. I therefore contented myself with a small

achromatic of unusual excellence. Though of only one and
one-quarter inches aperture, it bears a power of upwards of

sixty completely, and I think would carry one hundred. It

was provided with a short brass tripod, holding an altitude

and azimuth movement, giving both steadiness and smoothness
of action. The eye-piece was capable of adjustment by a rack
and pinion, and the object glass was so arranged in its cell as to

be free from injurious compression. This little lens stands the

severe tests invented by Foucault, and in spite of its size is

capable of doing good work.
In such observations on the atmosphere as those proposed

during this trip, it is obvious that there are mainly two points

to be considered : first, freedom from tremor, and second, trans-

parency. A station which combines both is most desirable, but
a marked predominance of steadiness gives special advantages
for celestial photography while increase of transparency even
if accompained by unsteadiness is of value in eye observa-
tions. I had been led to suppose, from conversations with
Government officers and persons connected with the geological

and geographical surveys of the Territories, that the Wahsatch
range, which is intermediate between the Sierra Nevada on the

west and the true Rocky Mountains on the east, would offer

the greatest advantages. This supposition turned out to be
altogether incorrect, though it might have been argued that a

high range flanked at a distance on either side by other higher

ranges should have given the maximum chance for cloudless

and still skies.

We first went to Salt Lake City, which, according to the

Casella aneroid I carried, is at an elevation of 4,650 feet above
the sea. It lies at the foot of the Wahsatch range. At eleven
o'clock on the evening of arrival, August 25th, I took some
observations from the hotel, after carefully centering the object-

glass. Saturn looked about the same as on an ordinary
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night at my observatory. Capella, which was just clear of the

house-tops across the street, twinkled as badly both to the

naked eye and in the telescope as I have ever seen it at the sea-

level. Lieutenant Warren, of Camp Douglas (a military post

near the city) said there had been a heavy rain the week
previous and the air was more moist than usual. I had noticed

that the sun set among just such a bank of clouds as we are

accustomed to see in New York. I was somewhat prepared for

a tremulous condition in these high regions, because, the pre-

ceding niarht having stopped for a few minutes at Fort Steele,

on the Union Pacific Eailroad, I perceived that Antares

twinkled very much though we were nearly 7,000 feet above

the sea.

However, in order to make a thorough trial it seemed best to

ascend one of the high peaks of the Wahsatch, and accordingly

the Red Butte was selected. The officers at Camp Douglas

I the trip in everv wav, furnishing horses and a guide,

and the surgeon of the Post; Dr. Smart, who is an able and

scientific man, accompanied me. The peak proved to be 7,350

feet high. Though it was quite clear when we started, clouds

gathered in every direction as the sun went down, and at night-

... r ... gky was entirely overcast. Moreover, the wind blew so

strongly that it was necessary to retire over the brow of the

:. and eventually we returned to Camp Douglas. At
this point, 5,250 feet above the sea and about 600 feet higher

than S t Lake Citv, the telescope was set up to take advantage

of some breaks in the clouds, throng , i, h tl Moon. Antares,

<? Ursas Majoris and Jupiter appeared. With a power of only

twenty the twinkling was surprisingly great : I do not remember

ever to have seen it worse with mv large instruments.

These results led to an examination into the meteorology of

Salt Lake Citv, so as to find out the rainfall and its di--

and the percentage of cloudy days. Dr. Smart had the follow-

ing copy of the post records made for me

:

Table 1.—Rainfall and other Cloudy Days at Salt Lake City.
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immer. The cloudy days are 194 per annum,
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A former pupil of mine, and graduate of the University, Dr.

Benedict, informed me that the Mormons believed tl

had much increased since their community had settled in Utah,
and this seems to be borne out by the statement that whereas
formerly three gallons of Salt Lake water produced on evapora-
tion one gallon of salt it now takes four gallons to produce
the same quantity.

On the whole it is doubtful whether there would be enough
advantage in bringing a large telescope to this region to make
it worth while to encounter the labor and expense.
On August 30th, having taken an escort we moved south

from Fort Steele, latitude 41° 48', longitude 107° 09', along the

north fork of the Platte Eiver into the main range of the
Eocky Mountains. During the fifteen days' expedition there
were only two nights on which we saw clouds enough to pre-

vent astronomical working, and only one thunder storm of any
moment took place in our immediate vicinity; about one-
quarter of an inch of rain fell. The sky was rarely perfectly
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free from clouds and many local thunder storms occurred
about the higher peaks, but they seldom extended to the

plateaus below.

September 1st and 2d our camp was 8900 feet above the

sea in the vicinity of mountains rising 10,000 and 11,000 feet
These peaks seemed to be nearer than they really were, for the

transparency of the air causes estimates of distance to be decep-
tive. From the top of one I subsequently saw the Seminole
mountain which was 150 miles distant; it did not appear to be
50 miles away. The night of Sept 1st was quite clear, with
very little cloud, and the atmosphere remarkably tranquil.

Ankres, when near setting, hardly twinkled at all, and Arc-
turus in the telescope exhibited four diffraction rings unbroken
by flickering. The central disc was as hard and sharply de-

fined as the pinhole in the lamp screen I am accustomed to

use in testing specula and lenses. I looked for the companion
of Polaris, but partly on account of the nearly full Moon, and
partly from the thickness of the diffraction rings, I could not be
sure of it. The Moon was perfectly steady ; with a power of

60 there was no trace of twinkling at the terminator. I tried

to see Titan, the largest satellite of Saturn, but did not succeed.

At the time it was not certain whether this failure was due to

the position of Titan with relation to Saturn, or whether it

arose from the blinding effulgence of the Moon. Capella was
perfectly steady though there was a slow change of color

from bluish to reddish occupying about a second.

The succeeding night at nine o'clock, though the sky was
mostly covered with cumulus clouds in motion southward, I

was surprised to find the terminator of the Moon absolutely free

from twinkling, and An-mms down among the tops of the

dead aspen trees as steady as possible. The four diffraction

rings round the central disc were not perfectly circular, but

that was the fault of the lens. Every defect of centering or of

surface, and any vein in the glass comes out even more clearly

than in the workshop examinations, because while the air is as

steady the light is far more intense.

I am certain if a large telescope could be brought here and

maintained is winds great results might be

attained if there is much of this weather. But this particular

place is difficult of access and possibly no better than other

situations on the line of the railroad. The sky is not as black

as I had expected; it is rather of a light blue, though the full

Moon makes much difference.

On several other nights in both lower and higher places I

made observations but never saw the combination of -

and transparency again. On the plateaus at the foot of the

mountains and away from the groves of aspen trees and pines
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the sun sends down scorching rays all day long on the alkali

plains where only sage plants aie sparsely scattered and even
on horseback one can see the heated waves rising from the

ground. The air is far from being moist for the lips are apt to

crack and bleed, and the mucous membrane of the nose is

parched. "When the sun sets the ground radiates rapidly, and
we frequently had by morning one-quarter of an inch of ice in

our vessels of water standing outside the tents. These plateaus

are on an average about 7250 feet above the sea. The mere
fact of broken ground and wooded surroundings does not

however suffice to produce, even at this season, a tranquil ;iir.

for when we rode over the Rocky Mountains along the margin
of perpetual snow to the headwaters of Snake River, and
camped at Trout Lake nearly 10,000 feet high, though the air

was exceedingly transparent it was very unsteady. I rose at

four A. M. to see Yenus, and her splendor was so great that it

led to a most delusive estimate of her apparent size. Occa-

sionally during clear frosty weather in midwinter a night of

similar characteristics is seen at m}' observatory. On such an
occasion I obtained at the principal focus of the 15£-inch re-

flector a photograph of the Moon near her third quarter in less

than a second.

The officers of Fort Steele and the guides say it would be im-

possible to do any astronomical work in this region from the

middle of October till the middle of May, that is, for seven
months. The fierce winds, heavy falls of snow and intense

cold would be unbearable. Even "in the beginning of Septem-
ber we needed large camp fires in the morning and evening.

Our camp at Trout Lake could only be reached for six weeks
in summer on account of the depth of snow in the fallen timber.

On the whole it may be remarked of this mountain region

that the astronomical condition, particularly for phot
researches, is unpromising. In only one place were steadiness

and transparency combined, and only two nights out of

fifteen at the best season of the year were exceptionally
fine. The transparency was almost always much more
marked than at the sea level, but the tremulousness was as

great or even greater than near New York. It is certain that

during more than half the year no work of a delicate < iiunic-

ter could be done. At the end of August in sheltered

positions, and in good tents, we slept under half a dozen thick-

nesses of blanket and only partially undressed. Such a degree
of cold distracts the mind and numbs the body. Apparently*
therefore, judging from present information, it would not be
judicious to move a large telescope and physical observatory
into these mountains with the hope of doing continuous work
under the most favorable e'
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Art. IK.—Photographs of the Spectra of Venus und a Lyra.

Note by Prof. Henry Draper, M.D.*

Since the spring of 1872 I have been making photographs of

the sneetnl of the stars, planets and Moon, and particularly,

among the stars, of a Lyra and a Aquilse with my 28-inch

reflector and 12-inch refractor. In the photograph of a Lyra-,

hands or hroad lines are visible in the violet and ultra-violet

reo-iou unlike anything in the solar spectrum. The research is

and consumes time, because long exposures are neces-

sary to impress the sensitive plate, and the atmosphere is rareiy

in the best condition. The image of a star or planet must be

kept motionless for from ten to twenty minutes, and hence the

driving clock of the telescope is severely taxed.

During last summer I obtained good results, and in October

took photographs of the spectrum of Venus, which show a large

number of lines. I am now studying these pictures, and have

submitted them to the inspection of several of my scientific

friends, among others Professors Barker, Langley, Morton aud

Silliman. There seems to be in the case of Venus a *"**«

of the spectrum toward H and above that line, of the s

acter as that I have photographically observed to tak

the spectrum of the Sun near sunset

New York, December, 1876.

Art. X.—On Dinitroparadibrombenzols and their Derivatives ;

by Dr. Peter Townsend Austen. Second Paper.

Tue separation of the three isomeric dinitroparadibromben-

zols I have already described in a previous paper,f .

The residue from the separation of the a- and ^-isomers

consisted, for the most part, of ^-dinitroparadibrombenzols,

which forms the chief product of the nitntion. Inese resi-

dues were collected and, after several crystallizations from car-

bon disulphide, were recrystallized from glacial ttc

After six crystallizations, 'the fusing point remained constant.

Betadinitroparadibrombenzol.
- betadinitroparadibrombenzol crystallizes from its solu-

carbon disuV V'^d and peculiarly

-r. -^ :i„ „~i„wu in t.hpi usual solvents,
tsily soluble

rinted on the third p
>r of the January nui

ber, and is here reproduced without change.—Ei

t This Journal, voL xii, 118, 1876.
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especially in glacial acetic acid, carbon disulphide, acetic

ether,* alcohol, etc.

It fuses at 99°-100°t to a yellowish liquid. 0-2940 grras of
substance gave 0-0330 gnus, of [1 = 0, and 0-2418 grms. of CO 2

.

Calculated for C 6H»(N0 2
)
!Br 2

. Found.J
C=22-08 22-43

H= 061 124
The compound is somewhat volatile. Inspiration of its

vapors occasions an intense inflammation of the mucous mem-
branes. An alcoholic solution, when brought upon the skin,

excites itching, smarting, and inflammation accompanied by
subsequent peeling off of the skin. A minute quantity
brought in contact with the eye causes a sharp pain lasting sev-

eral days. On the more sensitive skin of the face it gives rise

to a smart which, after it has attained a maximum, suddenly
vanishes. It is hence a powerful excitant.

* It is very striking that nearly all substances which are soluble in glacial

not quite free from the isomei pa ration of the last traces of

Jv difficult. The greatest care is also necessary in the

from glacial acetic acid, while two ra poved that two-
thirds of the mixture consist ig at 136°.

1 1 have rarely analyzed a substance which was so refractory during combus-

pound, as well as of many other substances encountered in this ir,vestigation,Ihave

has of late found

employed it, in most cases, in p

2mmTh°aym
e

'

b
^

r°™
°f *picute (length about 1 0mm., di:

mortar with lead chromate to w
wards added, and the whole agi

the tube, the mortar is well washed out with a mixture of oxide and chromate
i added to the contour, of t<- imbe. The tube is

tk end so that the

be is rapped longi-

tudinally. The heavy pulverul
channel filled with a net-work o ve to pass through

surface. Loss by
sublimation is entirely avoided, sarily be deposited
on the spicuhe and by them be completely oxidized. In case the compound con-
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Betadinitroparabromaniline.

By heating the betadinitroparadibrombenzol with alcoholic

ammonia for eight hours in a closed tube at 100°, I obtained a
deep red solution, from which a large mass of red scales sepa-

rated on cooling. The solution was poured into cold water,

and the resulting yellow precipitate dissolved in boiling abso-

lute alcohol which contained animal charcoal, filtered, and
allowed to stand. The pure substance obtained in this manner
formed orange-ivd scales fusing at 160°.*

0-3010 grms. of substance gave 0-0506 grms. of H 2 and
0-3044 grms. of CO 2

.

0-24 grms., after the method of Carius, gave 0-148 grms. of
AgBr and 0-0027 grms. of Ag.

Calculated for C 6H 2(NO') 2NH 2Br. Found.

C=27-48 27-58

H= 1-52 1-86

Br=30-53 30-90

The substance is easily soluble in boiling alcohol and glacial

acetic acid. It is almost insoluble in water, and entirely so in

carbon disulphide.

It is not acted upon by boiling amyl nitrite, although in a
closed tube at 100° the substances react. No defined product
was obtained, which, however, was more probably owing to the

small amount of substance used than to the absence of a dini-

trobrombenzol.
Strong alcoholic ammonia remained at 200° without action

upon it. This, however, was not surprising, since, according

to Meyer and Wurster,t only one bromine atom of the mono-

nitroparadibrombenzol can be substituted by direct action of

ammonia. A somewhat similar case is recorded by Armstrong.^
He found that the chlorine atom of dinitrochlorphenol was
not affected by ammonia. The weakening action of the nitro-

groujis may, perhaps, here be overcome by the formation of the

-

-

When boiled with alcoholic potash the substance evolves

ammonia, but the nitro-groups appear to be affected, and a

general decomposition is the result.

Betadinitroparabromanilidobenzol.

On treating the betadinitroparadibrombenzol with aniline,

the mass assumed a fine red color. On heating a violent reac-

tion ensued, and the mixture boiled of itself. The
was allowed to cool, and then treated wit!

acid. An oil separated and gradually solidified. The dark

* It is worthy of notice that the fusing point of this compound (160°) is nearly

t BeTdfd. chem.
t

G^s
a

!

P
v'!

a

6^2!

trOPa
'

"""
^hem. Soc. J., (2), x, 12.
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violet mass was several times well washed with water, and then
dissolved in boiling absolute alcohol containing animal char-

coal, filtered, and allowed to crystallize. The substance forms
superb orange-red fine hairy needles fusing at 120°. They are

soluble in boiling glacial acetic acid and in alcohol.

0-2885 grms. of substance gave 0-0684 grms. of H 2 and
0-4444 grms. of CO 2

.

0-1685 grms. after the method of Carius gave 0-0910 grms.

of AgBr and 0"0016 grms. of Ag.

Calculated from the formula

—

<:
;-ii^

C =42
H = 2

Br=23

42-64

2-67

The preceding

fuming nitric a

quickly with a v

It dissolved

23-56

irabromdinitroanilidobenzol.

compound was added in small portio

id at a temperature of +12°.

eak action, the color of the solu'

suiting solution was poured into cold water,

and the bright yellow powder which separated was crystallized

from boiling glacial acetic acid. The substance forms small

brownish yellow scales, which fuse at 167-5°.

0-2057 grms. of substance after the method of Carius gave

0-0552 grms. of AgBr and 0-0035 grms. of Ag.

The formula

—

( "IP

NO*
NO2

NH.C«H 3(N02
)
2

requires 18-69 Br ; 18-81 was found.
The compound is easily soluble in boiling glacial acet

acid, but with difficulty in alcohol. If it be warmed with

solution of sodic hydrate, it f

red solution, from which, after

separation of glittering red an
place. This compound I take 1

dinitroanilidophenvlate

—

fNO2

C«H2 J ^°
8

jediately a deep blood

minutes have-elapsed, the

en dichroic needles takes

a sodium betadinitropara-

y of Berlin, July 1!
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Dr. J. H. Gilbkb'
i with Vegetation ; by

[(Vmt n page 32.]

Amount of nitrogen assimilated by plants.—Let us now recur

to the question of the various amounts of nitrogen assimilated

over a given area by plants of different natural orders, and call

attention to the facts bearing upon the point which these

experiments on the mixed herbage of grass land have supplied.

Table IV".— Yiel of Pa;

"~ ac
V'

r
'~.

'vsvzssr

§ # #°S£ 1SS? i:z:

TJnmanured

BfaL Manure, t
Complex Min. Manure4 l Zt 1 li

iii

In Table IV. is i

of hay) in lbs., per
"3 of the gramin

i the average produce (in the condition

per annum, over twenty years, of herb-

family, of herbage of the l< _

family, and of herbage of other order.-, cm'.:

-of each of these, determined in ?«•

at six pertods, namely, in 1862, 1867, 1871, 1872, 1874, and

1875, in samples of the produce of four of the plots \vh

received no nitrogenous manure from the commencement:

and there is also given, by the side of these results, the average

annual yield of nitrogen 'per acre over the first ten, the second

the total period of twenty years, in each case.

The quantities ot nitro n viebl 1 r. cnlculated from the

results of actual determinations of the nitrogen in the mixed

produce of the respective plots ; but the esth

tity of the produce referable to the different Natural Orders

must be taken as only giving a general indication or an

approximation to the truth; for, while the amount of tne

total mixed " f the twenty years,

rations only, namely, 1!
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the amount of it referred to the different orders is calculated

upon their percentage determined in six years only, four of

which are among the last five, and the fluctuation according

to season is in some cases very considerable, while in others there

is a progression in the changes, which render an accurate

estimate of the average botanical composition of the herbage
over the whole period impossible. The figures do, however,
undoubtedly represent the truth sufficiently nearly for our
present purpose. But before referring to the yield of nitrogen,

it may be remarked, in passing, how much greater is the

increase of gramineous produce by the use of purely mineral

manures in this mixed herbage than in the case of gramineous
crops grown separately. The interesting question arises, how
far the result is due to the direct action of the mineral manures
in enabling the grasses to form much more stem and seed

—

that is, the better to manure—which, as a matter of fact, they

are found to do? or how far the increased growth is to be

explained by an increased accumulation of combined nitrogen

available for the grasses in the upper layers of the soil, as the

result of the increased growth of the Leguminosse induced by
the potass-manure, as already illustrated by the results obtained

in alternating clover and barley, and in an actual course of

Eeferring to the yield of nitrogen, it is seen that, without

manure, it has diminished during the last as compared with

the first ten years ; but that the average is thirty-three pounds
per acre, per annum, or considerably more than with a gramin-

eous crop grown separately.

With super-phosphate of lime alone, the yield of nitrogen

over the first ten, the second ten, and the twenty years, is very
nearly the same as without manure. It is slightly higher as

is also the total amount of produce; but while the quantity

contributed by gramineous species is rather more, that yielded

by leguminous species is less, and that bv species belonging to

Other orders more than without manure.
With super-phosphate of lime, and sulphates of potass, soda

and magnesia, during the first six years, but no potass during

the last fourteen years (plot 8), the amount of both gramineous
and leguminous herbage is very much increased; ami that of

the leguminous produce was especially so during the earlier

years. The result is a yield of 55*4 lbs. of nitrogen per acre,

per annum, over the first ten years, of only 381 lbs. over the

second ten years, and of 46'3 lbs. over the twenty years.

With the complex mineral manure, including potass each

year throughout the period of twenty years (plot 7), legumi-

nous species contribute about one-fifth of the whole produce,

or very much more than in either of the other cases. The



J. H. Gilbert— Points in connection with Vegetation. 101

result is an annual yield of 55 -2 lbs. of nitrogen over the first

ten years; of even slightly more, or fifty-six lbs., over the

second ten years: and of 55-6 lbs. over the whole period of

twenty years—that is, considerably more than twice as much
as would be yielded by a gramineous crop grown separately

on arable land. It may here be observed that, while in the

case of the first three plots referred to, the produce of the

mixed herbage diminished over the second as compared with
the first ten years, that of plot 7, with the potass manure, and
so much leguminous herbage, increased slightly over the sec-

ond compared with the first ten years. Finally, it may be
remarked on this point, how comparatively uniform is the

average yield of produce by all other species other than the

gramineous and the leguminous on the four very differently

manured plots.

Here again, then, the results relating to the growth of species

of many different natural orders growing together, like those

relating to the growth of individual species grown separately,

show that those of the leguminous family, and probably those

of various other orders also, have the capacity of as-

much more nitrogen over a given area than species of the order

Assuming for the sake of argument that the yield of nitrogen

by the Gramineas grown separately may be explained, as already

suggested, by reference to the amount of combined nitrogen

acquired from the measured aqueous deposits from the atmo-

sphere, together with that condensed within the pores of the

soil, and that derived from previous accumulations within it,

the question arises, can the gres i by other

plants be so accounted for? or, if not, how otherwise may it

be explained ? We will endeavor to weigh the evidence bear-

ing upon this point.

Is the combined nitrogen in the atmosphere the source of the asaim-

ilated nitrogen ?—It so happens that the plants which do gather,

or which have been supposed to gather nitrogen more readily

than the Graminese, have obviously a different character of

foliage; as, for instance, the "root crops"—turnips and the

like; and the leguminous crops—beans, pets, clover, etc. An
obvious explanation, therefore, which will be found in books
of authority, is that these so distinguished "broad leaved

plants" have the power of taking up nitrogen in some form

from the atmosphere, in a degree, or in a manner, not possessed

by the narrow-leaved gramineous plants. It is true that

Adolph Mayer in Germany, and Schlosing in France, have

experimentally shown that plants can take up nitrogen by
their leaves from ammonia supplied to them in the ambient
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atmosphere. But I think I am right in saying that the con-

clusion of both of these experimenters is that this action takes

place in a very immaterial degree in natural vegetation.

In reference to this subject, I may observe that the results

of the determinations of the ammonia in the atmosphere by-

different experimenters, and in different localities, vary very

greatly; and it may be concluded that a shower of rain will

wash out much of it. According to M. Schlosing's statement

of the results of his recent determinations of the ammonia in

the air of Paris (Compt. Eend., lxxxi, p. 1252 et seq.), it ranges

from one part in about 12,500,000, to one part in about

260,000,000 of air by weight If, for the purpose of illustra-

tion, we assume that, on the average, the ambient atmosphere

in the open country—in Europe, at any rate—will contain one

part of ammonia in 60,000,000 of air, or one part of nitrogen

as ammonia in about 50,000,000 of air, the atmosphere would
thus contain more than 8,000 times less nitrogen as ammonia
than carbon as carbonic acid. But cereal crops contain one

part of nitrogen to about thirty of carbon, and leguminous

crops, one of nitrogen to fifteen, or fewer, of carbon. On these

ons, the ambient atmosphere would contain a pro-

portion of nitrogen as ammonia, to carbon as carbonic acid,

about 267 times less than that of nitrogen to carbon in cereal

produce, and about 534 times (or more) less than that in legu-

minous produce. It is true that water would absorb very

much more nitrogen as ammonia, or dissolve very much more

as carbonate or bi-carbonate of ammonia, than it would of

cArbon as carbonic acid under equal circumstances. Hence,

there would appear to be a compensating quality for die small

actual and relative amount of nitrogen as ammonia in the

atmosphere, in the greater solubility or absorbability of the

compounds in which nitrogen exists, than of the carbonic acid

in which the carbon is presented. Further, it can hardly be to

merely a greater extent of leaf or above-ground surface that the

result could be attributed. Thus, though a bean and a wheat

crop may yield about equal amounts of dry matter per acre,

the bean produce would contain from two to three times more

nitrogen, and approximate measurements show that a wheat

plant offers a greater external superfices in relation to a given

weight of dry substance than a bean plant, and greater still

therefore in relation to a given amount of nitrogen fixed. If,

then, the bean can in some way take up more nitrogen from

the atmosphere than the wheat, the result must be due to

character and function, rather than to mere extent of surface

above ground. It may, however, be observed that, as a rule,

even those of the leguminous crops which are grown for their

ripened seed, maintain their green and succulent surface, over
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a more extended period of the season of active growth, than

do the gramineous corn crops.

It may safely be asserted, then, that neither direct experi-

mental evidence, nor a consideration of the chemistry and the

physics ol the subject, would lead to the conclusion that the

plant- which assimilate more nitrogen over a given area than

others, do so by virtue of a greater power of absorbing by

their leaves combined nitrogen from the atmosphere in -the

form of ammonia. And here it may be said in passing that

the argument would be still stronger against the supposition

that nitric acid in the atmosphere supplies directly to the

leaves of plants any important amount of the nitrogen they

a« I it

But apart from the more purely scientific considerations

bearing upon the question, we believe that our statistics of

nitrogen- production are themselves sufficient to justify the con-

clusion that, at any rate, the "broad-leaved" root-crops, turnips

and the like, to which the function has with the most confidence

been attributed, do not take up any important proportion of

their nitrogen by their leaves from combined nitrogen in the

atmosphere. Thus, it has already been shown, that the yield

of nitrogen in these crops, even with the aid of complex min-

eral manures, was in the later years reduced to a lower point

than that in any other crop ; the percentage of nitrogen in the

upper layers of the soil was also reduced to a lower point than

with any other crop. The evidence of this kind is, however,

admittedly not so conclusive in regard especially to plants of

the leguminous family.

Is the free nitrogen of the atmosphere the source of the a

nitrogen?—But as about four-fifths of the atn osph. r< .
hi< h sur-

rounds the leaves of plants consist of free nitrogen, w!

not this be a source to them of the nitrogen they require? To

assume that it is so is such an obvious and easy way out of so

many difficulties, that this assumption has from time to time

been freely made, and much experimental inv, -:

been undertaken on the point with the most conflicting results.

It is now nearly forty years since Boussingault showed that

there was a greater assimilation of nitrogen over a given area

in a rotation of crops than he could well account for; and

almost from that time to this he has been occupied with inves-

tigations of very various kinds, sometimes on the atmosphere,

sometimes on meteoric waters, sometimes on plants, and some-

times on soils, the main object of which has obviously been to

throw light on the question of the sources of the nitrogen of

vegetation. And almost for as long a period as Bon

Mr. Lawes and myself have devoted much thought and mves-
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On this point, of whether or not plants ass

nitrogen of the atmosphere, leaving out of v:

time and space, the experiments and conclus

others who have worked on the subject on a less comprehen-

sive scale, I will first briefly direct attention to the most com-

prehensive series of experiments, the results of which led the

author to conclude that the free nitrogen of the atmosphere is

the leaves of plants.

During the years 1849, 1850, 1851, 1852, 1854, 1855, and

1856, M. G. Ville, of Paris, made numerous experiments
this subject His plants were

g

case, and his soils consisted of \

and brick, or sand and charcoal,

plied with a current of unwashed
of washed air, and they were somel

a known quantity of ammonia wa
apparatus, and sometimes known
supplied to the soil. Lastly, a g
experimented upon. M. G. Ville's

Table V, below.

3nerally enclosed i

ashed and ignited s

They were somet
lir, sometimes with

r of the

triety of plants

r of M. G.
'

1849: Owren t,fn.ro ashed air supplying 0-001 grams Nitrogen <u Amnwnia.*

Cress

0-1550 1 iE
1

S3 Lupins:

Colza (plants)

H II II
"Kye—

in
i

a Vegetation, par M. (
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1852: Curr nt of washed a

£ffig% ::.;:::

II
Hi Hi

1luZer colzL"::::::

1854 : Currer t of washed air (u nder superintendence of a Commission).

I Cress I 0-0099 S "SB |
B

|

Cresi* 0-0039

racfer superintendence of a

1855 andl856: JfeJn»a<f.wM0 3 grams Nitre =0-069 Nitrogen.%

1

Colza 1 0-0700 1
0-07008 1 0-0000 1 1-0 [

|C°lza -| 0-0700
1

00680§
1

-0-0020 j 1-0 |

1855 and 1856 : In free air, u ith 1 gra n Nitre =0-138 Nitrogen.%

0-1400 11 HI: 1
IS 56: In free air, with 0-7 92 grams Nitre =0-1 Nitrogen*

Wheat
0-1260 olllll o

0920 1 1-7 j

v, I,,, air, with 1- 2 grams Nitre =0-23 8 Nitrogen*

1 0-2590
|

0-3080§ 0490 | 1-2 |

air, with 1- 65 grams Nitre =0-244 Nitrogen.*

IWheat.. 1

o'-2650

1 0-2l70| 1
-( 0480 | 0-8

|

0850
J

1-3
1

* Recherches Experimental a Vegetation, par M. Georges Ville.

ties Experimentales sur la Vegetation,
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We have already discussed the results of M. G. Ville, as well

as those of others, in a paper published in the Philosophical

Transactions for 1859, and in a somewhat condensed form in the

Journal of the Chemical Society, vol. xvi, 1863 ;
and we can

only very briefly refer to them in this place. The column of

actual gain or loss of nitrogen is seen to show in one case a

gain of more than one gram of nitrogen ; the amount of it in

the products being more than forty-one fold that supplied as

combined nitrogen in the seed, and air. This result was ob-

tained with colza. Those obtained with wheat, rye, or maize,

showed very much less of both actual and proportional gain.

Experiments with sunflower and tobacco showed a less actual

gain than that with colza ; but still it amounted in one case,

with sunflower, to more than thirty, and in two, with tobacco,

to more than forty-fold of that supplied. In M. G. Ville's ex-

periments (as a glance down the last two columns in the table

will show), although he still had generally some gain, it was

usually both actually and in proportion to the quantity sup-

plied considerably less than in his earlier ones.

M. G. Ville attributed the gain, in some cases, to the large

leaf-surface. In explanation of the assimilation of free nitro-

gen by plants, he calls attention to the fact that nascent hydro-

gen is said to give ammonia, and nascent oxygen nitric acid,

with free nitrogen, and he asks, " Why should not the nitro-

gen in the juices of the plant combine with the nascent carbon

and oxygen in the leaves?" He refers to the supposition of

M. De Luca, that the nitrogen of the air combines with the

nascent oxygen given off by the leaves of plants, and to the

fact that the juice of some plants (mushrooms) has been

observed to ozonize the oxygen of the air, and he asks, " Is it

not probable, then, that the nitrogen dissolved in the juices

will submit to the action of the ozonized oxygen with which it

is mixed, when we bear in mind that the juices contain alka-

lies, and penetrate tissues, the porosity of which exceeds that

of spongy platinum ?"

The experiments of M. Boussingault, and of ourselves, on

the other hand, have not given an affirmative answer to the

question whether plants, by their leaves, take up and assimi-

late free nitrogen of the air.

M. Boussingault commenced his experiments on this subject

in 1837, and Table VI, which follows, summarizes bis results,

obtained at intervals from that date up to 1858.
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M. Boussingault's soils consisted of burnt soil, washed and

ignited pumiee, or burnt brick ; liis experiments were some-

times in free air, sometimes in a closed vessel with limito<l air,

sometimes with a current of washed air, and sometimes in free

air, but under a glass case. "When the plants were enclosed, a

supph ot < ill acid was provided, and in a few cases

known quantities of nitre were supplied as manure.

The last two columns of Table VI show the actual and

proportional gain of nitrogen in M. Boussingault's experiments.

It will be observed that in his earliest experiments, those in

free air, in a summer-house, the leguminous plants, trefoil and

peas, did indicate a notable gain of nitrogen ;
but in all his

subsequent experiments there was generally either a slight loss,

or, if a gain, it was represented in only fractions, or low units,

of milligrams. After twenty years of varied and laborious

-mil of the subject," M*. Boussingault conclude.; that

plants have not the power of taking up and assimilating the

free nitrogen of the atmosphere.

Our own experiments on this subject were commenced in

1857, and the late Dr. Pugh, of the Pennsylvania State Agri-

cultural College, devoted between two and three year- to the

investigation at Bothamsted. Mr. Lawes has contributed on«

complete set of the apparatus employed to this e

The arrangement, and the results obtained up to that date,

* Ann. Ch. Phys., Ser. HI. xliii, (1855). % Compt. rend., ilvii, (1858).

% Nitrogren in seed and nitrate.
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are fully described in the papers already referred to, published
in the Philosophical Transactions for 185ft, and in the Journal
of the Chemical Society in 1863. They may be briefly de-

scrihed as follows:

—

The soils used were ignited, washed, and re-ignited, pumice,
or soil. The specially made pots were ignited before use, and
cooled over sulphuric acid under cover. The pots, with their

plants, were enclosed under a glass shade resting in the groove
of a specially made hard-baked glazed stone-ware lute-vessel,

mercury being the luting material. Under the shade, through
the mercury, passed one tube for the admission of air, another

for its exit, and another for the supply of water or solution* to

the soil ; and there was an outlet at the bottom of the lute-

vessel for the escape of the condensed water into a bottle

affixed for that purpose, from which it could be removed and
returned to the soil at pleasure. A stream of water being

allowed to flow into a large stone-ware Wolff's bottle (other-

wise empty), air passed from it through two small glass Wolffs
bottles containing sulphuric acid, then through a long tube

filled with fragments of pumice saturated with sulphuric acid,

and lastly through a Wolff's bottle containing a saturated solu-

tion of ignited carbonate of soda; and, after being so washed,

the air ente from which it passes, by the exit

tube, through an eight bulbed apparatus containing sulphuric

acid, by wh i with the unwashed external air

is prevented. Carbonic acid is supplied as occasion may re-

quire, by adding a measured quantity of hydrochloric acid to

a bottle containing fragments of marble, the evolved gas being

passed through one of the bottles of sulphuric acid, through

the long tube, and through the carbonate of soda solution,

before entering the shade.
It will be observed that, by the arrangement described, the

washed air is forced, not aspirated, through the shade, and the

pressure being thus the greater within the vessel, the danger of

>i unwashed air from without inward is lessened. In

1857, twelve sets of such apparatus were employed ; in 1858 a

larger number, some with larger lute-vessels, and shades; in

1869 mx, and in 1860 also six. The whole were arranged, side

by side, in the open air, on stands of brick-work, as ,.

in the papers referred to, and shown in the apparatus

Drawings of some of the plants grown were also exhibited, and

the published results are summarized in Table VIL
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part of the table shows the results obtained in

1858 in the experiments in which i o combined

is supplied beyond that contained in the seed sown.

dw extremely restricted was the growth

jonditions, and the figures in the table show that

Graminese, the Leguminosse, nor with buck-

in any case a gain of three milligrams of

snts were conducted in the apparatus of M. G. Ville.
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nitrogen indicated. In most cases there was much less gain

thanlhis, or a slight loss. There was in fact nothing in these

results to lead to the conclusion that either the Gramineae, the

Leguminosae, or the buckwheat had assimilated free nitrogen.

The lower part of the table shows the results obtained in

1857 and 1858, in the experiments in which the plants were

supplied with known quantities of combined nitrogen in the

form of a solution of ammonium sulphate applied to the soil.

The ii.un- or losses unue n little higher in these experiments,

in which larger quantities of nitrogen were involved, but they

are always represented by units of milligrams only, and the

losses are higher than the gains. Further, the gains, such as

they are, are all in the experiments with the Graminea?, while

there is in each case a loss with the Leguminosae, and with the

buckwheat. On this point it should be stated that the growth

was far more healthy with the Graminese than with the Legu-

minosae, which are even in the open fields very susceptible to

the vicissitudes of heat and moisture, and were found to be

extremely so when enclosed under glass shades. It might be

objected, therefore, that the negative result, with the Legumi-

nosae are not so conclusive as those with the Gramineae. How-
ever this may be, taking the results as they stand, there is

nothing whi tead to the conclusion that either

the Gramineae or the Leguminosae can take up and .

-

the free nitrogen of the atmosphere. We, indeed, do not hesi-

tate to conclude from our own experiments, as Boussingault

did from his, that the evidence is strongly against the supposi-

tion that plants can so avail themselves of the free nitrogen of

the atmosphere.
Independently of the action suggested as possible by M. G.

Ville, that is between free nitrogen and nascent or ozonized

oxygen within the plant itself, it has been supposed that the

frpp nitrogen of the atmosphere may unite with the nascent

SB, or ozone, as the case may be, evolved by the plant,

yield nitric acid. In our papers above referred to we

nave given reasons for supposing that such actions are not

likelv to take place; but whether they do or do not, it is at

any rate certain that in our own experiments we have not been

able to persuade plants to avail themselves of this happy

faculty of producing their own nitrogenous food. With regard

to the action supposed possiblv to take place externally to the

plant itself, if it were
'

should expect some, at

gen to be collected i

phere; but we have seen how ir

combined nitrogen in those deposits to account for the yi

nitrogen, even of the Gramineae, and still less can it sa

torily explain the yield in the Leguminosae and other plai

[To be continued.]

::



-The Orbit of the planet Urdu.

Art. XII—On the Orbit of the planet Urda (167) ; by C. H. F.

a (167). App. rf(167).

Aug. 28, 14 18 21 21 58 32'22 -11 23 41-2

" 30, 13 35 16 21 57 2'27 -11 33 23"3

Sept. 12, 12 48 43 21 48 ]6'70 -12 31 14-2

" 15, 12 19 28 21 46 38"63 -12 42 24'8

It seems that the planet has not been seen anywhere else

;

and the orbit therefore had to be evolved from the foregoing

observations alone, however unequally distributed over an in-

terval of only eighteen days. I succeeded by computing lirst

a circular orbit, which served for freeing the observations from

aberration and parallax, and then using of the eight data the

four longitudes and the two extreme latitudes. The final

ellipse arrived at is the following:

fl= 170°

i= 1°

cp= 18° 10'

/j=614-475
r

log a=0-5O7668.

Of these elements, three,

axis, bear a remarkable rese

Moreover, the element of the

so short an arc in our orbit, re

!, though

2"+ 50 24" (t. -1876).
•4"_|_49-25"

(
t . -1876).

•5"- 0-47" (t. -1876).

ncliiiation and major

those of Gerda (122).

', as it is derived from

ecessarily very uncertain.

degree, and for

reason, with the position of the apsides, or the longitude of peri-

helion. Only the remaining 6th element, therefore, can decide,

whether the "two planets are identical. Now, for the same epoch

we have for Gerda L=168° 46', and as the correctness of Mr.

Stockwell's computations of Gerda are fully confirmed by ob-

servations upon this planet made at Berlin in April last, it is

proved that Urda is distinct from Gerda.

The fact of two planets moving in the same plane, with the

same time of revolution, having also the line of apsides in com-

mon (our elements, if correct, show a longitude of perihelion

nearly 180° distant from Gerda's), but with a widely different
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s worthy of note. And it is therefore s

t Urdu should not pass unnoticed in

dch will occur in January, 1878, and v

of the 12-7 magnitude.

vatory of Hamilton College, Jan. 6, 1817.

by

" Foe one to know, is nothing, unless others also may know,"
is an aphorism of modern progressive science; for it is only
from what has been attained that stop by step further progress
may be made. This it is which impels the writer to offer some

ifions on the principles of compensation in chronome-

It may be assumed as an axiom of general application, that

an error sliould be avoided whenever it is possible, rather than

compensated
;
yet this plain axiom is disregarded in the com-

pensation balance, in two respects
1st. What is the action of the laminated rim as affected by

change of temperature? The end of the arm is commonly re-

garded as a fixed point, which it is not; for its distance from
the center is changed by change of temperature ; and whatever
weight is here, if its distance from the center is changed, that

change must be compensated at the other end of the segment

;

and therefore this is not the place for mean-time screws; while

between these two ends of the segment, there must be a point

whose distance from the center undergoes little or no change,

and where its weight requires no compensation for change of

temperature. This point of uniform distance from the center,

when ascertained, should therefore be regarded as the fixed
point; and if the compensation required were only for the

changes in the balance itself, it would be absolutely perfect

;

for as the one end of the segment recedes from the center, the

other approaches it—the one merely taking the place of the

Other; and this would be in effect true whether the ends were

equidistant t nt w- 1 point or not—the longer segment re-

quiring only the less weight. It is the attempt to compensate,
in the balance, for changes in the length and elasticity of the

v for a secondary compensation.

Thisprin sbeeuprao-
fcksedin | ss, by Henry
B. James, of Trenton N. J, for some years. He attaches the

outer end of the balai, - r ie arm of a laminated

convolute, which, at the samelime that it compensates, more or



less, for changes in the spring, permits a more free movement
of the balance; while, parting the rim of a balance having

equal thicknesses of brass and steel in its structure, at a dis-

tance of one-sixth of its circumference from the arm, he

assumes the middle of the longer portions, and the free ends of

the shorter, as places where weight requires no compensation,

the longer portions carrying on their free ends only a moderate

weight for the compensation needed.

2d. The work performed by the balance near its center of

motion is a source of error that has been generally neglected.

It is a settled principle of dynamics, that "if a body revolving

on an. axis strike an immovable obstacle at the center of percus-

sion, the point of suspension will not be affected by it ;" while

"if the blow be struck in any other point, a part of its motion

will be employed in endeavoring to continue the motion." Thus
if we take into the hand at one end a club of uniform thickness,

and by a motion from the wrist as a center strike an obstacle at

a distance of one-third its length from the other end, the hand

feels no effect from the blow ; but if it be struck by any other

point, the hand will receive a part of the blow,—greater as it is

further from the point named. Now the "center" or line of per-

cussion of a balance is in or near the rim, and the resistance to

its motion, by means of the spring and escapement, is near its

center ; and "the force thus lost, as to the movement of the

spring and escapement, is transmitted to the pivots of the bal-

ance as useless friction. The errors arising "from the relative

positions and directions of these forces and that of gravitation,

and the changes therein from change of position or latitude,

from the density of the air and the space in which the balance

moves, varying friction from the oil, lurches on shipboard or

jolts in the pocket, and from the different rates of expansion of

metals as they affect the friction of the balance or pivots or the

working of the escapement—these furnish a problem to aacertato

or compensate their average effects, sufficiently complicated to

account for the little progress that has been made in perfectiBg

the chronometer. For however small may be their effects on a

single movement of the balance, when it is multiplied by four-

teen to eighteen thousand for every hour, or three or four hun-

dred thousand in twenty four hours, they become so readily

appreciable as to deserve attention and amelioration.

Now if we can remove from the balance pivots this intermit-

tent and useless friction, leaving only its own greatly reduced

and uniform amount, unchanged by change of position or

temperature, a balance of greater momentum could be substitu-

ted, which, in a proportionate degree would lessen the effect of

the remaining sources of error, and this, it is believed, can be

accomplished by simple and practicable mechanism.



-Vespertine Strata of Virgin

(Concluded from page 48.)

Vespertine of Augusta and Rockingham Counties.

My principal examinations in this quarter were made at

"North River Gap," in the northern corner of Augusta county,

in the " Dora Coal Field." In this part of the State the eastern

edge of a fractured portion of the Vespertine area seems to

have been pressed down against the massive Lower Silurian

limestone, along the line of fault which runs on the west side

of the "Valley of Virginia." This has resulted in the overturn

of the strata westward, and the catching of a narrow synclinal

belt of the middle member under the massive sandstones of

the lower portion. These, by their resistance to erosion, have

preserved from removal the more destructible strata of the coal-

bearina forks, an 1 - n.linu up in huge ribs, form the core of

the Great Xmt Mount in here. .11 •! locally, "Narrow Back."

As might be expected, especially in the mountain itself, the

amount of contortion ami crushing is immense.

The sandstones are changed to quartzites, with all granular

structure obliterated. The shales which contain the coal, from

their more yielding nature, have suffered most. Where they

are exhibited in the western face of the mountain, they are

thrust through the coal seams, and wrapped in the most com-

plicated coo -•> have been drenched

with water
I

a contain

lumps and strums of quartz, deposited by such waters. Yet

with all this, thev are true shales, being rendered only more

C' n pn t ind hard'ci This is moth i si m. > \ miple of the

difference in the amount of metamor > lie action, produced in

sandstones and shales, when subjected to the same influences,

and of the insufficiency of mechanical disturbance to produce

more than the ;

; mrpliism.

The convoluted and disturbed strata of the mountain dip

southeast at a high angle. After passing it to the weal

flattens rapidly, and while the rocks of the mountain are in-

verted, we now find them in tin u '-'.""">'

compare ti sit to a risli-hook, with its shank

turned westward, the bend representing the mountain. The

material of the hook would re
t

'3 ot *he

lower Vespertine, while we may lle member
with its coals as filling the curve, and resting upon t

It will thus be seen that the number of coal beds will be

doubled by overlap in the west face of the mountain. Ihe
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strata have suffered much from erosion, and show only the

lower and middle members. It is however by no means certain

that the upper member of red shales was ever present. The
increase in the coarseness and amount of the sandstones under-

lying the coal strata seems rather to indicate its former absence.

No limestone appears here.

I did not make a complete section at this point of the strata

supposed to represent the Catskill. Enough however was seen

to show that red shales appear here at the same horizon as at

Lewis Tunnel, but the amount is not so great, and they are

now changed to red argillaceous flags. The upper members
here are somewhat massive liver-colored sandstones, which

graduate upward into the white sandstones of the lower Vesper-

tine. The Catskill? strata seem to be considerably thicker in

this region than at Lewis Tunnel.
The sandstones of the lower member of the Vespertine cannot

be separated by any distinct dividing line from the above men-

tioned rocks. But, assuming for their base the strata which do

not show a predominance of the red color, they show a thick-

ness of about 400 feet. All are highly siliceous, and lie in pretty

massive beds. No dividing line can be drawn in this mass of

rock, but a gradual change may be traced. At the base it is

brownish gray, then kite, passing near the

top into gray" flags. The white portion is about 200 feet thick,

being mainly a mu-Mvt- quartzite, but showing in the lower

portion some conglomerate bands. Over the above mentioned

rocks are about 40 feet of gray flags, in the top of which is the

lowest coal bed. This stratum may be taken as the lower por-

tion of the middle member. The following is the section from

the lowest coal ascending to the highest

:

1. Black siliceous shales, (floor). 6. Black siliceous shale, 4 feet.

2. Coal, 18 inches. 7. Sandstone, 1 foot.

3. Argillaceous sandstone, 4 feet. 8. Black shale, 5 feet.

4. Black siliceous shale, 6 inches. 9. Coal, 2-2£ feet.

5. Sandstone, 8 inches. 10. Black siliceous shale, 12 ft.

No. 2 is very impure, and where it is best has several part-

ings of shale. It is very variable in the amount of coal, and

often runs almost entirely into shale. No. 6 has some thin

strings of coal, as is the case with No. 8. No. 9 is the most

constant bed, and has the largest amount of clear coal. In the

top of No. 10 a few thin strings of coal sometimes occur.

The remaining rocks above No. 10 are gray and bluish gr»J

sandy shales, showing in some places abundant plant impres-

sions. The exposures are too poor to allow any approximation

to their thickness.

The coal here is a true anthracite, of pretty good quality.

Attempts have been made, from time to time, to work it, but



W. M. Fontaine— Vespertine Strata of Virginia. 117

without success. The large amount of carbon in some of the

shale immediately associated with the coal, its highly glazed

aspect Ui'oiii tnction). and the intimate manner in which it is

mixed with the true coal, have led to an exaggerated estimate

of the thickness of the beds. This mistake was aided by the

imperfect manner in which the coal was exposed in the out-

crops. From these causes I was myself led, some two years

ago, on my first visit to the place, to think the amount of coal

greater than it has proved to b
sive exploration made in thi.-

Yirginia. has demonstrated that the amount or coai is too sman,

and its crushing too great, to render it of commercial value.

The Vespertine strata in Montgomery County.

I have not had the good fortune to procure a copy of Prof.

Lesley's " Description of the South Virginian Coal Kegion of

Montgomery and Wythe counties," published in vol. ix, Proc.

Am. Phil. Soc. Xo" doubt this would 'have aided me greatly

in my study of the Vespertine of Montgomery, to which my
ii vcstigatiims were confined.

The Vespertine strata in Montgomery county occupy two

distinct areas, which require separate descriptions. The most

important of these is the narrow tract lying on the northern

side of the great fault, which passes just south of Brush Moun-
tain. This is but the continuation, to the south, of the belt just

described in Augusta county.

The smaller area lies about two miles south of Brush Moun-

tain, from which it is separated by a narrow belt of Lower

'limestone, and about two and a half miles northwest

of Christiansburg. This small area, so far as I know, has never

received the notice that it deserves. Prof. Eogers simply

speaks of it as an on; - nlar in character to

that of Brush Mountain. But little was known of it then, and

even up to the late war, when its coals were examined and

worked to some extent. Since then the good quality and

thickness of the beds, as well as the ease with which they may
be worked, have led t

ifopment

The structure of this held, which bears the name of Price's

Mountain, is one of the most curious products of the force

- produced the numerous faults in this region. It is a

belt, with an unti linal stn cture, about seven miles long, and

2| wide, running nearly east and west, (more accurately, 10 N.

of E.).

The maps of Virginia show a mountain chain, under the

name Alleghany, ran -burg in a northerly

direction, to meet Brush Mountain. This is merely a water-

shed, and does not appear above the surrounding country as
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mountain. The eastern end of the Vespertine belt in question

this watershed. From that point, where the strata

stand at the general level of the country, they run nearly in a

westerly direction toward New Eiver, and pass about 1\ miles

northwest of Christiansburg. The strata of the eastern end are

the red marlites of the upper member. In passing westward

they begin to rise into an anticlinal elevation, which soon

attains the height of about 300 feet, which height is maintained

for about 3£ miles, showing a continuous ridge. This portion

bears the name of Price's Mountain. Farther west, toward the

river, the ridge is broken up into hills, and then finally disap-

pears before the stream is reached. I am informed that no

trace of the strata is to be found west of New Eiver, where the

rock is all limestone.

As the ridge rises in passing west, the coal-bearing strata of

the middle member begin to appear through the red marlites,

and where it is highest, the upper part of the lower member
appears in the crest In this portion the coals are worked.

Here we find the red marlites forming an outer band on each

side of the ridge, and cut off abruptly north and south by the

Lower Silurian limestone, which also sweeps around the eastern

end. The coal strata occupy the foot, and reach some distance

up the slope, on each side. The field seems to be a prism of

Vespertine strata, engulfed by a double fault in the limestone,

with its eastern end tipped lower than the middle and western

portions. The dip of course is nearly north and south, away

from the crest, and toward the limestone.

The amount of contortion and rubbing exhibited by the

strata is surprisingly small. The roof and floor of the openings

made are as uniform and smooth as those of our upper coals of

the West. As a consequence, the coal is worked with ease,

and unlike that of Brush Mountain, two miles off, shows but

little rubbing, and may be taken out in blocks of any size.

There are two beds here as in Brush Mountain, being evidently

the same. The amount of slate partings is however smaller in

Price's Mountain, and the coal thicker.

As the middle member containing the coal beds is evidently

similar to that exposed in Brush Mountain, while the exposure

here is not so good, the section of it taken in that mountain

will suffice for both localities. The same may be said of the

lower member. The upper red beds however are much better

displayed here, and the section of them, taken from the north-

ern foot of Price's Mountain northward to the limestone, will

be given as a representative one. We find here these rocks

well exposed, with a steady northward dip, until they are sud-

denly cut off by the limestone.

The dip on the north side is somewhat steeper than on the
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south side, being in the former case 30° N.N. VV., and in the

latter, 26° S.S B. The coal of the upper bed on the north side

is somewhat thicker than that on the south side. The lower

bed is essentially the same on both sides. The lower bed

everywhere averages about two feet.

flags, and separated from the upper b

same kind of rock.

An average section for the upper bed on both sides, is as fol-

lows, commencing at the top:

1. Black slate, (roof). 5. Slate, 7 inches.

2. Coal, 12 inches. 6. Coal, 10 inches.

3. Slate, 12 inches. 1. Slate, (floor).

4. Coal, 2| feet.

No. 4 sometimes runs up to three feet, and the other layers of

coal show occasionally an increase of several inches in thickness.

The following section, omitting details, will give the char-

acter of the red upper member, commencing below:

1. Interstratifieation of brown sandstone, and red shale, 50 feet.

2. Red and mottled marlites, with some brown sandstone, 440 ft.

3. Thinly fissile, red shales, " " " " 600 feet.

A regular change mav be traced in the character of these

sediments. No. 1 and No. 2, in the lower portion, have a larger

proportion of sandstone. But in the greater portion of No. 2,

especially the middle and upper parts, and in all of No. 3, the

sandstone appears onlv in occasional beds. The lower portion

of No. 2 is often mottled with spots and streaks of gray and-

green. The indications are that the strata were deposited dur-

ing a steadily progressing subsidence.
,

This thickness of 1090 feet of ;te3 »s sud-

denly cut off on the northern side, by the Lower Sihn

stone, which throughout this region has a southeast dip, and

shows a considerable amount of alteration. No remnant of the

Lower Carboniferous, or Lewisburg limestone, is seen here, and

if it were ever present, it has been removed by erosion, it is

clear that this mass of red strata was deposited prior to this

limestone, if it were ever formed here. In any case we would

have a great development of the upper member, as compared

with the same near Lewis Tunnel, and this agrees well with the

development of the two underlying members in this region.

1 am inclined, however, to think that all of these beds were

not deposited before the limestone. The increasing fineness ot

the upper portion No. 3, and other indications that this part was

formed in comparatively deep and qniet waters, make it quite

probable that No. 3 is the representative here of the limestone.

So far as I know the limestone has been seen by no one so far

to the east. The sudden cutting off of the Lower Carboniferous
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limestone by faults in its most easterly known exposures, renders

it difficult to draw any conclusions from a change of thickness.

Brush Mountain lies to the north of Price's Mountain, and is

separated from it by a belt of Lower Silurian limestone about

1£ miles wide. Its structure is very simple. The northern

foot is composed mainly of Chemung strata, while the central

mass is formed of the lower member of the Vespertine, which
extends some distance down the southern slope. A portion of

the southern face and foot of the mountain is composed of the

middle or coal-bearing member, while a band of red rocks

belonging to the upper member forms the foot-hills next to the

limestone belt. By the great fault, mentioned before as run-

ning on the western side of the valley of Virginia, this mass of

strata has been brought down so as to abut against the Lower
Silurian limestone. Though there has been no overturn of the

strata, yet some slight - da has been produced,

causing a considerable amount of rubbing and crushing. This

has made itself felt, especially in the coal, which in consequence
is much more fractured and rubbed than that of Price's Moun-
tain, yet by no means so much so as that of Augusta and

lam counties. Poverty Creek, after flowing for some
distance along the north side, cuts directly through this moun-
tain, and gives a good section of all the strata of the Vespertine.

The dip is 30° S.S.E. toward the fault. My section was taken
- creek, commencing on the north side in the Chemung

beds, and proceeding south to the upper member of the Ves-

pertine.

The Chemung beds show the same character here as at Lewis

Tunnel. The same alternations of flaggy sandstone and shales,

with thin layers containing numerous impressions of shells, are

found. These beds are to be seen within a space of 400 feet,

under the lowest of the Vespertine strata. This interval was

too much concealed to enable me to determine whether it is

occupied by Chemung beds, or strata which may be the equiva-

lents of the Catskill. If the latter are present here, they must

be less than 400 feet thick. 1 am inclined to think that they

e entirely absent, having been replaced by the greatly thick-

Xiower member of the Vespertine.

1. Massive white conglomerate and sandstone, 80 fee

2. Massive white sandstone, with layers of conglomei
3. Thin-bedded white siliceous sandstones, 100 feet.

4. White and yellowish flags, marked with red spots
300 feet.

5. Siliceous gray sandstones and flags, 300 feet.

Total for the lower member, 930 feet.
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No. 1 is a conglomerate of remarkable coarseness, and con-

tains only subordinate bands of coarse white sandstone. Most
of the pebbles are from a half an inch to an inch in size, but
many are two inches in diameter, and flat The quartzose mat-
ter is all pure white, and plainly derived from the Potsdam and
mi. lei h Jim quartzites, as may be easily seen from the nature of

the larger pebbles. The smaller pebbles are rounded. The
great coarseness, pure siliceous character, and white color of
this stratum, (.-on trust in the most striking manner with the

underlying Chemung beds, and point to a radical change in the

conditions of deposition.

No. 2 is a highly siliceous, white sandstone, with subordinate

bands of smaller pebbles. A gradual change from a highly

siliceous character to a more argillaceous one, may be traced as

we ascend in the series. No. 4 is marked with streaks and
spots of red, and begins to show some argillaceous matter, es-

pecially toward the top, while in No. 5 a large amount of this

material is present. This latter is heavy bedded toward the

bottom, and more flaggy toward the top.

Middle member of the Vespertine.

1. Argillaceous gray sandstones, 200 feet.

2. Coal. Upper bed, thickness not exposed.
3. Massive and flaggy gray sandstones, interstratified, 120 feet.

4. Bluish, arg _-. 350 feet.

Total for the middle member, 670 feet.

The lower coal-bed was not seen in this section. No. 3 is

rather more massive and siliceous here than in Price's Moun-
tain. In No 4, occasional beds 10 to 15 feet thick occur, more
massive and siliceous than the great body of the mass. Next
above No. 4 come the red beds of the upper member.
The coals of Brush Mountain lie in two beds, identical with

those of Price's Mountain, but, as stated before, the amount of

slate partings is greatei - is tn lis rl m< to which they

have been subjected. Still the upper bed here is also worked
to a considerable extent. The lower bed has a sandstone floor

and roof. It is about three feet thick, with a slate parting in

the middle, from five to ten inches thick. This bed was
formerly worked on a small scale, but is now entirely neglected.

The upper bed is separated from this by from thirty-five to

forty feet of gray flags. About half way between the two, at

some of the openings, a small seam twelve inches thick, is

reported to exist The following is the section of the upper

bed:

No. 1. Bottom slate. No. 4. Coal, 6 inches.

" 2. Coal, 8 inches. " 5- Slate, 1 inch.

" 3. Slate, 3 inches. " 6. Coal, 6 inches.
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i. 11. Slaty coal, 6 inches.

12. Mining dirt, 6 inches,

coal, 20-30 inches. " 13. Coal and slate, 20 inches.

" 10. Slate, 8 inches. " 14. Coal, 10 inches.

No. 2 is quite soft, and a good material for blacksmiths. The
"bearing in" is done in Nos. 8 and 12. These are composed
of crushed coal and slate. All the material above and below
them is neglected. The roof above No. 14 is a coarse sand-

stone with some pebbles. In some localities two small seams

occur above this bed, within the space of forty-five feet. These

small seams may occur in Price's Mountain, but were not seen.

The coal is all semi-bituminous, some of it approi

anthracite. The coal of the lower bed is harder than that of

the upper. In Price's Mountain the coal of the main portion

of the upper bed is a handsome, firm material, with a dull

lustre, much resembling the natural coke of the Richmond coal

field. It seems here to be remarkably free from sulphur. The
coal of Brush Mountain is usually glazed by friction, and seems

to have more sulphur. An analysis by Prof. Rogers makes
these coals to contain: 14 p. c. bituminous matter, 80 p. c.

carbon, and 6 p. c. of ash. The ash is very fine, and of

a white color. The coal is said to be excellent for grates and

It will be seen from the above account that there has been a

very marked thickening of the Vespertine as we proceed from

north to south through the state, accompanied by an increase

in the amount of coal contained in it. This increase seems to

be largely at the expense of the supposed Catskill beds. It is

in conformity with a law of increase which holds good for all

the strata from the Devonian to, and including, the Lower Bar-

ren Measures of the Upper Coals.

Plants.

I have, whenever opportunity offered, made a collection of

the plant impressions, but owing to their peculiar mode of

distribution, and the small amount of excavation made in these

strata, I have, as yet, not been able to procure a collection large

enough to be offered as representative of the series. Hence I

will not attempt to give here anything but a few general state-

ments, which may be greatly modified by farther discoveries.

So far as my observations go, the plants of this series of strata

occur at any given locality, with but few species, while these

are marked by the great number of individuals which they

exhibit These species are widely distributed, and perfectly

characteristic of the series, at least as compared with the flora

of the beds above the Conglomerate. The most important and

characteristic plants are the following :
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1. Lepidodendron. The forms of Lepidodendron are the
most abundant and widely distributed. They are all character-
ized by small leaf-scars.

2. Palceopteris. This shows two types. By far the most
abundant and widely distributed is the form with narrow ellip-

tical leaflets, like P. Jacksoni. We find much less abundantly, a
second type with broad I i ke Palceopteris oblusa.

3. Triphyllopteris. To this, I consider Mr. Meek's Cyctop-

teris Vuyiniana, and C. Lesueuriana, as belonging. The latter

plant, with possibly a similar species, is widely distributed and
very abundant in some localities, forming all the impressions

I have nowhere seen any impressions of Sigillaria, Calamites,

Sphenoptens. and others of the most common plants in the pro-

ductive coal-measures. In only one case have I seen a speci-

men of Neuropteris, and this was a remarkably fine one, of N.

fiexuoaa, iound at Lewis Tunnel. This place has yielded a
much greater variety of plants than any other locality visited

by me. Of course this negative evidence, in the absence of

extended exploration, cannot be taken as excluding the former
presence of these plants in the Vespertine. Still it is peculiar

that with the many hundreds of specimens seen at widely dis-

tant localities, none of those plants noted above as not seen,

should have been met with.

Art. XV.—Contributions from the Sheffield Laboratory of Yale

College. No. XLL— On the Chemical composition of the flesh

of Hippoglossus Americanos ; by E. H. Chittenden.

The Hippoglossus Americanus of Gill, or halibut as the

fish is comn ind in the waters of the Atlantic

ocean from Newfoundland to Cape Hatteras. The halibut

belongs to the class of white-blooded fish, of which the Met-
1'inyiis vulgaris, or whiting, is a typical representative. The
flesh of the halibut is of a fine white color, quite delicate and

tender, and is highly valued for food, especially in certain

portions of the United States.

A fresh sample obtained at the market yielded by analysis

No. 1. No. 2.

Water 82-85 82-90
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The fresh flesh of the whiting yielded Payen*

—

Nitrogen 2-41

According to Pavy the flesh of the whiting which is eaten

so extensively in England, is tender, easily digested, and

highly nutritious. A comparison of these two analyses shows

but very little difference in the chemical composition of the

flesh of the halibut and whiting.

The flesh of the halibut dried at 100° C. yielded by analysis

:

No. l. No. 2.

Carbon.. 5030 50-46

Hydrogen... 7
-36 7-51

Nitrogen 11-70 11-66

100-00 100-00

Fat 7-08 7-15

The ash of the flesh gave by analysis

:

Carbonic acid - — 1'13

Sulphuric acid 1*30

Phosphoric acid 34-36

Iron -19

Lime -15

Magnesia — 2-43

Potash... 37-07

Soda 12-22

The ash for the analysis was obtained by carbonizing a large

quantity of the flesh, then leaching this carbonized mass with

hot water to remove chlorides. The residue left undissolved

by the water was then ignited at a higher temperature until

burned white. The aqueous solution of the chlorides was then

poured over the insoluble residue and the whole hea

the water was completely driven off. This residue was ignited

gently and yielded a perfectly white ash.

By a backward glance at these analyses we see that the food

value of the flesh of the halibut is not of a low order, but com-

pares favorably with the flesh of other fish of the same class.

* Compt. Rend., mil, 318.
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Mr. Darwin, in the title of his new work, refers only
illy to adaptations for cross-fertilization,—a subject

which has given origin to a copious literature since he opened
it anew in his book on the Fertilization of Orchids, in 1862. A
new edition of this latter book is on the eve of publication in

England, and we believe that this author's scattered papers on
cross-fertilization, as secured by various contrivances, are about
to be collected, revised, and issued in a book form. In the

volume now before us, Mr. Darwin deals with the effects of

cross- and self-fertilization, recounts at length the experiments
he has devised and carried on, collects and criticises the results,

glances at the means of fertilization, and the habits of insects in

relation to it, and ends with some theoretical considerations or

inferences suggested by or deduced from the facts which have
been brought to light

If writing for the popular press, we should be bound to say
that this book is not light reading. Three-fourths of its pages

and of the chapters are devoted to the details of the experiments
and the sifting and various presentation of the results; and the

remainder, although abounding in curious facts and acute sug-

gestions, is vet of a solid character. The bearings of various

points upon what is called "Darwinism" are merely touched or

I, here and there, in a manner more likely to engage the

attention of the tfaougl •
" f the general reader.

That cross-fertilization is largely but not exclusively aimed
at in the vegetable kingdom, is abundantly evident. As Mr.

Darwin declares, "it i-
numerable

flowers are adapted for cross-fertilization, as that the teeth and
talons of a carnivorous I &>' catching prey, or

that the plumes, wings, and hooks of a seed are adapted for its

a tion." That the crossing is beneficial, and consequently
the want of it injurious, is a teleological inference from the

prevalence of the arrangements which promote or secure it,—
an inference the value of which increases with the nu

variety, and the effectiveness of the arrangements for which
no other explanation is forthcoming. That the good
jn a re-invigoration of progeny, or the evil of close

in a deterioration of vio-or, was the suggestion first m-Ae [so

far as we know), or first made prominent, by Knight, from
whom Darwin adopted it. However it be as to animals, there

* The Effects of Cross- and Self-Fertiliz*
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was until now no clear and direct evidence that cross-fertiliza-

tion in the vegetable kingdom did re-invigorate. Indeed, the

contrary might be inferred from the long and seemingly indefi-

nite perpetuation of bud-propagating varieties, which have no

n at all. But the inference from this is not as cogent

as would at first appear. For, although bud-propagation is,

we think, to be considered as the extreme of close-breeding,

yet in it the amount of material contributed by parent to off-

spring is usually vastly more than in sexual reproduction ;

and, accordingly, the diminution to an injurious degree of any

inherited quality or essence might be correspondingly remote.

Yet. as sexual reproduction may be and often must be much
closer in plants than it can be in most animals, the ill effects of

ization, or the good of cross-fertilization, might the

sooner be noticeable. Mr. Darwin arranged a course of ex-

Eeriments to test this question, prosecuted it as to some species

3r eleven years; and the main object of this volume is to set

forth the results.

Ipomcea purpurea, the common Morning Glory of our gardens,

was the leading subject. The flowers of" this species self-fertil-

ize, but must also be habitually cross-fertilized, as they are

visited freely by humble-bees and other insects. Ten flowers

of a plant in a greenhouse were fertilized with their own pollen

;

ten others were crossed with pollen from a different plant. The
seeds from both were gathered, allowed to germinate on damp
sand, and as often as pairs germinated at the same time the two

were planted on opposite sides of the same pot, the soil in which

was well mixed, so as to be uniform in composition. "The
plants on the two sides were always watered at the same time

and as equally as possible, and even if this had not been done

the water would have spread almost equally to both sides, as

the pots were not large. The crossed and self-fertilized plants

were separated by a superficial partition, which was always

kept directed towards the chief source of the light, so that the

plants on both sides were equally illuminated." Five pairs

were thus planted in two pots, and all the remaining seeds,

whether or not in a state of germination, were planted on the

opposite sides of a third pot, so that the plants were crowded
and exposed to a very severe competition. Rods of equal

diameter were given to all the plants to twine up, and as soon

as one of each pair had reached the summit, both were measured.

But a single rod was furnished to each side of the crowded pot,

and only the tallest plant on each side was measured. This

was followed up, for ten generations; the close far!

being always self-fertilization, i. e., by pollen to stigma of the

same flower; the crossing between individuals in' successive

generations of this same stock, except in special instances.
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when an extraneous stock was used as one parent,—to eminent

advantage, as will be seen.

The difference in vigor between the cross-bred and the close-

bred progeny, as measured by early growth, was well marked
throughout " In the mean of the ten generations it was as 100

to 77. In the tenth generation it was 100 to 54, that is, five

cross-bred plants grew to the average height of 937 inches

while the close-bred were reaching the average of 504 inches.

This was a notably greater difference than in any previous

generation. But tins'"was probably accidental or anomalous;

far it was not led up to by successive steps. Indeed, the differ-

ence in the first generation was a trille greater than the average

of ail ten. beiniras 100 to 76. The second generation was as

100 to 79 ; the third as 100 to 68 ; the fourth as 100 to 86

;

the fifth as 100 to 75 ; the sixth as 100 to 72 ; the seventh as

100 to 81 ; the eighth as 100 to 85 ; the ninth as 100 to 79

;

the tenth, as already stated, 100 to 54. The general result is

made striking in the following illustration.

" If all the men in a country were on an average six feet

high, and there were some families which had been long and

closely inter-bred, these would be almost

height during ten generations being only four feet eight and

one-quarter inches." (p. 53.)

It is remarkable that the difference between the close-bred

and the cross-bred individuals should have been as great as it

was in the first generation ; and, this being the case, it might

have been expected that the difference would have gone on

ii.
i i t - uld be expected to be cumulative.

" But," instead of this, " the difference between the two sets of

plants in the seventh, eighth, and ninth generations taken to-

gether is les oad second generations together.

Upon this Mr. Darwin remarks : " When, however, we remem-

ber that fch<
: crossed plants are all descended

from the same mother plant, that many of the crossed plants

in each generation were related, often closely related, and that

all were exposed to the same conditions, which, as we shall

hereafter find, i> a \<-r\ important circumstance, it is not at all

surprising that the difference between them should have some-

what decreased in the later generations." (p. 56.)

Further light was thrown upon these points by two kinds of

subsidiary experiments. In one case, the cross was made be-

tween two flowers of the same plant of Jpomaea, while otner

flowers were self- fertilized as before. On ra

the two lots, it was fouu - §ave no superiority

:

indeed, the offspring of the self-fertilized flowers appeared to be

rather more vigorous than the close-crossed. And other expen-
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ments led to the same conclusion, namely, that there was no

particular benefit from cross-fertilization on the same plant.

In the other case, the cross was made not only between the

flowers of distinct plants, but between those from different

sources, and which had presumably grown under somewhat
different conditions. For instance, several flowers of the ninth

generation of crossed plants of Lpomoza were crossed w i

taken from the same variety, but from a distant garden. The
resulting seedlings showed the benefit of the fresh stock remark-

ably, being as much superior in vigor to those of I

inn r-crossed generation as the latter were to the self-'

plants of the corresponding generation. In height they were

as 100 to 78, over the ordinary inter-crossed; and in fertility,

as 100 to 51. Indeed, Mr. Darwin's main conclusion from all

his observations is, "that the mere act of crossing by itself does

no good. The good depends on the individuals which are

crossed differing slightly in constitution, owing to their progen-

ia been subjected during several generations to slightly

different conditions, or to what we call in our ignorance sponta-

The greater constitutional vigor of the crossed plants c

Ipomcea was manifested in other ways than their rate or amour
wth; they better endured exposure to a low temperatui

or sudden changes of temperature ; they blossomed earlie

they were more fertile. TJa ility varied l
in degree (the extremes in different experiments and in differ-

»ns being 100 to 99 and 100 to 26), but was always
sustained. Also, "the impaired fertility of the sell-

plants was shown in another way, namely, by their anthers

being smaller than those in the flowers on th< < ro-<. 1 p! mts.

This was first observed in the seventh generation, but may
have occurred earlier. .... The quantity of pollen contained
in one of the self-fertilized was, as far as could be judged by
the eye, about half of that contained in one from a crossed

plant. The impaired fertility of the self-fertilized plants of the

eighth generation was also shown in another manner, which
may often be observed in hybrids—namely, by the first-formed

flowers being sterile."

Similar experiments were made, but not carried to the same
extent, upon fifty-seven other species of plants, belonging to

fifty-two genera, and to thirty great natural families, the species

being natives of various parts of the world. The results—the
details and discussion of which occupy the bulk of this volume
—vary greatly, some plants making a better, and others a less

good showing for the advantage of cross-fertilizing, and this

advantage manifesting itself in different ways, some in vigor or
amount of growth, some in hardiness, most in fertility ; but
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with twelve cases in which the crossed plants show no marked
advantage over the self-fertilized. There were, however, fifty-

seven eases in which the crossed exceeded the self-fertilized by
at least five per cent, generally by much more.

Increase of vigor, as evinced in growth, appears generally to

be accompanied by increased fertility ; but sometimes the good

of crossing was manifested only in productiveness, i. e., in a

larger amount of seed. This proved to be the case in Esch-

sci,<Aiz;<i. in which—strange to say—self-fertilized plants of several

generations were superior in size and weight to inter-crossed

plants, even when the crossing was between flowers derived on

one side from American, on the other from English seed, from

which, upon Mr. Darwin's view, the maximum benefit should

be gained. This instance, however, stands alone. Yet it is

erl by several others, in a manner which might have

BBgatived the general conclusions of the research, if they had

been hastily gathered from a small number of trials.

For example, in the sixth sell-; i of Ipomcea

purpurea, one of these plants took the lead of its competitor,

kept it almost to the end, and was ultimately overtopped only

by half an inch on a total height of several feet. To a>et rtain

whether this exceptionally vigorous plant would trai

power to its seedlings, several of its flowers were fertil

their own pollen, and the seedlings thus raised were put into

competition with ordinary self-fertilized and with inter-e !'<>-.-ea

plants of the .•i 1 rr.- 5 p..iM 1
'i.,._r generation. The six children of

the ordinar e.netitors at the rate of 100 to 81,

and the \w, rate of 100 to 9o
;
and

in the next generation the self- '•} ren bea*

those from a cross between two of the childrt i it t
. .

'
t

100 to 94. In the next generation the see. I

winter in a hot-house, became unhealthy, and the experiment

terminated w ,H, ,m in j k. .1 i*-ult -Moreover the remarkable

vigor of growth in Hero and its progeny wa-
•

some utterly unknown cause,—

a

"

;

\
m °* con "

- transmitted to posterity, and :.

all the benefit of cross-fertilization, and somewhat more, both

as to vigor and fertility. A similar idiosyncracy made its ap-

!
r

.

Discordant or anoi ' • sfm confusing,

even though too few to l',-t se. ,u« the grand result of the

numerous experiments; but upon Darwinian principles in

which adaptations are ultimate results, they are to be expected,

as a consequence of the general and apparently vague pro-

clivity to vary.
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In Foxglove,—the flowers of which are naturally self-sterile

or nearly so, and in which crossing gave a marked advantage

over self-fertilizing, both as to growth and productiveness,—

a

decided, though small advantage, appeared to come from the

In Origanum vulgare, crosses were made between different

plants of a large clump, long cultivated in a kitchen-garden,

which had evidently spread from a single root by stolons,

and which had become in a good degree sterile, as is usual

under such conditions. The crossing caused rather more seed

to form ; but the seedlings from the crossed did not surpass in

growth those of the self-fertilized ;
" a cross of this kind did no

more good than crossing two flowers on the same plant of Lpo-

meea or Mimulus. Turned into the open ground, and both self-

and cross-fertilized the following summer, and equal pairs of

the resulting seeds planted on opposite sides of two very large

pots, the crossed plants from seed showed a clear superiority

over their self-fertilized brethren, at the rate of 100 to 80".

But this excess of height by no means gives a fair idea of the

vast superiority in vigor of the crossed over the self-fertilized

plants. The crossed flowered first and produced thirty flower-

stems, while the self-fertilized produced only fifteen, or half the

number. The pots were then bedded out, and the roots prob-

ably came out of the holes at the bottom, and thus aided their

growth. Early in the following summer, the superiority' of the

crossed plants, owing to their increase by stolons, over the self-

fertilized plants, was truly wonderful. . . . Both the crossed

and the self-fertilized plants being left freely exposed to the

visits of bees, manifestly produced much more seed than their

grandparents,—the plants of original clumps still growing close

by in the same garden, and equally left to the action of bees."

These few cases must here suffice, and they give a fair gen-

eral idea of the main results reached,—somewhat qualified,

however, by certain instances iu which little or no benefit was

observed. Let it be remarked that while most of the cases

show decided and unequivocal good from the crossing, none

of them unequivocally tell to the contrary, as the advantage
appears sometimes in one direction, sometimes in another.

"Thus, the crossed and self-fertilized plants of Ipomcea, Puparer,

}{».-e<l.<i. odnruia. and Ltnuianthen were almost equally fertile, yet

the former exceeded" considerably in heighl

plants. On the other hand the cr> :ed plants

of Mimuhu and Primula differed to an extreme degree in

fertility, but by no~means to a corresponding degree in height
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not those in which the pollen does not reach the stigma un-

aided, but those in which it is impotent, or nearly so, when
applied, although efficient upon the stigma of another indi-

vidual. Verbascum, Pass)flora, Corydalis, and many Orchids

afford instances of this sort. In these the advantage of cross-

ii rises to a n> ee— ity. A noteworthy fact respecting

them (of which Mr. Darwin 'makes much) is, that such self-

sterility, or the reverse, is influenced by slight changes in the

conditions, such as difference in temperature, grafting on an-

other stock, and the like. In S.m P> i ! I ' Muller found

that for six <_< m rat mi- al
1 In- plain • \ /.-'/ -/« >' " <•,/,/,,,„„

a

were completely sterile, unless supplied with pollen from a

distinct plain, when theA w ere completely fertile. This was

not the case in English' plants, which, when covered by a net,

set a considerable number of capsules, the seeds of which, by
weight, were as 71 to 100 of those on plants intercrossed by

bees. These Brazilian seeds, sent to England, yielded plants

with moderately self-fertile flowers, and this limited sell

was increased in two generations of English growth. Con-

versely, seeds from English plants grown in Brazil were more

self-fertile than those reared in Brazil for several generations;

yet "one which did not flower the first year, and was thus

exposed for two seasons to the climate of Brazil, prm
self-sterile, like a Brazilian plant, showing how quic

climate had acted on its sexual constitution." Having ob-

served that certain individuals of Mignonette were self-sterile,

Mr. Darwin secured several such plants under separate nets,

and bv inter-crossing these for a few generations, obtained

plants whicl • that "without doubt

tte could easily have been estab-

Nin'e of the twelve chapters are devoted strictly to the effects

of cross and self-fertilization. The tenth considers the "means

of fertilization." Cross-fertilization is favored or ensured by:

1, the separation of the sexes : :
" ma

.

ie and

female sexual elements at differ

even trimorphism: 4. various mechanical contrivances
; 5, the

more or less complete inefficiency of a flower's own pollen on

its stigma, and the prepotency of pollen from any otht r

ual over that from the same plant. We understand that Mr.

Darwin is just now occupied in revising and extending his

various papers upon these topics, with a view to their publica-

tion in a volume. Here he give- a li.t of maets which, when

insects are excluded, are either quite sterile or produce less

the number of seeds p °ted PIants-

This is foil, nits which, when protected from

insects, are re tlian hal* the num "

ber of seeds produced by unprotected plants.
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" Each of these lists contains by a mere accident the same number
of genera, viz., forty-nine. The genera in the first list include

sixty-live species, and these in the second sixty species; the Orchi-

dese in both being excluded. If the genera in this latter order,

as well as in the Asclepiadese and Apocynacese, had been included,

the number of species which are sterile if insects are excluded

would have been greatly increased ; but the lists are confined to

species which were actually experimented on. The results can be

couriered a* only approximately accurate, tor fertility is so vari-

able a character, that each species ought to have been tried many
times. The above number of species, namely, 125, is as nothing
to the hosts of living plants; but the mere fact of more than half

of them being sterile within the specified degree, when insects

are excluded, is a striking one; for whenever pollen has to be
carried from the anthers der to ensure full fer-

tilitv. there is at least a good chance of cross-fertilization. I do
not, however, believe that if all known plants were tried in the

sane manner, half would be found to be sterile within the specified

limits; for many flowers were select ; which pre-

sented some remarkable structure; and such Mowers often require

insect-aid." (p. 370.)

It is won m and T. pratense (the

common white and red clovers) have a place in the first list ; T.

an-euxii am! T. procnuth- as in the second. Darwin refers to Mr.

Miner's statement that " in the United States, hive-bees never
suck the red clover," and says it is the same in England, ex-

cept from the outside through holes bitten by humble-bees

;

yet that H. Miiller has seen them visiting this plant in Ger-

many, for the sake both of pollen and nectar, which latter they
obtained by breaking apart the petals. Darwin has not qual-

ified his statement, long ago made, of the complete sterility of

red clover protected from insects ; but Mr. Meehan asserts

that protected plants are fertile in this country, without, how-
ever, giving details or the rate of fertility. In T. arvense, " the

excessively small flowers are incessantly visite~d by hive and
humble-bees; when insects were excluded the flower-heads
seem to produce as many and as fine seeds as the exposed

As to cross-fertilization, " the most important of all the means
by which pollen is carried from the anthers to the stigma of the

same flower, or from flower to flower, are insects, belonging to

the orders of Hymenoptera, Lepidoptera, and Diptera ; and in

some parts of the world, birds." In a note the author cites all

the cases known to hi .-flowers. These are

chiefly humming-birds. "In North America thev are said to

frequent the flowers of Impatiens " (for which Gould", Trochilidae,
is referred to as ith .rity. i d a reference is given to the Garden-
ers' Chronicle, which we find relates to something else in South
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America) ; and this is all concerning the United States. Can
it be that there are no references in print to the most familiar

fact that our humming-bird is very fond of sucking the blos-

soms of Trumpet Creeper (Tecoma radicans) and of Honey-
suckles? Both these are, in size and arrangement of parts, well

adapted to be thus cross-fertilized.

Flowers are rendered conspicuous to birds and still more to

insects, by bright colors. And as "almost every fruit which
is devoured by birds presents a strong contrast in color with

the green foliage, in order that it may be seen, and its seeds

I," so the proportional

colors of the corolla, or in some i

of adjoining parts of the flower, or

related to visiting insects.—have come to pass, as Darwin would
say, in consequence of the \ isits of insects, through the advan-
tages in vigor and productiveness
He is ready to adopt even the idea of Conrad Sprengel, which

seemed to be so fanciful, that marks and streaks on the corolla

serve as guides to the nectary : for, although insects are well

able to discover the nectar without the aid of guiding marks,

yet they are of service by facilitating the search and enabling

insects "to suck a greater number of blossoms within a given

time, which is tantamount to greater opportunity for cross-fer-

tilization.

That odors attract insects is certain and many flowers are

both conspicuous and odoriferous, while others make up in

fragrance what they lack in show. " Nageli affixed art 1 *5™ 1

flowers to branches, scenting some with essential oils

leaving others unscented; and insects were attracted 1

former in an unmistakable manner."

" Of all colors white is the prevailing
a consider: <n smell

color, namely, 14-6 per cent; of red, only 8

erous. The fact of a larger proportion of '*««> --

sweetly may depend in part on those which are fertilized by

moths requiring the double aid of eonspicuousness in the dusk

and of odor. So great is the economy of nature, that most flowers

which are fi liar or nocturnal insects a
odor chiefly or exclusively in the evening. Some flov.

ever, which raw depend solely on this quality

for their fert night-flowering stock (Hespens)

and some species of Daphne; and these pres

flowers which are fertilized by insects being obscurely colored

" The shape of the 1

1

* "J "Jf"
wise related to the particular ki

visit the flowers; this has been well shown by H. Mailer bv his

comparison of lowland species, which are chiefly visited by bees,

with Alpine species belonging to the same genera, which are

visited by butterflies."
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precious of all the elements for the growth of plants—but in the

case of most open flowers, a large quantity of pollen is consumed
liy pollen-devouring insects, and a large quantity is destroyed

during long-continued rain. With many plants this latter evil is

guarded against, as far as is possible, \>\ the anthers opening only

during dry weather, by the position and form of some or all of

the petals", by the presence of hairs, etc. ; also, as Kerner has

shown in his interestinu' e-sav, by the movements of the petals or

of the whole flower during cold and wet weather. In order to

compensate the loss of pollen in so many ways, the anthers pro-

duce a far larger amount than is necessary for the fertilization of

the same flower. I know this from my own experiments on

Ipomcea, given in the Introduction ; and it is still more plainly

shown by the astonishingly small quantity produced by cleisto-

gene flowers, which lose none of their pollen, in comparison with

that produced by the open flowers borne bv the same plants; and

yet this small quantity suffices for the fertilization of all their

ber of pollen-grains produced by a flower of the Dandelion, and

found the number to be 243,600, and in a Pasony 3,654,000 grains.

The editor of the 'Botanical Register' counted the ovules in the

flowers of Wisteria sinensis, and carefully estimated the number
of pollen-grains, and he found that for each ovule there were 7,000

grains." (pp. 376, 377.)

These are probably fair averages of the numerical ratio of

pollen to ovules in flowers which are adapted to be fertilized

by insect agency. Their meaning in " the economy of nature
"

is seen by a comparison on the one hand with ahem^/iu^ns,

i. e., wind-fertilized, flowers, in most of which there is a vastly

-proportion between the numbers—compensating for

inevitable waste—and on the other with cleistogenous flowers,

namely those small and le^s developed blossoms which some
plants produce in addition to the ordinary sort, and which fer-

t were in the bud, necessarily by their own pollen.

Here is no waste, and accordingly the anthers are very small,

and the pollen-grains not many times more than the ovules

:

also such flowers are never brightly colored, never odoriferous,

and they never secrete nectar.

The only advantages of this close-fertilization which we can

think of are sureness and strict likeness ; both of which are

quite as well secured by budding-reproduction. Now, as

cleistogene flowers are borne, we believe, chiefly and perhaps
only, by species whose normal blossoms are adapted for insect-

fertilization, they must be regarded as a subsidiary arrange-
ment, a safeguard against failure of proper insect-'.

As the volume before us amply shows, this failure is in general

provided for by a more or less wide margin of self-fertilization
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in the very flowers which are adapted for crossing. In Impa-
tit >n, Viola, and the like, it is provided for by separate flowers,

the special adaptations of which are unmistakable.

H. Miiller appears to have shown " that large and conspicu-

ous flowers are visited much more frequently and by many
more kinds of insects than are small inconspicuous flowers.

He further remarks that the flowers which are rarely visited

must be capable of self-fertilization, otherwise they would
quickly become extinct." Mr. Darwin's list seems to show
that, as a rule, they are so

;
yet many very small flowers, like

those of Irifolium "arvense, and small and dingy ones, like

those of Asparagus, are freely visited by bees ; and, conversely,

many large and conspicuous flowers which are frequented by
insects are none the less self-fertilizable. Throughout we find

that such things do not conform to arbitrary or fixed rules

:

and this favors the idea that the differences have been acquired.

Mr. Darwin conjectures that the self-fertilizing capabilities of

many small and inconspicuous flowers may be comparatively

recent acquisitions, on the ground that, if they were not occa-

sionally intercrossed, and did not profit by the process, all their

flowers would have become cleistogenous, "as they would
thus have been largely benefited by having to produce only a

small quantity of safely protected pollen."

Mr. Darwin's experiments tending to prove that cross-fertili-

zation between flowers on the same plant is of little or no use,

he is naturally led to consider the means which favor or en-

sure their fertilization with pollen from a distinct plant. This

must needs take place with dioecious plants, and is likely to

occur with the monoecious, and is in some cases secured (as in

Walnut and Hazelnut) by some trees being proterano.

others proterogynous, so that they will reciprocally fertilize

each other. In ordinary hermaphrodite species the expansion

of only a few blossoms at a time greatly favors the intercross-

ing of disti though, in the case of small

flowers it is attended with the disadvantage of rendering the

plants less conspicuous to insects. Our common Sundews fur-

nish a good illustration of this. They abound wherever they

occur, and are for a long while in blossom, but each plant or

spike opens but one flower at a time. The fact of bees visit-

ing the flowers of the same species as long as they can, instead

of promiscuously feeding from the various blossoms nearest

within reach, greatly favors such intercrossing. So does the

remarkable number of flowers which bees are able to visit in a

short time (of which mention will be made), and the fact that

tbey are unable to perceive without entering a flower whether

other bees have exhausted the nectar. Then dichog

maturation of one sex in a hermaphrodite flower earlier than
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the other) is so prevalent that it may almost be regarded as the

rule ; and this ensures such crossing between few-flowered

plants, and greatly favors it in the case of spikes, racemes, and

the like. For, proterandry being the commonest arrangement,

so that the younger flowers act as male, and the older as female,

and bees habitually alighting at the bottom and proceeding

upward, they carry the pollen from the upper and younger

flowers to stigmas of the lower and older flowers of the next

spike, and so on. Heterogonism (see this Journal for Decem-

ber, p. 82), which is less commoi v like com-

plete dioecious separation of the sexes in this respect, and with

the advantage that all the individuals arc seed-bearing. Most

of the special arrangements peculiar to certain families, such as

Orchids, or to plants—such as Posoqueria, with its woadreui

mechanism for quickly stopping "out access to the stigma when
the pollen is violently discharged upon some insect, but opening

the orifice the next day—are of a kind to favor the crossing of

distinct plants. Piepotency of other pollen, which may accom-

pany the other arrangements or exist independently, acts largely

and powerfully toward the same end. Our author investigates

this at some length : we cite for illustration a single but a strong

case. The stigmas of a long-styled Cowslip were supplied with

pollen from the same plant, and again, after twenty-four hours,

with pollen of a short-styled, dark-red Polyanthus, a variety of

the same species:, from the resulting seeds twenty seedlings

were raised, and all of them bore reddish flowers ; so that the

effect of the plant's own pollen, though placed on the stigmas

twenty-four hours previously, was destroyed by that of the red

variety. The same thing is shown by the impossibility i}\

many cases of raising two varieties of the same species pure if

they grow near each other. " No one who has had any experi-

ence would expect to obtain pure cabbage-seed, for ine

a plant of another variety grew within 200 or 300 yards."

And a veteran cultivator once had his whole stock of seeds

seriously bastardized by some plants of purple Kale which
flowered in a cottager's garden half a mile away. Mr. Gordon
records a case of the crossing between Primroses and Cowslips
through pollen carried by bees over more than two kilometers,

or an English mile and a quarter.

We must copy the close of this section—long though it be

—

because of ;>n of the topic in hand, and for

the teleological lesson which it teaches.

"The case of a great tree covered with innumerable hermaph-
rodite flowers, seems at first sight strongly opposed to the be-

lief in the frequency of intercrosses between
The flowers which grow on the opposite sides of such a tree will

have been exposed to somewhat different conditions, and a cross
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between them may perhaps be in some degree beneficial ; but it is

not probable that it would be nearly so beneficial as a cross be-
tween flowers on distinct trees, as we may infer from the ineffi-

ciency of pollen taken from plants which have been propagated
from the same stock, though growing on separate roots. The
number of bees which frequent certain kinds of trees when in full

flower is very great, and they may be seen flying from tree to

tree more frequently than might have been expected. Neverthe-

a Horse-chestnut or Lime-tree, an incomparably larger number of
flowers mil-;

i
I iron glit from other flowers on

should bear in mind that with the Horse-chestnut, for instance,

only one or two of the several flowers on the same peduncle pro-

duce a seed; and that this seed i- the product of only one out of

several ovules within the same ovarium. Now we know from the

experiments of Herbert and others that if one flower is fertilized

with p„]jeii whirl, is more efficient than that applied to the other

flowers on the same peduncle, the latter often drop off; and it is

probable that this would occur with many of the self-fertiiized

fertilized. Ot the flow, - atiimalh pr.'.duee.f bv a greattree.it
is almost certain that a large number would be self-fertilized;

and if we assume that the tree produced only 500 flowers, and
that this number of seeds were requisite to keep up the stock, so

that at least one seedling should hereafter struggle to maturity,

then a large proportion of the seedlings would necessarily be de-

rived from self-fertilized seeds. 1

;

produced

50,000 flowers, of which, the self-fertilized dropped off without

yielding seeds, then the cross-ic": : Id seeds

f the seed-

lings would be vigorous from being the product of a cross

between distinct individuals. In thi> manner the production of a

vast number of flowers, besides serving to entice numerous insects

and to com: lental destruction of many flowers

»>> spring-frosts or otherwise, would be a very great advantage
t" the species; and when we behold <mr orchard-trees covered

with a white sheet of bloom in the spring, we should not tai-ely

-. s ,
| „ , x though comparatively

little fruit is produced in the autumn."

The Horse-chestnut is not altogether a well-cliosen example,
for in it, as in our Buckeyes, a verv large proportion of the

flowers in the thyrsus air- usually male, with barely a vestige of

Pistil. These serve, however, to' increase the show, in the man-
ner here illustrated, as

" f Pollen -

The section on anemophilous (wind- tort

interest as survivals of the earlier phasnogamic vegetation,—

the speculation as to how, when flying insects came ti

an anemophilous plant may have been rendered entomopbi-

Am. Joob. Scl, Third Sekies-Vol. XIII, No. 74.—Fbb., 1877.
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I0USi—how pollen, being a most nutritious substance, would

soon have been discovered and devoured by insects, and by

adticrinu- to their bodies be carried from anthers to stigma and

from one flower to another,—how a waste secretion, sucb as

honey-dew or glandular exudations, may have been developed

into nectar and utilized as a lure,—the interesting illustrations

of the vast amount of pollen pre- lilous plants,

and the great distances to which their light pollen is often

carried by the wind,—all these inviting topics we must now

In passing we note the remark that il the excretion of a sweet

liquid by glands seated outside of a flower is rarely utilized as

a means of cross-fertilization by the aid of insects ;" and the

sole exception alluded to is that of the bracts of Mar<

But a parallel case is afforded by many species of h

and notably in a strii i in conservatories,

under the name of Poinsettia. Here the attraction to the eye is

supplied by the intense red coloration of ordinary leaves placed

next to the inflorescence, and that to the palate or tongue (it

either term may be allowed), by a large cup-shaped gland on

the side of the involucre, which contains or surrounds the

naked and greatly simplified flowers of both sexes._

That anemopnilotis plants arc prevailingly diclii

monoecious or dioecious) is speculatively connected with their

antiquity; that they are very largely trees or shrubs is because
" the long life of a tree or bush permits of the separation of the

sexes with much less risk of evil

failing, and seeds not being produced, than in the case of short-

lived plants. Hence it probably is, as Lecoq has remarked,

that annual plants are rarely dioecious." The number of

anemophilous species is comparatively small, but that of indi-

viduals of the species strikingly large, so that they form of

themselves, in cold -, where plant-ir"''"

ing insects are fewer, ei: of Coniferae, bi

beeches, etc., or meadows, and glades, as of grasses, sedge

rushes. Being thus either necessarily or prevailingly

: . and luv^arious, it is nor u- 1

hold their own unchanged in various parts of the world. Still

their advantage is gained at the expense of the production of

an enormous superfluity of pollen, a costly product ; and, when
dioecious, half the individuals produce no seed. Hermaphro-
ditism with dichogamy, or some equivalent, and transportation

by an appeal to the senses and appetites of insects, secures all

the advantages with least expenditure. The earliest

tion in plants took place by tl t 1 i < n of the feitilizing or

even of the :

. in manner of most of the Algae:

mainly losing this as vegetation became terrestrial, the transpor-
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tation was committed to the winds, and finally in the higher
plants more economically consigned to insects.

The eleventh chapter, on the habits of insects in relation to
the fertilization of flower.-, is one of the interesting and readable,
although the shortest. It appears that the prince of naturalists,

Aristotle, had observed more than 2000 years a.uo thai the hive-
bee visited the flowers of the same species as long as possible
before going to a different species. This holds true of all kinds
of bees and certain other insects, generally, but not absolutely.
Although, as Lubbock has recently proved, bees are much
guided by color, yet they hold to the practice just mentioned
in spite of difference in this respect, being botanists enough to

know that color is not a good specific character. Mr. Darwin
has repeatedly seen humble-bees flying straight from a red
rraxineJla to a white variety, from one Larkspur to a different

colored varietv. and the same as to Primroses and Pansies.
But two species of Poppy were by some bee treated as one

;

and H. Midler traced hivi-l.ees from blue hyacinths to blue
violets. On the other hand, Darwin's bees fly straight from
clump to clump of a yellow (Enothera without turning an inch
from their course to 'Kscliseholtzias with yellow flowers which
abound on either side. This constancy to species, however, is

manifested only when their flowers abound ; a fact which may
have led Mr. Darwin to his explanation of the reason of it.

" The cause probably lies in insects being thus enabled to work
quicker; they have just learnt how to stand in the best position

on the flower, and how far and in what direction to inset their

pi--l„ 1 <,-i (les.* They act on the same principle as dees an artificer

who has to make half-a-dozen engines, and who saves time by
making consecutively each wheel and part for all of them.
Insects, or at least bees, seem much influenced by habit in all their

manifold operations; and we shall presently s

orolla." (p. 42a)

As to this latter practic

• biting* holes through the

«. They were twice as many
as I could judge, of a Staehys and Pentste,„o>i by

upper surface of the enroll,-, and sucking through

lan by entering in the proper way. Nevertheless

i i<

e_'h both eaivx nd mlla This iction tliei fore

t. of which faculty we have abundant evidence in
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X is, of workin

Y, may here likt

ith the fact ths

only when thes

(p. 433.)

it humble-

;e grow in

e holes is don
the latter are

e only byIt appears that the cutting of the:

humble-bees, never by hive-bees. Ye
take advantage of them.

" In the early part of 1

during some weeks sever

this plant,

and daily saw humble- ami lii\ <-)>< es -licking at the mouths of the

flowers. But one dav I found several humble-bees employed in

Kitting holes in flower after flower; and on the next day every

single hive-bee, without exception, instead of alighting on the

left wing-pel Bower in the proper manner, flew

ithonl the least hesitation to the calyx, and sucked

through the holes which had been made only the day before by
the humble-bees ; and they continued this habit for many follow-

ing days. Mr. Belt has communicated to me (July 28th, 1874) a

similar case, with the sole difference that less than half of the

flowers had been perforated by tin ' ml ! s: nevertheless i

the hive-bees gave up sucking at the mouths of the flowers and

visited exclusively the bitten ones. Xow how did the hive-bees

find out so quickly that holes had been made ? Instinct seems to

be out of the question, as the plant is an exotic. The holes can-

not be seen by bees whilst standing on the wing-petals, where
they had always previously alighted. From the ease with which
bees were deceived when the petals of Lobelia Erimis were cut

off, it was clear that in this case they were" not guided to the nee-

tar by its smell; and it may be doubted whether they were
attracted to the holes in the flowers of the Phaseolus by the odor

emitted from them. Did they perceive the holes by the sense of

touch in their probo<n Sowers in the proper

manner, ami then reason that it would save them time to alight

on the outside of the flowers and use the holes ? This seems
almost too abstruse an act of reason for bees; and it is more
probable that they saw the humble-bees at work, and understand-
ing what they were about, imitated them and took advantage
of the shorter path to the nectar. Even whh
scale, such as monkeys, we shotil 1 ting that all

Lduahi of one species within the space of twenty-tour
hours understood an act performed by a distinct species, and
profited by it." (pp. 430, 431.)

But we must cut short our citations and remarks; passing by
one

.
?^. ^e most important points, relative to the amount of

fertilizing work done by insects, namely, the evidence of the
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extraordinary industry of bees and the number of flowers

which pollen is sometimes transported, is far greater than one
would have supposed. But the volume is reprinting by the

Appletons, and will soon be within the reach of all,—along
with a new edition of the orchid-fertilization book, the proper

supplement to the present work, relating as it does to the

class of plants in which the adaptation for fertilization by
insects is carried to the highest degree of specialization and
perfection.

Art. XVII.—Note on Microdiscm speciosus ; by S. W. Ford.

In my original description of this interesting Trilobite (this

Journal* August, 1873) it is stated that the thorax is composed
of four equal segments. The description, in so far as relates to

this part of the animal organization, was drawn up from the

study of a single specimen, showing the head, thorax and
pygidium in nearly their natural positions, and apparently offer-

ing decisive testimony as to the true number ot body-rings.

Somewhat more than a year ago, however, I obtained from the

Troy beds another specimen, of almost precisely the same
dimensions, showing clearly but three segments in the thorax;

and, subsequently, a much larger specimen showing the same
number. This led me to re-exam in u < i lly, the speci-

men emplo . -
| fcion, when it was found

that the head ha I si 1. and that what I had

regarded as the first pleura (all of the pleura) of one side, as

well as one-half of the'; | i" the matrix) was
a fragment of some foreign bodv that had fallen into the gap
thus made The deception, in the first instance, was rendered

all the more complete from the fact that, b\ th< displ ceim it

of the head
|

safer fold rf the ftrsl •

which is or: ; n from view by the backward

prolongation of the glabella, was exposed, thus making a very

good case for a fourth segment. I now Cottt

this species has never more than three body-rings. I have in

my collection i sm 1 rolled i

.-extremi-

ties of but two body-segments, and I was at first led to think it

possible that we had in this species an example of the meta-

morphoses of Trilobites, concerning which Barrande has taught

us so much. But as I have observed since this speeimei was

obtained, an individual of even smaller size, with three per-

' "':.' : :...!•.,;.-. •-
; - -

- '
'

at the present time. I should here also add that the last body-
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ring is not, as I originally believed it to be, firmly soldered to

the pygidium.
It is a remarkable fact that, under each of the four trilobitic

genera represented in the Troy Primordial, viz.. Obutllns, Conn-

rodiscus and Agnostus, there should be found, in this

fauna, a species affording an example of a well-marked depart-

ure from the usual structure of the genus to which it belongs.

Thus Microdiscus speciosus has but three body-rings, as already

stated, while all the other described species of the genus whose
thorax is known have [our: Agno-tus imbilis has but one body-

ring, while nearly all of the other species have two ; Conocorypke

tri/iiitala. ; [t caudal margin stands widely

apart from all the other certainly known species of the genus

;

while Olenel ike the other described species in

which the thorax has been observed, has none of its anterior

pleurae extravagantly prolonged as compared with the others.

In this respect this latter s] eeies, as Barrande has already indi-

cated, sustains the same relation to the Vermont forms of the

do the Swedish Paradoxides to their Bohemian allies.

ART. XVIIL— On Water Courses upon Long Island; by ELIAS
Lewis, Jr.

It has been estimated that of the forty-two inches of average

annual rainfall upon Long Island more than three-fourths -inks

directly into the porous soil. The excess which occurs when
the fall is unusually heavy, or the surface frozen, makes its

way into the innumerable valleys which traverse its surface.

These valleys may therefore be considered as lines of surface

drainage, the principal of which have their source on the

high grounds near the center of the island, whence a portion of

them extend northward toward Long Island Sound, others

southward to the bay or ocean.

On the r>< nd, of which we shall first speak,

many small lateral valleys open into the larger ones, cutting

the surface into a series of valleys and hills, forming a land-

scape exceedingly beautiful and picturesque.
The high grounds referred to comprise a range of hills which

extend more than sixty miles in a direction parallel with that

of the island, and which vary from 150 to 384 feet in height.

je is called, absurdly enough, the backbone of the

island. It consists, however, of glaciai drift, with boulders, many
of immense size, but is wholly without rock in place. It is

upon this range, quite at the top in many instances, that the
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tions they extend
wooded, rarely pre

An inquiry is suggested, how and when were they formed ?

The surface waste of water from the present volume of rainfall

seems wholly inadequate to produce them. Much of this perco-

lates the soil after reaching the valleys, and in many instances

the bottom of the valleys, which is usually of travels and sand,

is covered deeply by an accumulation of sedimentary matter
because the flow of water through them has not been sufficient

to maintain them at their original dept.h. In the great water-

course which opens at Glen Cove there occurs, three miles south-

ward from its termination, a deposit of fine clay six feet or

more in thickness, and thirty feet below accumulated sediment
in the valley. The fact that such deposits occur in the old

water courses suggests, we think, feeble energy of erosion, and
points to a time when it was more active than now.
The formation and maintenance of a vallev implies that the

material which filled it, or which might have" filled it, has been

removed by a stream of sufficient volume to accomplish the

work. A 'quantity of rainfall is conceivable which would
erode and deepen the valleys in question, and that such oc-

cured at a former period is quite possible, but we insist that

while some erosion must occur when water moves over the

surface of the ground, that the great development of these

valleys, espe
i rce, and upon the highest grounds,

is not explained by the «te The watershed of

t i isi m ! u pun i ie ,,,'i - is narrow; frequently a few rods, or

feet separates the so n >t i valley extending northward from

one running southward.
We are inclined to look to an agent other than rail

the development of the surface sculpture of Long Island.

Excepting its lower beds which may consist ot Tertiary or Cre-

taceous deposits, or of both, the island is a glacial moraine,—

a

mass of debris both unmodified, and in every stage and form

of modification. The surface valleys were evidently water-

courses for - supplied by the ever wasting ice

while it still lav upon the coast. From this cause a deep ero-

sion of the highest grounds was possible, and the general con-

tour erf the Si . The direction and course of all

« origin. So deeply

marked and well defined are they that little change n tfa r

general aspect seems to have taken place since the d

anee of the ice sheet from the coast. If from the surface valleys

we turn to the similar but vastly greater ones on the north side

of the island which now constitute the series of magnificent

harbors upon its coast, we find proof that they too had their
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origin in glacial times. These harbors are eight in number, and
although in glacial drift are as truly fiords as those along the

rocky coast of Greenland. They extend into the island from

three to six miles, they are from half a mile to a mile and a

half broad and are in the deeper portions from ten to twenty-

five feet deep. They were probably deeper when free from
sediment. In a few instances v ts are strong

the water is from thirty to fifty feet deep. The land on either

side of the fiords is from a few feet to as much as 200 feet

above tide, and the valleys continue long distances inland

beyond where the tides reach. Many lateral valleys open into

these, evidently cut by glacial streams. It is extremely prob-

able that these great fiords were, at an early stage of the

formation of the island, water-courses opening to the ocean, and
were maintained as such until filled by accumulating drift.

This may have occurred while tbe ice sheet still lay over the

region, and the streams were under or sub-glacial ones. When
however the valleys were finally filled with drift at their ter-

minus the waters were arrested, and thenceforth discharged
eastward and westward through, what is now, Long Island

Sound.
There is no evidence that the fiord valleys have changed in

their general contour since the glaciers disappeared. The facts

undoubtedly imply that the coast stood at a greater elevation

than now, for tbe glacial-fed streams must have swept the fiord

valleys to their bottom. But Prof. Dana has shown long since

that the Glacial period was probably one of elevation of North-
ern lands.

There is reason for tbe conclusion, however, that some deep-

ening of the principal surface valleys has taken place subse-

quently to the disappearance of the ice, which may be attributed

to streams. There occurs in many instances fragmental depos-

its of sand and gravel along their banks, ten to twenty or

more feet above the bottom, which seem to be remains of flood

plains, and indicate erosion to that extent If this be correct, a

more abundant rainfall at a former period is suggested, and it

e occurred while the ice still lav upon New England.
Chilled by its presence the vapor-laden air from tbe ocean
might have dropped its moisture in more abundant rain or snow
upon the coast, and local accumulation of snow upon the hills

' t iiiuv have aided in swelling the eroding streams.

The water-courses which open southward from the central hills

of the island extend over a nearly uniform plain; they are of

moderate depth, rarely greater than twenty feet, have few tribu-

taries, and are quite din -t and < <mtin ions fi >sn the hills to the
bay. They are over a formation geologicall v different from that
on the north side of the hills, it be -I and sand,
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proving the presence of the ocean over the region subsequent
to the deposit of the drift. The stratified beds occur at all

heights up to 260 feet aply a submergence of

the coast to that extent. There still remained, however, many
elevations above the ocean (or if they were submerged their

contour was not altered), for they now show the same develop-
ment of old valleys as we have noticed on the north side of the
hills. This is important in explaining the newer valleys over
the stratified, and newer beds. We have traced several of these

to their source, and find that in each instance the new valley is

a continuation of an old one. These new valleys are called

locally "plain valleys," because they traverse the plains, and
there are thirty of them between East"New York and Riverhead,
a distance of fifty miles.

It is easy to see why the new valleys are continuous with
those upon i

' i_l i _ in !

i 1
i i n upon the

region would flow into the old valleys, giving direction to the

which was probably the closing of the Glacial, or opening of

the Champlain period, would continually empty into the bay or

ocean near. As the coast arose from the water the shore line

receded, but the streams would still reach it, and slowly but
surely erode the plain valleys in question. It thus appears

that the water courses over the modi tied drift oft! pi is have
their origin in older valleys worn by glacial torrents in a pre-

ceding age.

There is a source of valley erosion on both sides of Long
Island which has not yet been mentioned. It arises from springs

fed from rainfall, which break out and flow during the whole,

or part of the vear in some of the valleys. These springs are

from under-dramage. On the south side of the island they ap-

pear from one to three miles from the coast, forming streams of

great beauty and purity. It is from this source that the city of

Brooklyn is supplied with its wonderfully pure water. There
is reason to conclude that the springs broke out farther inland

at a former period. On the north side of the island springs

appear in some of the valleys trom which small streams flow a

part of the year. In both instances, however, we should not

expect the cropping out of springs, in valleys, until the valleys

were formed. It is because, in most in.-tanres. the valleys have
been cut down, to the level of saturation
a»d if at anv period they cropped out farther inland in the

valleys, or upon a higher level, it was because the level of

saturation was higher than it now is. Anv subsequent lower-

ing of it has ari-'eii fro n dim lished supply of water, conse-

In review the following conclusions seem to be sustained :—
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1. The formation of the principal valleys about the hills of

central Long Island and northward to the Sound was concur-

rent with the closing period of the ice over the region, but some
deepening has taken place by water from rainfall, both from its

of the valleys.

2. The great fiord valleys were contemporaneous with the

progress of the ice period.

3. The " plain valleys " have been formed by streams from

both surface an: 1 under-draina _re. ami originated 'in older valleys

which determined the flow of the eroding waters.

4. A further conclusion is suggested that the volume of

precipitation over the region was greater at a former period

than at the present time.

SCIENTIFIC INTELLIGENCE.
I. Chemistry and Physics.

1. On the /'..•/•;7<"-.'//,,„
,.f If./Jr,,,,, ,, ,/,t$. Although the use of

hydrogen gas as a reducing agent in analytical operations has

become quite general since it was proposed by Hose, yet no

method of his gas has been described. Scho-

big has made a series of experiments upon the use of a saturated

solution of potassium
]

purpose, the results

of which appear to be quite satisfactory. Tli purines , ih-h

were introduced were the hydrogen compounds of sulphur, phos-

phorus, arsenic, antimony and carbon. The permanganate was
used as neutral, acid, and alkaline solution, contained in a Bun-
sen wash-bottle. Careful examination of the gas after passing

through a layer 10 cm. thick of the solution, either when only a

eurity was present or when all were mixed together,

failed to shew'a trace of foreign su'ostanee. Hydrogen sulphide

was found to be best removed lee an alkaline solution; the other

suli-tunees l.v ;, m-utral or acid one. Even coal gas after passing

slowly through a thickness of ten centimeters of the solution,

deposited no carbon when passed through an ignited tube, the

carbon being oxidized to carbon dioxide. As to the question

whether hydrogen itself is not oxidized by the permanganate, the

nade comparative experiments with neutral, acid and
alkaline solutions, which showed that oxidation does take place,

the maximum rate heiug ahout a third of a cubic centimeter per

hour under the conditions employed, and this in the neutral solu-

tion. With the hydrogen thus perfectly purified the author
su , ,,,_..,, ,

, in the daik and in the
absence of organic matter. In diln er separated
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2. On Hyporanadic Oxide and its Compounds.—Crow has

tetroxide) and some of its comnoui being deter-

mined analytically either by titrition with permanganate or by
fusing and weighing as pentoxide. Hypovanadic oxide. p.v, ,a ivd

by heating the chloride to redness in an atmosphere of rarhon

It is a 'dark-. nMe in water, sohibfe
in acids or "alkalies, and absorbs oxvgen from the air. The
hydrate, obtained l.v precipitating a solution of the sulphate or

chloride with sodium carbonate,' filtering in an atmosphere of

water, both po*
ders. Two similar .'r-., raine.l. The chloride,

V 2 4 C1,, (H.O)„ prepared by dissolving the pentoxide in

id I I <n_U •
sulphide.

: -
.

•
.

'

•

sl.aned crystals, when the sulphate or chloride is treated with ex-

cess of potassium hydrate and allowed to stand, closely stoppered,

some hours. The sodium salt is sin >'", barium,
lead and >iher salts, the last two of which are anhydrous, are also

described as brown or black precipitates.—,/ Chem. Xoc, xxx,

453, Nov., 1876. G. r. b.

by Liin^. an nd'a view that they are paired

S^^valent'^^
H—O—NO=:=NO-—<K

>Pt,

H—O NO=:=NO—0-"

being called platotetrauitrosylic acid or platonitrosylic acid, and

:,» compounds contain-

which, to the four mtrosj

there are two piatinun is and -n more atom of oxygen.

This radical h Itrosyl, the free acid,

H—O NO=:=NO O PK.

H—O—NO=:=NO 0~-IV'
being diplatonitrosylic acid and the salts diplatonitrites. Xi—n

. .,
,

.::...,:....:.
magnesium. as, ferrous, cupnc, zinc,
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cadmium, mercurous, aluminum, yttrium, erbium, cerium, lantha-

num and didvitiiuni [il:i t< niitrites, and silver, glucinum, aluminum,
chromous, indium and ferric diplatonitrites. The former salts

are for the most part beautifully crystallized, though the solution

must be concentrated, since they are very soluble' in water. The
d [ lit it t i, with the exception of the silver salt, which is green,

are characterized by their brilliant red color.

—

Ber. Berl. (Jhem.

Ges., ix, 1722, Dec. 1876. g. f. b.

4. On the behavior of Palladia),, in the Alcohol flame.—
"Woiii.ei:, as earlv as 1824. having observed that palladium, cithi r

in the form of foil or sponge, when heated in an alcohol flame

covered itself with a thick layer of carbon, rendering the metal
porous and brittle, and having, upon (iraham's discovery of the

remarkable occlusion of hvdro<rt n l>v this metal, assumed this as

the cause of the phenomenon observed by him, has now sought to

verify the supposition by passing pure dry ethylene gas over
palladium sponge, first at 100°, then at higher temperatures; but
no result wTas obtained until a red la at was reached, when carbon
was deposited and hydrogen evolved; the temperature being
below that, however, at which ethylene itself decomposes. Since
» i,

t - tlinity lor carbon, the author suggests that the

result observed may be due to an alternate union with hydrogen
and separation therefrom. He also d< -scribes a convenient appa-
ratus for showing the absorption of hydrogen by palla

its evolution on heating.- Bo: Ba-L* Chcm. Ges., ix, 1 7 i 3, Dec.
1876. G. F. B.

5. On two new Z>ichlo,-»>i/,hth„kn,s.—TLhe a and fi varieties

of diehlornaphthalene, described by Faust and Saame, have
fusing points of 35-36° and of 68° respectively ; the y variety,

obtained by Atterberg, fuses at 107°. Clkve has prepared two
new forms of this substance, tf-dichlornaphthalene, fusing at 114°,

and f-dichlornaphthalene, fusing at 135*, by the action of phos-

phoric chloride upon the calcium salts of the two napthalene-di-
sulpl -mi, ,, ids ,h scribed by Ebert and Merz. The former body
is easily soluble in boiling alcohol, from which it crystallizes in

broad brilliant plates. The latter is much less soluble and crys-

tallizes in brilliant frimn*-~JBull. Xoc. <h., II, xxvi, 244, Oct.

6. Emodinfrom the bark ofRhamnus franqvla.- -Liebkkmank
and Wall-, .stance con-

tained in the bark of Rhamnusfrangula (buckthorn) with a view
to ascertain the relation of the frangulinic acid of Faust, whieh he

r;!

arin. The c reel.- ! ne,l tr ,m Merck. and

hark uith I soda sola

hydro acid. and after

:x:
ting this

s, recrystallizing from a Olio). It irysta

. ies of e gluo .side. Purified

;rystallizatio . '< 1 act •id, it .ifu!

i silky needh-*< whi • subli nia'i on and ; crystallizs
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from absolute alcohol gave on analysis the formula C,
B
H I0O 5 ,

which is that also of emodin, obtained from rhubarb root, as
Licbennann I, ad -h..\vn. The aeet vl-derivative was prepared, and
found to be acetyl-emodin. The hydrocarbon obtained by distill-

ing it with zinc dust, was a mixture of anthracene with'methyl-
anthraccne, as its oxidation products showed. A close compar-
ison proved The substance to be identical with emodin. The bark
contains only about 02 per cent of it. Whether frangulinic acid
also actually exists in the bark, the authors promise further inves-

tigation to determine.—Per. Berl. Chem. Ges., ix, 1775, Dec.
1876. G. F. B.

7. On the Pht.Aalei.ns of tertiary <,rn,„ntic Poses.—The remark-
able anah _, between di'methvlaniliue and phenol, shown in the

1
i dm ti , li , 1 h- irom the t rm r \>\ in iction

similar to the synthesis by Kolbe of salicylic acid from the latter;

has led Fischer to follow up this analogy and to produce a

phthaiein of dimethylaniline cones

,

'he phtha-

lein of phenol, one of liaever's remarkable bodies. This re-

semblance is clearly shown in the following formulas of these

,ro.r, FT OH ^-CO.C
6
H

4
N(CH 3 ) 2

^CO.C 6
H4

N(CH
3 ) 2

The new phthaiein was obtained by the action of dimethylaniline

ipon phthalic chloride. The mixture heat-, foams violently, and
>ecomes dark-green in color. Water is added, the excess of

limethylaniline is removed by evaporation, and there is left a

esinous mass which • gives greenish-
rplUw .^^es. it forms mono- and di-chlorides, chloro-platinates

,, the former of which are green, the latter yellow.

a colorless base, like the phtha-
- X 1753, Dec. 1876.

8. Standard Meter.—M. G. Matthky presented to the French
Acad, my at their meeting of Dec. 4th the platinum-indium 4-

The metals were pre. ,;, -Claire Deville and
Debray, and each time 450 ounces of platinum and 55 (50?) ounces

n were used. Five ingots thus prepared were cut in

small piece,. l, v :l hydraulic press. The fragments were then

melted in the "same furnace and kept in a liquid state for a long

timebyarlun. ot \ _, u nd burning gas. The new ;

i. dV The faces of the hammer and am il were

°i' polished steel constantly rubbed. The sin

scraped were again melted" in a m - -
produced

a very homogeneous mass free from cracks or roughness on the

bottom, sides or top. - a bar was obtained

35 cms. long 7-5 cms wide and J'ociik
15-105 kgs. jravity of 21-522. A third of the



bar was cut off and the other two-thirds when forced and well
annealed had the following dimension, : Length. 95 cms.: l.readth,

2-5 cms.; thickness, 2 cms. Its weigh' i.ht'imln 15 legs ui.i

its specific gravity, 21 '048. The bar was next rolled between
polished cylinders and brought to very nearly the required dimen-
sions, of length 410 cms., breadth 2'1 cms., and thickness -5 cms.
Finally, a perfectly rectangular form was given to the bar bv
drawing it several times through a hole in a plate of steel. Each
time the bar was heated to the highest temperature by a very
large gas blowpipe fed with oxygen, and it was passed through
the same hole until a force was no longer required to draw it

nd it no longer underwent a sensible elongation. Each
time when hammered, rolled or drawn, the metal, heated
either in a great muffle or by the blowpipe, was cleaned by melted
borax and by concentrated chlorhvdric acid. The rule ought to

receive from the makers, MA!, ibainn. r, the high degree of polish

of which it is susceptible, and which h, its present rough eondi-

M. Devil le in commenting on this communication gave the fol-

lowing result of an analysis of a portion ,,f this alloy : Platinum,
89-42; iridium, 10-22; rhodium, -16; ruthenium, -10; iron, -06;

total, 99-96. The density computed from that of these compo-
nents was 21-515; that observed, 21-516. A second analysis

gave by computation 21-51; by observation, 21-508. He then
two tubes of the same alloy made from the portion cut

off from the bar as described above. These tubes are closed by
sph ical cups, of whi one term ites in a pillary tub. vhich

manometer. Each of these tubes is more than a meter long and one
of t hem has a capacity of over a liter. This is to serve as an air ther-

mometer for the determination of the boiling points of various
liquids under known pressures. These tubes will have on their sur-

faces two lines a meter apart. The deviation compared with that

of the second tube which will be kept in ice, will enable the exact

• to be calculated. This will carry out a Mig option
long since made by Regnault, and whi.-h lias been applied to the

measurement of high temperatures. It will be interesting to

the measurement of the lowest temperatures
so far attained. These researches have an important bearing on
metrologr. All -ubs; :l r;ce- capable of bei,c tempered, as glass

and steel undergo a change with time. Others which like zinc

with changes of temperature also change with time.
Hyaline quartz, according to Mr. '

,,! from this

change. I> ',
steel, zinc or quartz?

This question will be solved by weighing the quantity of water
- will contain tit o°. After all the experi-

tnents in ..;,.,! between very wide
limits tie capacity of the tube will be again measured. Each

- :

.

:

' . •
;

' _
:..• -•-

sent the volume of the tube corresponding to a change of one-
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;housandths of a millimeter in the disl :e hetweei 1 the i iiu

narked on the tube.- Comptes Rendu
0. Film* of \V.,t,<>-.—Mr. '

rxLOR rad tli( \ U
Ion Physical SifK

y.
on the c capillary till

The author endeavc
eliminate the action of all forces except that of gravity by i

merging his " valves" in water. The models which he exhibit

li a piston.' whi,

iapable of lifting by cohe;
"

Of 111.Jtal, the natur e of the surfaces in contact differing in i the sev-
oral Fro m he concludes
that the titn e d.irinS n be si

Kb. Upoi i the - ize of the surfac e of contact, >rence of
press.-ire within an d v. moving parts,

of the <valve. Oi i the contra
_

ry, dry bodie s, such as Whit-
worri i's surfs.co pi:

,
will adhere "for an indent od. Mr.

Tylo, rs tlia t thb supporting of a body in due to a
.lifterence of pressu i the water itself and he adduced Giffa

orassh tha He has
also the fc of a drop oi

when a fly walks on a ceilin the same
maim er as th eheavy valves in the tnodels exhibit.ed.—JVa t»re, xv,

10. Fog-Signals.—Prof. Henry at the recent meeting of the
United States National Academy communicated some additional

ted and elaborate researches con-
cerning sound in relation to fog-signals. His principal investiga-

tion this year had reference to the divergence of sound, especially
as to the phenomenon kt i .n,, is t Oceai Echo fo test the ex-

planation given by Prof. Tyndall. "i from the
:i »-. the trumpet of a siren was turned directly to the zenith. The
blast was exceedingly- intense, but no echo was heard from the

'ion of the axis of the trumpet, i. e., from the zenith.

A loud echo was, however, hear. 1
, from the whole circumference

of the horiz. . m on land, the other half on water.

This was repeated man \ iiu -. ad » .-with the same result.

In one case a small cloud passed directiv across the zenith, from

t<-w drops of rain fell into the mouth of the trumpet;
st '! no sound was heard from the zenith, although sound con-

be heard from around the horizon. In this case on ac-

count of the divergence of the sound, portions of waves in every
direction must have descended to the horizon, and as some of
these must have reached the plane of the ocean in a path curv-

toward the s.-mree of sound, they would, when they
reached the ear of the ob- net th emu tt -

<
seem

as if coming from a point in the horizon, and hence would give
nse to the phenomenon of the
terent distances from the ear (
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rentv seconds. This could only 1

ctio'n from a series of surfaces pi
• i>f the material of the a

ine of probabilities) would not

construction of these instruments appears in Nature for Nov. 30th,

1876 (xv, 101). For some time after the introduction of subma-
rine telegraphy the mirror galvanometer was the only instrument
delicate enough to receive the messages transmitted through a

long cable. The clerks must here read the message by watching
the deviations of a spot of light from side to side. The siphon-
recorder serves to draw a sinuous line by which the message is

recorded in permanent form. The speed of sending will be greatly
increased by sending alter each current a seconcTin the opposite
direction. This is effected by the curb-sender. Three rows of
holes are punched in a long strip of paper, the central row serving
to carry the paper through the machine and the row on one side

corresponding to the dots or positive currents, that on the other
to the lines, or negative currents. When the paper passes through
the machine it receives by clock-work a uniform motion. Two
prickers are placed so as to correspond to the two outer rows of

holes._ When a hole passes, the corresponding pricker falls into

it, and ™
"wheel

S litis a spring through an opening in the im of;

iv\olvi The spring being caught in the rim of the

wheel s obliged o remain there until the wh
nd the open free it

The wheel makes one revolu SeS th(

When the spring is ie rim of the viueli

>etween the battery and another set of -

t is sent throi gh the cable, and shortly aft. r i

is sent hi the opposite direction. The"
are rev >rsed when the other pri =ker acts. & C. P.

IL Geology axd Mineralogy.

1. Report on the Transportation route along the Wisconsin and
!' Rir,r, /,/ '/, V t, , r Wis,;,,,*!,,, bet.ii. en tin

River and Lake Michigan; by Gouvbrneur K. Waukkx,
Major ot Engineer- and iirevet Major General, 17. S. Army. 114

pp. Svo, with many maps. Senate Ex. Document, No. 28, 44th
( 'i-f '" >'> ishmgion. 1-7 (,.„,, ,

\\ U1 „\ Report gives,
- v-tory of geographical knowledge and surveys respecting

ransportation route, then an account of the w
done by him or under his direction. We take the fol-

lowing facts from it.

The two streams—the Fox River which joins Lake Michigan at
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the head of Green Bay, and the Wisconsin, which empties into
the Mississippi at Prairie du Chien, come within a mile and a half
of one another, at hen, Is in each, near Portage City, where a
granite ridge lies near the surface. The summit of this Portage
region is about 218 feet above Lake Michigan, and 188 above , F,o

Uioh.-il.pi, and the summit of this water level 2084 and 178*
feet. The stream from Portage eastward (Fox River) passes
through La; dcs three smaller lakes), with a
descent of 39 feet, and then plunges down the remaining I69J
feet along a limestone u'or-e whose sides are liltv the. or le-s in

height. ° °
y

The region of Lake Winnebago is bordered on the west by a

..,,; .

"» the view thai the whole alluvial area was originally;a lake ; at

feet, so that the westward flow would have neees-arilv taken place

were the water, at the In font required to make the lake. After-
vn 'h , w, . .u, v„l 11( , i„ the , nth ht> tal whnhdetir-

lope, tow n i
'

t ni_ thu- tin

,Ir .l Tlot tl,;= oviKoirlonpn nppnriwl after

ft from the alluvial p
The facts : -e tliev tend to prove

that the gub ! (that following the

-heaai;.- .:. of the Continent, ill

> - 1 I i ,n_ t ^ 1 tj.nl

. -

of change of level.

General Warren obtained the same proofs of a northward sink-

_ 1 , i „ • tbmi the Upper

.
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ous rising of the land to the north (as referred to in a notice of
his report in this Journal, vol. ix, p. 3 13); thus sustaining the

idea of an elevation of the interior of '
'

of the Glacial period, and an elevatio

north. These conclusions—an elev

northward, followed after the Glacia
creasing northward—were reached v,

conceived hypothesis.

Maud-bars.—Gen. Warren also describes with detail the form and
structure of the sand-bars in the Wisconsin River, giving facts that

are of general geological interest. The surface of these bars has
a gradual pitch up stream, and a steep front down stream—as in

a ripple mark. The sands are dropped where there is still water
along the shores, but the larger part in the still water on the

down-stream edge of the bars, thus building up this edge toward
the water's surface. The sand, where the current is strong,
" is moved along the gentle slope of the upper side till the crest is

reached, when it falls over and stops in the still water below."
The bar thus grows and becomes more convex in its down-stream
outline. Such sand-bars have a channel of deep water either

side, and also tend to make, by actum' as a dam at the low-water
stage of the stream, large areas of deep still water above them.
The changes in the current produced by the growth of the bars

and the greater changes from change of level in the river by
floods, produces frequent changes in the bars, so that they are not
the same in position from year to year. At very low water, the

bars may be mostly dry, with win is of water
among them. This tends to improve the navigation for the time ;

but a rise, if small and temporary, sends the water across these

channels and fills them up.

The sand-bars made in the Mississippi by the discharge of the

Wisconsin are of great extent. 1.

channel to the west shore, they act as a dam and make an area of

relatively stiii water above, thus causing good navigation above
the junction and bad below—a common fact at junctions in the

rivers of the Mississippi basin. The Wisconsin River flows from
a region of much less summer rain than the .Mississippi, and is

often at low-water stage when the latter is high ; and hence it is

made very shoal by sand-bars formed in its mouth.
The sands of the Wisconsin River bars are almo-i

ceous, and come from the drift deposits bordering its course.
' The

specific gravity, "excluding voids.'" of two specimens from dif-

ferent parts was 2-6392 and 26667. For comparison the specific

gravity of other sands was obtained, as follows: at St. 1'aul,

Minnesota, on the Mississippi, 2-6397; at Rock Island, lilim.i-,

..fC'omie. ticui River, 2-6406; at

Block Island, R. L, 2-6392; at Newport, U. I., 26563. The
Report also compares different <a;ids ; !S to proportional fineness,
giving the proportion that passed through sieves of different
grades ; and, also, as to the changes in volume in different sands
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id packed. The loose sands of thedue to wetting when loose and packed. The loose sands of the
Wisconsin River shrink in volume -nu.i, and -ol (>7 ( two speri-
mens); while that of Saint Paul shrinks -0695; that of Ulo.-k
Island, R. I., -0788, and that of Newport, U. I., -1352. These
invent igations of different sands were made in order to ascertain

2. Ice ir,,rh >,<„r ,/,,;,,,/ ,„> //, X. „,;, „„,//,„',,/. —.Mr. S. Mixne
gives many valuable fact's on modern ice-work in Newfoundland
in a paper in the Geological Magazine for September last, from
which the following are here cited.

Ice forms on the shores from the spray and occasional snows,

em paik s t >, ,
i

, i i li .

shght den, <t i, o, 'porti,,,,,

!
,f the main land. He stated thai 'he Shet-
land and the Faroe Isles were orer-topped by the Scandinavian
we in its onward march toward the Atlantic.
During :

v. In the north island
of Unst, the direction of the strife, the bowlders on the surface,
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and the stones in the till, clearly indicate that this island win
glaciated hy a mass of ire moving from east to west. The proofs

of continental glaciation, which are comparatively clear in the

north, are obscured in a great measure in the main island l»v the

effects of a local ice-sheet. The nature of the bowlder clav, as well

as the trend of the striae in various localities, show that the move-
ment of this local sheet was influenced by the general features of

the country. In addition to these markings, however, others were

found which could not have been produced by ice shedding off the

land in the ordinary way. These cross the" island, regardless of

its physical features, and are often at right angles to the newer
set. Lastly, the wide distribution of morainic matter wiili groups

of moraines indicate the gradual disappearance of the local ice-

sheet and the presence of small glaciers, where the ground pre-

sented favorable conditions for their development,
The islands are dotted over with small lochs; the most of these

lie in peat or drift, while others occupy true rock basins The
singular absence oi marine terraces ought not to escape notice, as

hearing on the recent geological history of these islands, since the

voes or sea-lochs are admirably adapted for their preservation.

These observations will be described in detail in a forthcoming

paper before the Geological Society. John Horne.
— Xnture. Dec. 14, 1876.

4. Xote on the relations ofBalnnm />'/, llnims of the < •.iliformn

31;,„,„,: ; hy T. A. Conrad. (From a letter to J. D. Dana, dated

Philadelphia, Dec. 4, 1876.)—Some time ago I wrote you for

your opinion of the propriety of classing linlmms KstrelOmns (Ta-

mionoma t/r- '.-tn. It seemed so strange to me,

that a memb, i t t Rn I -• < A u !d b, in Miocene strata, that I

have recently studied its characters anew, and find it to be a true

linln,,,,*. and I think you will agree with me. if you consult the

figure and description of 11. h, ,;, figured in Darwin's Monograph,
pi. 4, fig. 2. In that ii its septa of the precise

character of JJ. Kstr>lln„ns; besides, the loss of the basis -hows

the same structure as other Balani. but the opercular valves are

not preserved. Mr. <-obb fulh agrees with mv determination.

I have also had occasion to restrict the number of genera which

Thus I eliminate the genus Cw.nl

i

- t ami.

it being represented by fdonenrca. I think also that Trigonia
died out at the close of the Cretaceous; for, of the many m>< <ies

known, none had ribs radiating from the beak, like a ( ,,„/;,<„:

and being unknown in Eocene strata; when the allied genus

appear- in the Miocene and recent fauna it assumes the radiated

structure. I also exclude bom th < i.ti istowKth. following

genera of Vener'nhe : CnlUsia. <nn/»t,ts, Dione, Qrateloupea,

<'r<ir t. .urn,,,,,*. i, <;,., />,,<,„;<i. 3/ercenaria, Venvs, etc., retain-

ing ii j Lpf, , / j r '
i, i i \ I> , ojiiis Some

•'"/</, <)siren, A mm, In, SpondyUs,
Axinoux, Ikirritella, etc., were continued from Cretaceous strata to
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the recent period, but I have not yet made out a list of all the
extinct genera. As it is interesting to note the occurrence of cor-

responding extinct genera in America and India of the same Cre-
taceous horizon, 1 would remark that in Stoliezka's Paleontology
of Southern India, furs. 1 to 5, pi. vi, represent the aenus Vyclo-
thyris, though referred to Caclan.eria by Stoliezka ; and fiVs.' l 7-

19 {Cytheria Stol.) belong'to Aphrodina Con. Both of these
genera are <oninn.ii in North Carolina.

5. Strnmutopora.—In the number of the Annals and Magazine
of Natural History for January, Stromatopora concentric i is pro-

nounced a Sponge" in a paper on a new genus of Cretaceous Hex-
actinelli I Spouses, by W. J. Sollas. A second paper, by H. J.

Carter, treats of the Vl relationship of IL/.lrurt;,,io. l>„,-k,-ri«,

and St,- ^ lll t,,
!

.,,,-ll . \ !, U s making the genus, or part of it. llvdroid in

its relations, and so removing it, far from the Protozoans.*
6. Geological Survey of Victoria. Report, of Progress, by R.

Brough Smyth.—The most important Report in t hi- volume is a

kmg one on the Devonian rocks of North Gippsland, by A. W.

7. Fossil Elephant in Washington Territory; by Wit. O. Matz-
gee. (From a letter dated Duv'town. Washington Territory. July
*. i^o.l-The bones include a pelvis, jaw bone, tusk, and other-.

the task i- jaw bone is two feet wide,
one tooth on a side, measuring at top ten inches by three. The
discoverer t

i
- of at least five indi-

'eh'i., u tlVbol!', > Cretace-
-

of Vancouver, or the Chico "roup of California. No Vancouver
*P<''cs i- found timou..- thetn. They may belong just below the

<-/eiaceous. Out oft! -ks, three—Ammonites

S iczi !nd iuceOa Piochii, are well-known

TtnSiJEn JVew Guinea.-Mr. C. S. Wh.kixsox,
•>t the Ceological Survey of New South Wales, after an exatmna-
«»» <>f specimens obtained in New Guinea by William MacLeay,
Esq., announces the occur, f Galea i-

J

Fthe E«MrJfiwM,-a fact of

mud. int
i ., ,i u ,., ,ds have yet been re-

ported from i:,- t , d • »« found in Victoria



and South \usti ilia Professor M'Coy, as Mr. Wilkin
has shown that the Miocene fossils ol Southern A us
closely related generic-ally, and even specifically to thos

anti-chajulata, species of Ostrea, C
T.n-rlh-lla, \sta,-t.<, Carl, -la. Lcla, !«k, f./pra-a, and other
genera. Mr. Wilkinson makes the following concluding observa-

The discovery of these Miocene beds on the southern coast of
New Guinea is one of considerable importance. Their occurrence.

wit', th Vu-"li ,r borne out
by the fact of the shall, )« i ss of rh iniervenino- sea
From geological ditn it is b h, 1 tint tl . < mtinent [Aus-

since the (',
;!| least i„ Victoria, for the lava

flows of that age, now forming the Werribce Plains, were mb-
),„,,;„< flows. And Mr. Daintrce, formerly '•overnment geolo-
gist of Queensland, shows, in his pamphlet on the Geolo U v of

m lit*! i , !,«
i ,

'.
, tion ol Australia" has

taken place since the volcanic outbursts of a late Tertiarv epoch.
Now, it i> in the 1 "t , < 11 ,h i ne deposits [or Qua-
ternary] that are found the rernah ,„pv's-
1», ,-,<, ,!,„,, M , ,,,,„,< ,;„,„. ;,„. ,,;, .;.7 „

i

.

itl(1 others; and. as

I representath - noi ilia and New
Gun, en. it is not i .;imals, whose
bones are found in V, hen, < ,„,,! in both
those countries. And farther, as the luxuriant vegetation and

1 i i], -pose to be t tor the sup-
port of thos,

[n x.u- Guinea, is it

rash to eonjeeturt m , rl , _ tares may not be
re tit the present time? Farther researches may prove

eh
with at atlas in

4
'to. I-Jruxelles. 18'

sites eschar,,:,/,,.
|

'F Forbesi,
F.aspera,Ffibrosa ,

/•: >;.,thla,r lira ; <'/„„„ t, , .</,-;,,(. //a. L, r 'a,ia

"ta, L r„„7 „v,,„, >t,:,
}
,hnnn „a ,,,,-t,,,. \ rh a ,i "'<>-

Its. I^ntameras K„if,/,tii, P. „/,{,, „,,„,-. (),-(/,;, ,.o,,ai;c»lata,
I ,/'>,>

, 1 >, , , s, ,,, , „ M t ,'<

tumida ; Ptar aea a , / .-
, VJ ;,, s ;,j-

*«, ®i '•' » m i t i ( i, baehu, Brontms
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Partsehii, Harpes ungula, and others ; and there are as many from

expressed by M,'< ..', ,',., ,, _ „ 1
•

'

tl _,
'

, i il,< i ,t 1\

was subjected to the same general influences i'l pecics ur

has describe.

!

lias Ion- work d in

Australian Geology.
11. On the S,;eu;t;<> mountain* <,f Ditro, and the Trarhyti,;

ITargitta, near'jBMosch in Eastern Tr<r,,s>/Ira,, hi, tritl, ohsi-rra-

tio,,* on the {nrih-roos Dhtriets <>f Vor';,y„,to,{- <u„; Xayyag,
by Prof. G. vosr Rath. 55 pp. 8vo. Bonn, 1876.—The Syenitic

mountain-, ot Dm,,, d.s.uWd \>\ li.rf \ «ni U.ith. tUend from

GyergyoSzt. Miklos to Szarhegy and Ditro. having i em; h oi

i . ...
rock consists ot , _,u to jrreenis -my n phcli (

t I
vhite

orthoclase and oligoclase, black hornblende with some l.iotne,

zircon, sphene, magnetite, and pyrite, and is either coarse or fine

grained. i In ela lit( is i, -rains ml isi i I iss s two
thirds of an inch through. The miaseyte graduates into the

liti vie. or a rod _ »ul sol Una- in

in addition to the ingredients A the mias-

eyte. The orthoclase of the ditroyte gave Prof, vom Rath the

oxygen ratio 1-018 : 3 : 11 438; and the blue sodahte was lound

Si 38-66, Si 32-61, Ca 0-95, K 104, Na 13-28, Na 3-93, fl 2-36, CI 6-08.

In these mountains there is also a reddish quart/less syenyte-like

rock, consisting of a r .:><* biotite and horn-

blende with some yellow sphene.
Prof vom Rath describes in this paper also the trachytic rocks

of the vicinity and their relati. as, \

-

'

"
•

''• - "

e,l Xadj-ak). In the YOrospataK. region as

. the gold-bearing rocks are: (!) the ( ar, ,.th,an

'andstone referred to the Eocene containing beds ot argillyte and

laving vertical ore-bearing veins ; (:>) U ldston -porphyry, which

md large dihexah' f a " p-rphyrkic sand-

'tone newer than the Carpathian, which is iccompamed by a

irystalline slate, and sometimes becomes a breccia, and is inter-

acted by numerous small veins ,,; quart/ and pyrite. _
»" of Western Cornwall; 3. A
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relations of diorytes and other " greenstones." The rocks which

it describes are greenish slates, greenish crystalline rocks without

a trace of lamination, into which the slates pass by gradual or

abrupt transitions, and also killas or clay-slate. The kinds of

greenstone least metamorphic consist, as seen in thin sections

under the microscope, of a plagioclase feldspar, augite or diallage,

magnetic titanic iron, with occasional specks of pyrite, and also a

little apatite, and with rarely flakes of brown mica, some horn-

blende, and a chlorite. The more altered kinds have a semi-

transparent base, through which hornblende and the chlorite are

thickly disseminated; and in it there are green pseudomorphs
'

j, and faint outlines of feldspar crystals. In some placer

lara-e crystals of the feldspar, yet with the augite

dende and chlorite. The material of the inter-

secting veins is the same, except that it contains a little more

green hornblende. In other places the augite is but slightly

altered, while the feldspar crystals appear merged in a colorless

slightly opaque base, which shows faintly the outlines of the feld

Four different varieties of the greenstones afforded on analysis:

No. 1 is greenish and crystalline, and consists, as shown micro-

scopically, mainly of augite and feldspar, the former predomi-

nating, with some chlorite, brown and green hornblende, and

magnetite; and came from north of St. Peter's Vicarage in Tol-

carn. No. 2, from Tolcarn Quarry, resembles No. 1, but is of

lighter color, and consists of feldspar with altered augite, chlorite.

magnetite partly replaced bv a greenish-grav mineral, and apatite.

No. 3, from Tofcarn Quarry, is \ cry tine-grained crystalline, sage-

green in color, and consists chiefly of hornblende and altered

feldspar and chlorite, the augite being replaced by hornMende
and chlorite. No. 4, from Chapel Rock ("which rests on slate"),
is crystalline and greenish-gray, somewhat felsytic in appearance
and consists of a feldspar base, with crystals of feldspar, hornblende

: .
. chlorite, apatite, magnetite.

With these rocks occur fine-grain crystalline slaty kinds, which
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graduate into killas or clay-slate. These slaty crystalline rocks

are Mulsh-green to greenif-h-gray ; an,! the slaty structure is some-

slightly opaque l.asc, au.l with occasional patches of quartz, and
sometimes magnetite. An average slaty kind of a dark color

gave on analysis the results in column A below. A rock ol grayer

the ivsults in column B.

(A hornblende of Botallack, Cornwall, having sp. gr.=:-;--U,

afforded V , !> n. —nI , i ,1 i

lime 12-31,
\

! i=100*09.)

gray and I

amborne,

Mseenunde ,
of column

D- Another, from North Huel Rose, in Newlyn East, was grayish,

it are stratified, with

""'•'
'

"
'

"' 'ty
?
le*va-e -

•

altered abbro

:

.
.

.'•
• .. •

^ late8
« f he western

:. ......
'
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kinds) are ordinary sediments n
either metadole/yte or ntttadinhme
chlorite or not; that part of the hornblendic kinds-those „__.

•v feldspar—are basic metadlon/frs, and that
tlu

'

'
:!r !-i

i

);iss into hornblendyte (hornblende rock), and also
1111

'/
labradorite-dioryte and anorthite-dioryte, other metamorphic

13. Petrographische Studien an den Melaph /,;/,.<f, ',„, „ !'„,],-

mens, von lh: K. \)mu, ky. Prag, 1876.--The vo'hiin. in hand i- a

ous rocks of Bohemia.
b

14. Minerals of New South Wales, by Prof. A. Liversidge. 63
pp. 8vo. Sydney. \. S. \Y. 1876.—Prof. Liversidge has given a
'•

.

' <
r "id vni ible list of the minerals of New South Wales,

with demotions mostly taken from specimens which he had
hnn-elf liad in hand. The occurrence of sold is described in
detail and an enumeration is given of some of the larger nuggets
which nave been found. The average chemical composition of the
ore obtained is 93| p. c. gold, and about 6 p. c. silver. e. s. d.

15. The J/;, ..,„!„,,;,,/ M.ujazhn a,,d Journal of ;/„ Miner-
al Britain and Ireland; No. 1, August,

1*70, and No. 2. November, 1876.—The Mineralo-iea! Sooietv of
Great Britain and Ireland was instituted February 3d, 1876, with

advancement of the Sciences of Mineral-
ogy and Peti ,rs of the Society are as follows:
President, H. C. Sorby, Esq.; Vice Presidents, Rev. Professor
11 ' '

:.: : Treasurer, R. P. Greg, Esq.;

.
Ksq: Foreign Secretarv, ('. Le

Neve Foster, Esq. The first two numbers of the Society's

;

''." -....';.'.:, r
;

.
:

JLnieoodite. Occurs in gl, a,
h c.s-blueor

en color upon limonite; the exterior surface of the
masses shows indistinct crystalline facets. H.=4-4-5, G.=2-67.

:

1'
2 6 48-94, A10

3
18-24, FeO

s
2-74, CnO 7-10, C'aO

\

'' ' ' ". ! -• >-» 17-10, loss 3-97=100-00. It is somewhat re-
f <% >.n ''it., in i

• : .,. relative

ric acid. Found at the West

« forms in a cave at St Agnes,
<;:;-' n n.=2-j <;.=i H.kinfu-

he closed tube yields much water. Analysis : SO, w-12,
o, CuO 16-91, CaOl-35, SiO, :W0, li.,0 39-42, COa

10. The "mineral is regarded as

lr
1 *'- *''•

'. •;.!> for Kr.ixt. l ll,„,raphie und
: A Groth,

>'"•'
/ l 1,11, I In ,„„, J„S-

•. Groth gives in full the plan and
objects ot his new Journal of Crystallography and Mineralogy,
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the proposed publication of which has already been announced in

this Journal (vol. xii, p. 152). The Zeitschrift will fill a place

hitherto unoccupied by any scientific publication being especially

devoted to the science of Crystallography in its relation particu-

larly to Mineralogy, and also to the departments of Chemical and

Physical Mineralogy. It will thus cover the whole field of miner-

alogy. Moreover, 'in addition to original articles, it will contain

abstracts of all mineraiogieal papers wherever they may appear,

and in whatever language, and thus become a complete repertorium

for the science. To carry out this part of the work, certainly not

the least important, the editor has secured the cooperation of lead-

ing active mineralogists in England, America, Italy, Denmark,

Norway. Russia, Hungary, Bohemia, etc. It is hence evident

thai i \u- Zeitschrift will be a most invaluable help to all workers

in this Held of science; and it is much to be hoped that the dis-

tinguished and energetic editor will find the hearty support which

he deserves, not onlv in Uennanv. but in all countries where the

science is cultivated'. It will be published in octavo numbers of

6 to 7 signatures, commencing with January, 1877. Each volume

will include six numbers, and, with the accompanying plates, u ill

cost not more than .30 marks. Authors of

receive free twenty-five extra copies. The publisher is W.

III. Botany and Zoology.

und umjesi

> paper, whi

,th volume

cj; rills

of Prii

the

,Sc 1, -p

i elaborated

iionally by

he of

with s

the

Uch
hat

of sexuality in plants in its si-

methodical arrangement of the article, it is

:
; :

.
. . . - •

•- - • '
'/ ;

This is ,. mv of the tacts brought forward

are quite , „, ,7 ii _ ^Tlothrix belongs to the order

ZoSsporece in which - place by means ol

spores and microzoospores, the former I
_'

.

u
and one germinative spot (the name given to the reddtsh-colored

dot found on one side), the latter having only two. The former

bodies have for some tune been ,-,

latter have been .upp.^l to represent s

their union; d from the

macrozoospores by having two g<
' r

'

a
'

ot °"e-

:

' and t ^y^te proper Dodel

confirms the views of Areschoug, Cramer and others, that the
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of what becomes of the zygospores. He finds that they remain
a considerable time uncha

i vide into a numbe
zoospores, which soon con;. i,lt0 new plants a

common tlh)
"" tterit apf

thawi

The most
_, mo U s f, • on-tned by Dodel is that those micro-

grow at once into new plants just as in t!

zoospores. In other words, the sexual process is reduced to the

;

lnvrt
.

IUIJ<> " "» two bodies so similar that it is impossible to dis-
one as male and the other as female, and

these bodies, if not placed in conditions favorable for c>„
can at once grow mto now plants. It would be diffiee
«-xual.ty..l a I. over grade than this, u here each sexual organ is
also capable of reproducing the plant l. v non-sexual growth. We
would recall tl

t , , /,
,

,,

Bary, where, of the several male organs (pollinodia) only one suc-
c':' e!l

;
w '' 'nnng m contact with the female organ, vet'

the formation of the sac which eventually encloses the 'pores.
With very rare exceptions in the Thallogcns, t!te male organ at
once atrophies after iertilization has been accomplished.

2. De Copul.ith.ne, Mirozoosporarum Enteromorph'," com-
} _> II Seripsit J. E. \p, s II ,, ev 1, ttlllsl , Xoliser.
1

' .

X " ''~ In Htl1 <>b MMtions stir qmlp.s dgu -
l

e-

i:; " observations of \, .. maintained
that the microzoospores of Enteromorpha compressa conjugated.
1,1 thr l'«;>t-nt paper Areschoug gives a detailed account of
repeated observations of the conjugation of microzoospores of
Enteromorpha compressa made during the past summer, and it

•ear that Janczewski an ...„ too hasty
'

'

zygospores m /fn,,,,/,,. >,, /„„#,;*
,

/>

existence of which Rostafinski denied was
3. Profess.,,- Sir W,j,We Thorns,,,, on some of the Echino-

Oerms of the « /Ve,/
y
,/„,/< ,>,„/ •

7/o«S.—One
ot the recent numbers of the Transactions of the Royal Society
of London contains an account by Professor Thomson of the

1>
- M - . I m >t iut t , p , , , -, I

'

"! r Hl
*'
V

' " nr H -"»- <-t - v* i U v'o ' the
with flexible test, intermediate between the

111,1 I>iadetnatid;i', the g.

t "Paise-
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Botany and Zoology.

In addition to the Crinoids noticed by Professsor Thon
ne of his former preliminary reports addressed to the i:.

ocietv, he has published a short account of two rjmarkab !*'!-

•a l.e'iondnc to the family of Apiocrinidse, which iiredescr
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of the Challenger collection. Young Carpenter will work up the
Comatulse, Lyman will have the Ophiurans, and I shall brin- over
W1,i

'
""' ;i -me other -roup of Hel.inoderms,

so that the I mt. ,1 States will have their fair share of the work "

5. Rate of Growth of C.rah.—X remarkable piece of coral,
taken oft tie p,,,., Darwin, is spoken of by
the Ccktown Herald. It is of the ordinary species, about five
}" ( ',"" s i!: liameter at the top, and about two

V- '

-'" ;lt ,llr l,:lsl '- |1 '- l^-i-i'f'tlv formed, and the base bears the
distinct imp i; ,l „ few 6bepa of the coh.

used as a sheath for the telegraphic wire -till adhering to it. As
the cable has been laid only four years it is evident that this

which seems to prove that the growth of coral is much more
n has been supposed.—Melbourne paper

7. Bulletin of the X„n„ll Or„;t/..,/„
; b;d Club. Editor, J. A.

Allex; Associate Editors, S. F. Baird and Elliott CoJ-ks.-
-11k- .m-wiiVi number closed tile first volume of this excellent

.]-;!'''•!•'! it contains papers by E. Ingersoll, Dr. J. G. Cooper, li.

Ridgeway, J. C. Merrill, M.D., U.S.A., and T. M. Brewer, besides

^ '

contributors, and is afforded at the low rate of one dollar a year
(postage included,. All interested in Mrds. or in the pr.^r, is oi
science, v, til ,ir, 1 the s,.,all sum asked for subscription a good out-
lay. The prospectus states that, for the sake of sustaining the

advertising „|,eet w ill he inserted, and low rates of
Subscriptions should be forwarded to

-Mr. 11. B. Bailoy, Newton, Mass., and communication* or advet-

IV. Astronomy.

1. Meteor of Dec. 2Ut, 1876.—On the evening of Thursday,
Dec. 21st, t :»,, , m<« t onus - u !

, ,
' llM , ,

..„1
over the Mates of Kansas, Mis>. ,;„i ' ,,!,!,..

In many respects it is worthv of special record. From newspa-
per notices that we have been able to collect from a f-w private

I r-m some letters kindly sent u-
..,Ha„ Institution, we are able to give a general account

It was first seen, so far as we know, over the State of Kansas,
"

= y as far west as the center of the State. It: passed
nearly over and probably south of the cities of Topeka and

there at an altitude of about 60 mih -. It
crossed the Mtssissippi between it

| /lit
to the former place. Over the center of the St ,t ot M s S..u i nt

r crossing the Missis-
«PRi it broke into several fragments
while it was crossing t: „', ohio _ A
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loud explosion is reported as far east as Concord and Erie, Pa.
The meteor consisted in fact of a large flock of brilliant hails

chasinir each other across the skv, the number being variously-

estimated from a score to a hundred. This flight is of peculiar

The region around Chicago was overcast, and though the clouds
were lighted up in a most remarkable manner no sound seems to

have been heard. In like manner no sound is reported from St.

Louis. But over all the region of Central Illinois between these

two_ cities a terrific series of explosions were heard. In Keokuk,
la., it was heard, but not elsewhere in that State so far as appears
from these accounts. A rumbling is reported as far south of the

track as Bloomin<;ton, [ml., 120 miles distant, but whether it was
caused by the meteor is doubtful. \ et over the northern part of

Indiana the passage of the body was followed by loud explosions.

Whether a portion of the body pursued its way onward over
New York State and out of the atmosphere is from the statements

before us doubtful. The path was nearly parallel to the earth's

surface and might easily be in its latter part upward. But if the

sky wsis then clear over western New York the meteor would in

such ease certainly have been seen in that region.

The path was about X. 75° K, and was mam or .mite a straight

line and not less than 1,000 miles long The duration of flight

was of course variousiv estimated, from fifteen seconds up to three

minutes, and yet no one probably saw the body through more
than a fraction of its path.

It entered the air in a course differing only about 30° from the

earth
-

- m ,,.
:

_r the earth." Its real motion made
therefore a still smallei imj. with that of the earth. But the

relative velocity was so slow, probably not over ten or fifteen

miles a second, that the earth's attract'ion had changed its direc-

tion greatly. It must, have been w ' :lt change,

from a point near to and a little south ol the ecliptic in the

eastern or southern part of the constellation Capricornus. There
' •

of the heavens.
Should no one else undertake the complete discussion of this

meteor, we may treat it more fully in a future number of the

Journal. We shall be grateful for any accounts of obgen ere—
'

• •

shall use them ourselves or place"them in the hands of others tor

reduction. H - A - *•

V. Miscellaneous Scientific Intelligence.

'

1. Bnmt Prize, of the Twin Academy of Sciences.—The fund

for the Bressa prize— in • ^ oi M -
Cesar Ale*'

....:.:.... -
..

'-•:
—became available in 1876. A prospectus issued by the Royal

a prize, amounting to the income of two years, will be given in

1879, and every four years thereafter, to the man of science, of
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whatever country, who shall, in the judgment of the Academy, have
made, during the preceding four years, the ino-i ; •; -

ful discovery, or shall have published the most celebrated work,

in pure or applied mathematics, or in the physical sciences, such

as physios, chemistry, physiology, natural history, or in geology.

pathology, history, geography or statistics; and, secondly, the

same amount, on'the same conditions, in 1881, and every four

years thereafter, to an Italian savant. The prize will not be given

to anv of the National members of the Academy, resident or non-

resident. The amount of the prize given in 1879 will be 12,000

francs.

2. Annual Report of the Board of Regents ,,fi]„ SmitJiSojnan

Institution for 1875.—The work of the' Smithsonian Institution

covers a wide range of subjects of both economical and scientific

importance, and has a powerful influence for good on the welfare

fact, stated in this report, that the department of the Institution

having charge offish-culture, which is under the direction of Pro-

fessor Baird, distributed in the years 1874, 1875, of vounu shad,

l,s,0s;),r,.-o; of Penobscot salmon", 2,294,505; of California salmon,

4,581,340 ; making in all over twenty-five and a half millions which,

with the distribution during the winter and spring of 1875-6, of

these and other fishes, make a total of forty million fish supplied

by the Commission in three years. The Report on the Museum
shows great increase. One object of special interest acquired

durinu' 'i he -ear, is the Tuczon 'meteorite, presented by Dr. B. J.

I). Irwin, I'.'s. A. The very extensive collections displayed by
the Smithsonian Institution at the International Exposition at

bia were second in interest to none there exhibited.

Very much of the credit connected with it is due to Dr. S. F.

Baird, the assistant secretary of the Institution, who gives in this

volume a statement of the g I rangements.

The general appendix to the Report contains" the following

papers—Eulogy of Volta, by Arago ; The probable future of the

, . by A. !!: Cavimli.::; Report on the Transactions of

the Society of Physics and Natural History of Geneva, 1873 to

July, 1874; The "Past and Future of Geology," by Joseph I'ukst-

wich; Report of the Special Committee for the Consideration of

of local Scientific Societies* by Professor Henry ; On Ethnology:
International Code of Symbols for Charts of Pre-historic Archaeol-

ogy, translated byO. T. Mason; Characteristics of Ancient Man
in Michigan, by II. Gilman ; The Stone Age in New Jerscv, by

Dr. C. C. Abbott. The Ethnological papers are illustrated by a

large number of figures of stone implements, skulls, etc.

3. The Thenn/ of So,,,,! !,, its relation to Music ; by Professor

Pietro Blaskp.xa. of the Royal University of Rome. 188 pp.
ith numerous woodcuts. New York, 1876. (D. Appleton

& Co.)—This is a popular work in style by one who is deeply
versed in the science of the subject of which it treats, and knows
how to present its principles and facts briefly and clearly.
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In Mejioriam.—Fielding Bra

tologist. He died
ber, 1876, havi:. „
year. He had been in ill health for several years past, and in-

deed almost all his life, for his malady wa
pulmonabs. It had been his habit tor several vears, to spend
the winter in Florida, and the summer months in the Alleghany
Mountains. He had ma It pn p u ti< >n t< » leave Washington for

Florida early in December, but was taken with hemorrhage
the lungs on the day before the one set for his departure. From
this attack he never rallied, but gradually sank to a peaceful

and quiet death. Du - 1' « constat)

attended and cared for by his scientific and other friend1 - ~
dent in the city ; and when the end came, they bore hin

grave with sincere sorrow.
Mr. Meek was born in the city of Madison, Indiana.

cember 10th, 1817. His grand parents were Irish Presbyterians,

who removed from the com t] V' - this country abou'

the year 1768, and finally settled in Hamilton county, Ohio.

His father, together with' his family, removed from there to

Madison, where he was a lawvei t lerablt eminence.

The family, including those bori M 1
- "^ of the

parents, two sons and two daughters, besides Fielding, all
'

whom were dead several years '"before his own decease. Tne
father died when" the son who was to become so distinguished

s only three years old, leaving the family in moderate cir-
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His early youth was spent in the city of his birth. His educa-

tion was greatly interfered with bv the delicate condition of
his health. Upon reaching manhood, by advice of his friends
and against his own inclination, for he was of a studious and
retiring disposition, he invested his small patrimony in mercan-
tile business, first in his native place, and afterward in Owens-
boro, Kentucky. The result was financial failure and loss of
all he possessed. After this, while laboring for his support and
struggling with ill health and poverty, he continued his studies,
general and special, for he began earlv t<> devof.-
natural history. His first public work was durino- the veai-
1848 and 1849, and was performed as an assistant of Dr. D. D.
Owen, upon the United States Geological Survey of Iowa,
Wisconsin and Minnesota.
Having closed this work, he returned to his home in Owens-

boro; but soon after, in the year 1852, went to Albany, New
York, as assistant to Professor Hall in the paleontological work
of that State. He remained there until 1858, saving three sum-
mers. Two of these summers were spent on the Geological
survey of Missouri; the other, that of 1853, in exploring the
Bad-lands of Nebraska, together with Dr. F. V. Hayden, both
being commissioned by Professor Hall for that wofk. Three
years after this exploration, he prepared for publication, in
conjunction with Professor Hall, an important memoir on

is fossils from Nebraska. This was published, with
illustrations, in 1856, in the Memoirs of the American Academy
of Arts and Sciences, of Boston.

In 1858, Mr. Meek left Albany and took up his residence in
Washington, where he resided until his death. During all this
time, he made his home, and the place of his scientific labors,
except when in the field, at the S uion, and it

was within its halls that the greatest part of his scientific life-

work was accomplished.
The association which he formed with Dr. Hayden in 1853,

was tacitly continued until Mr. Meek's death. When Dr. Hay-
den commenced his explorations in the Western Territories,

zed the Geological Survey of the Eocky
Mountain region, Mr. Meek was entruM-d with all the Inverte-
brate paleontology, much of which appeared under their joint

If™,?^ i f
108* im Portant of cations was

the Paleontology of the Upper Missouri," published bv the
Smithsonian Institution in 1865, and admitted by all to'have
been the most thorough and exhaustive work of the kind that
had been produced in the United States. Durino- the contin-
uance of this connection with Dr. Harden, Mr. Meek accom-
plished many other very important works. Among the more
noteworthy of these are, the invertebrate paleontology of the
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Illinois State Geological Survey (published jointly with the
Director, Mr. A. H. Worthen), that of t State Geologi-
cal Survey ; a part of that of the California Survey ; that of
several of the western exploring expeditions, besides those of
Dr. Hayden's surveys of the Territories.

It was the custom of Mr. Meek to publish preliminary de-

scriptions of his new species, and afterward elaborate and illus-

trate the subjects for final publication. These preliminary
papers were published mainly in the Proceedings of the Phila-
delphia Academy of Natural Science, while his review.-;, and
memoirs on the higher groups were largely published in this

Journal.

Only a few months before his death Mr. Meek finished what
sidered to be the most important of work his life, namely

:

brate CretaA Report on the Invertebrate Cretaceous and Tert
the Upper Missouri Country. This work constitutes volume
IX of the quarto series, of the U. S. Geological Survey of the

Territories, and contains more than 600 pages of text, and 45
plates.

Of the character of Mr. Meek- s< ntirh la I rs it is only

necessary to speak briefly. Thoroughness, scrupulous exact-

ness, and nice powers of discrimination, are manifested in all

his labors ; and, with such merits, his works will shed lustre

upon his name as long as paleontology shall be studied. No
one in America has done more than he, to systematize and
advance the science to which he devoted his life.

His personal character cannot be too highly eulogized, for it

was without a blemish. He was a genial, sincere, pure-minded,

honorable man. Gentleness and candor were apparent in every

expression of his face, and in every word he uttered ; but he was

mes to stand up and defend what
he believed to be right; and with his keen sense of justice, he
was seldom mistaken as to what was right, He was never in

vigorous health and often ill; but never a
hopeful, alwavs cheerful, always at the work he loved so well,

always helpful of others. His !1 m early
manhood, and the afllic il ne became entirely

deaf, -v, ral vears before he died. Even when cut off from
*

'
iver>;.ti,.i v th his fellow men his cheerful ;

mm
; but he seemed to derive great pleasure from written com-

munication with his friends. He was never married, and leaves

no neat itives: but 1 it,
- brought in

contact will remember him with pleasure, while to those who
were permitted to enjoy scientific intercourse or correspondence
with him during his life, his memory will be especially dear.
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In the " Keport upon Geographical Explorations and Surveys

west of the 100th Meridian, in charge of Lieut. Geo. M.
Wheeler, vol. iii, Geology," Prof. John J. Stevenson, on the

" Structure and age of the Eocky Mountain System," in Chap-

ter XVII of his report, makes the following statement (p. 501)

:

"The Eocky Mountain system, then, is the result of four es-

pecially marked upheavals, the first at the close of the Carbon-

iferous, the second at the close of the Trias, the third at the

close of the Cretaceous, and the fourth during the Tertiary.

Of these, the first and third were the most general in their

effects."

These conclusions he deduces from his investigations during

the season of 1873, in the "area embraced between the meridians

of 105° and 107° west from Greenwich, and between the north

latitude 39° 45' and the southern boundary of Colorado, giving

a length of one hundred and ninety miles, and a breadth of

about one hundred and six." (p. 307.)

My duties, as one of the Assistants of Dr. Hayden's Geologi-

cal Survey of the Territories, have taken me over the same

area, and as far west as the meridian of 109° 40'. From my
study of this region, and the results of the work of my col-

leagues on the Survey, I am led to conclusions differing

from those reached by Prof. Stevenson in regard to the age of

the Eocky Mountains in Colorado. The data obtained are,

however, too few to enable us to extend the generalizations to

the entire Eocky Mountain system.

The first statement of Prof. Stevenson that I shall consider is

the following. "The fiist great epoch of accelerated disturb-

ance in the Eocky Mountain region, resulting in permanent
elevation of the surface, was synchronous with that during

which the Appalachian chain was completed." (pp. 499, 500.)

He bases this statement upon the following facts (?)

:

1st, The occurrence of Paleozoic strata high up on the flanks

of the mountains and the absence of the Trias in the interior,

and the abutting of the Cretaceous against the Paleozoic, (with

the exception of the Elk Mountains.) p. 499.
2d. The want of conformability between the Paleozoic rocks

and the Mesozoic rocks, (p. 499.)

I will take these up in order:
1st. Tfie occurrence of Paleozoic strata and the absence of the Trias

in the Interior. I use the name Triassic to denote the Eed Beds
that have been so called generally in the west. It is so used by
Prof. Stevenson. Prof. Stevenson says, (p. 499) : " In the in-
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terior* no rock of more recent origin than the Carboniferous is

involved in the main axes." Again he says, (p. 495) :
" In the

main portion of this second group (including Blue Eiver Range,
Park Range, Samnv >le Cristo and Spanish Range, and Ar-
kansas or Saguache (Sawatc/t) Range, see pp. 490, 491,) no
rocks occur of later date than the Carboniferous, which with

riving Silurian maybe traced along the eastern face

to the Blue River."
On the west side of South Park, the sedimentary forinatioii.-f

are present from the Primordial to the top of the Cretaceous,

all conformable and dipping to the eastward, extending from

the summit of the Park Range eastward into South Park. I

grant that on the summit and slopes of the Range, the entire

series is not seen, but simply because the range has been sub-

jected to erosion. Al 3 nan beds are seen

and at others both Silurian and Carboniferous. Commencing
at the summit of the range and going eastward into the Park,

we find, with the exception of faulting in the Carboniferous

and Silurian strata, which probably occurred in Post Cretaceous

time that t ied each other in regular order.

The sequence is uninterrupted. It is true that when we com-
pare the dip of the Carboniferous rocks on the range, with the

dip of the Cretaceous out in the park, that it is not precisely

the same, but we must remember that the outcrops are three or

four miles apart. The inclination in both cases is in the same
din . n Hid if the Cretaceous beds were continued to the sum-
mit of the Range as they did originally, we should find them con-

formable to the Carboniferous; and" were we to sink a shall at

the base of the Cretaceous outcrop in the Park, we should

doubtless note the conformability of the Cretaceous with the

underlying Paleozoic strata. When we cross the upturned

edges of the strata we find no uncomformability.^
Crossing the Park Range to the Arkansas Valley, we find

<io sedimentary beds on the eastern front of the Sawatch
Range. As pointed out bv Dr. Hayden§ and myself |

in 1873,

the sedimentaries of the Park Range once extended unrnter-

ige, but have been removed by
erosion. Prof. Stevenson is hi ilol>- He
says (p. 492) : " It is clear then that the Paleozoic rocks, the

same with those found on the Park Range, at one time reached

unbroken from South Park to the Arkansas or S

{tiauxtich) Range. How terrible was the erosion which not

e Report of U. S. Geol. Sur
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only cut away these rocks but also tore out and removed the
metamorphic rocks to a depth of 6,000 feet along this
the Arkansas."

He restricts the sedimentaries to the Paleozoic. Why could
not this erosion have removed not only the Paleozoic
the Mesozoic strata? When we go to the north end of the
Sawatch- Range we find the entire series, from Lower Silurian
to Upper Cretaceous, present. It is true that the lower strata
project beyond the upper, the latter having been removed by
erosion. Starting at one of the Archaean peaks at the northern
end of the range and going northward, we meet first with a bed
of quartette dial. This forms the capping of
the spur, and at Eagle River disappears from sight beneath the
beds forming the bluffs on the north side of the river. In the up-
per portion of these beds which are conformable to the quartzite,

I, in 1873, Carboniferous and Permian fossils.* Fol-
i "'V! "- lll( ' "UU-rop< down Eagle River, we find appearing, one
after the other, the ,,tl.<-r members of the series, Trias, Jura and
Cretaceous, resting on the Carboniferous in regular order and
conformable. f On the west side of the Sawatch Range the
entire series is a -a i ;,+ The lines i>f out-
crop can betraee.i f,„m Eade River to the Elk Mountain*.
Between the Elk Mountains and the Sawatch Range there is a
gap occupied by the Upper Gunnison, or Taylor River, in
which the -

a | !Sen t. Were it not for the Elk
Range, in which we have the result of eruptive action, the
sedimentary rocks would be seen dipping away from the
&a watch Range to the westward and becoming horizontal in

the plateau region.§
The upheaval of this range, with the subsequent erosion,

has so modified the beds and removed so much material, that
difficult at first sight to understand the relations of the

•s to the metamorphics of the Sawatch Range.
.. ^ ujudl aiways make allowances for enormous erosion in this
region There are evidences of it on all sales in the Sawatch
and Elk Mountains.
In Southwestern Colorado and Northern New Mexico, the

Irtassic is also present. (See Report of Macomb, Geology, by
JNewberry

: also Cope, pp. 981-1017, Report of Chief of Engi-
neers Part II, for 1875.) Mr. Holmes and myself have also
identified the Red Beds in Western and Southwestern Colorado,
and m the forthcoming Reports of the Survey thev will be
described.

I think I have shown that the Red Beds (Triassic) are
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present not only in the interior but also west of the mountains,

and that where the Paleozoic rocks alone show, the overlying

rocks have been removed bv erosion.

2d. The want of conformability between the Paleozoic Rocks and
t!,>: Mesozoic Rocks. I have already noted the conformability of

the Paleozoic and Mesozoic in the Park Range, and on the

north and west sides of the Sawatch Eange. Prof. Stevenson

(pp. 386, 497, 499, 500) notes unconformability between Meso-
zo'ic and Paleozoic along the Eastern Eange, (Front or Colorado

Range,) on the interior axes of elevation, and in the southern

p. it nt his aiea. m the San Juan Mountains, and near Tierra

Arnarilla, New Mexico. Speaking of the Front Range, he

says: "Along the Eastern Range no Carboniferous rocks were

exposed at any locality visited by me, but the}- have been seen

. elsewhere by others. They must' be quite unconformable to the

Trias, as it overlaps them very greatly." Along the Front

Range the Carboniferous shows only where the overlying

Triassic has been eroded away, and whatever unconformabihty

there is, is an unconformabilitv of subsidence and not of up-

heaval. The difference of dip between the Paleozoic strata

and overlying Mesozoic is caused bv an abrupt fold and the

erosion of portions of the strata. Prof. Stevenson does not

seem to remember that as we recede from the axis of elevation

the dip of the rocks diminishes, and that if the more steeply

inclined portion of the Mesozoic rocks be removed, as we

recede from the mountain- we meet onlv with the edges of the

strata where thev are I d, and that the older

layers below also flatten < on in the same manner. I have already

shown the conformability in the interior.

In the reports of Dr. Newberrv* and Prof. Cope.f I can hud

no evidences of the tin, f..rm v in the southern portion

of the San Juan \i
;iln

- „,

Dr. Endlich says! that in hi? district, "although the Creta-

ceous beds dip off, an m the same directlon

(with Car/,,, ties were noti*

instances." These he thinks were due to

that portion which was then land. I am inclined to

by the subsidence which, as I hope to show farther on, occurred

over so large a portion of what is now Colorado.

The next statement of Prof. Stevens-.n
-

B, that '• The second epoch of elevation began toward the close

of the Triassic." (p. 500.) , „. ,

This he bases on the unconformability between the Trias and

the Cretaceous, which he observed along the Eastern Range at

* In Maeomb'a Report on the Exploring Expedition to the junction of Grand

t In Report of Chief of Engineers, Part II, 1875.

t Report U. S. Geol. Survey, 1874, p. 215.
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Golden, near Colorado Springs, and near Canon City (pp. 490,

500), and also in Huerfano Park. Near Colorado Springs we
have the following section.* Eesting on the Archasan rocks

ping eastward about
10°. Going eastward we next meet with Triassic red sand-

stones, standing on edge, or inclined past the vertical. From
the Trias to the Dakota group of the Cretaceous the dip de-

creases to 40°, and this fishes eastward until at

Monument Creek it is only 4°. At first sight there wouh 1 a pi.t-ar

to be unconformability, especially close to the Mountains, but

the beds are conformable, and the varied dips show the presence

of an abrupt fold, which is somewhat obscured by the subse-

quent erosion.f The same thine' occurs near Golden, (seesection

13 on plate opp. p. 136, Eeport U. S. Geol. Survey, 1873.) Mr.

Marvine says,$ "Within exceedingly short distances, then,
_

great changes of dip may occur, and from them, with but

slight changes of exposure, unconformability might be inferred.

Yet all are perfectly conformable ; the sudden change really

I only a very abrupt flexure in the main fold, as

indicated by the dotted lines." Near Canon City, neither Dr.

Hayden, Dr. Endlich, Mr. Holmes, nor myself have noted any

unconformability. The other cases are probably similar to

I rolden and Colorado Springs.

What I now wish to show is that in Colorado the evidence

exists that there was a subsidence commencing in, or prior to

the Carboui

;

ring through the Triassic, Juras-

sic, Cretaceous and into the Tertiary. This may have been, and

doubtless was interrupted by oscillations, but the general move-

ment was depression until the close of the Cretaceous, when
there were probably local elevations. A general gradual eleva-

tion of the whole West is not incompatible with local depression

in Colorado. There are evidences that the upward movement
began in Cretaceous time, but as pointed out by Dr. Hayden
and Dr. Newberry the elevation of the Eocky Mountains t>>ok

place between the close of the Cretaceous and that of the

Miocene Tertiary.

From a study of the Carboniferous rocks in Colorado, we
learn that during the earlier part of the Carboniferous age deep

seas prevailed with large continental areas or islands. As the

time progressed the seas became shallower and encroached more

and more upon the laud, which was composed mainly of

Archaean rocks.

The Coal-measure rocks at the northern end of the Sawatch
Eange denote in their structure, the proximity of land during

t Report of VJ. S. Geol. &
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tbeir deposition. They also show that they were derived from
the degradation of Archaean rocks.* West of the Eio Dolores,

in 1875 and 1876, I noted Upper Carboniferous rocks resting

on the Archaean, and in the lowest bed, which was a coarse con-
glomerate. I noted large angular fragments of granitic rock ex-
actly like that upon which the bed rested. Ascending, I noticed
the beds becoming finer, showing that the shore line had
advanced to the eastward. Farther east the red beds (Trias)

rest on the Archaean for at least 20 miles (the length of the

Unaweep Canon) and probably more, with no older sedimen-
taries between them.

In New Mexico, Dr. Newberry found the Carboniferous rocks

by when they were formed,f
It is evident therefore that there was Archaean land above

the level of the Carboniferous sea, and that it was subsiding as

the age progressed.
This subsidence continued through Mesozoic time. Along

the eastern trout of the Colorado or Front Eange, with one or

two exceptions where thev have been removed by erosion, the

Bed H.-ds (Triasi rest upon the uranite, (see Reports of 1873.)

At the base of the series, Mr. Marvine found conglomerates of

which he says, " It is in these lower parts, indeed, that the

beds are so" directly made up of the material of older rocks

near by that a verv I
:

•> in some instances

i md it [ tii, ult to distinguish si - - ot saw - n li m
the underlying granites. "J In my own district, south of Mr.

Marvine's, I found the lower bed of the Trias, a light colored

conglomerate, containing pieces of unchanged granite. Above
this conglomerate, the" sandstones became fine-grained and

uniformh i< 1 m . .. h sin u l,n h i I pro

greased westward. inSoul P ere rest on
tl" g i for, oil t east sid Dal i - q ie-tsomt,

while on the west side the Paleozoic rocks are inter-

red as I have already stated. Continuing the section west-

ward to the Paleozoic strata be-

neath the Trias, bul : the Trias

and the und iIm V , n ,lM ut .wltkCVt ohmms
superimposed on the "Tanite. Following down the Gunnison
«•'- Hud the underlying rocks coming in gradually until the

Red Be,K sho« , <ti !j( , on th. -ranif West of the Elk

Mountains, between the Gunnison River and the Rio

Dolores, tha Trias rests on the granite, gradually thicken-
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we get within about five miles of the Dolores, when Upper
Carboniferous strata appear, with every evidence that a

shore line once existed there. The outcrop of Red Beds
resting on the granite is exposed to view continuously
for more than 20 miles. The fact that the Red Beds thin

out and disappear as we go east, and that the Jurassic does the

same until the Cretaceous alone rests on the granite, points to

the fact that the sea was gradually encroaching on the land,

and there must have been a subsidence here extending into

Cretaceous time. South of the Gunnison River are small

areas of Archaean rock where trachytic flows rest upon them
with no sedimentaries interposed, and in others the Archaean
rocks project through the trachyte forming isolated granite

In South Park, on the west side as I have already said, the

entire series of sedimentaries from Primordial to the top of the

Cretaceous is present, while on the east side the Dakota group
rests on the granite. Prof. Stevenson acknowledges that there

was subsidence during the formation of the Triassic rocks, as

far as the Front Range is concerned. He says, (p. 500), " In

this region there was a subsidence during the deposition of the

Trias which affected the interior little,' if at nil. for over the

greater portion of that area the Trias is altogether wanting."

Again he says, (p. 490), "In South Park the Cretaceous rocks

rest directly upon metamorphic rocks, and are themselves more
or less altered. At no locality were they seen resting upon any
sedimentary rocks older than themselves." I have shown that

Triassic rocks show at more than one locality in the interior.

On the east side of South Park the Dakota Croup rests on the

granite, with shales above it containing well defined Cretaceous

fossils. On the west side the Dakota Group rests on Jurassic

shales, beneath which are the massive Red Beds of the Trias.*

Under the head of Carboniferous, Prof. Stevenson refers to

exposures of coarse sandstones and siliceous limestones on the

"west side of the Park extending 8 miles east of the mi

(p. 373), and under the head of Cretaceous he says, "In South

Park the Cretaceous rocks occupy a synclinal trough, lying

east from Fair-Play, and extending from the mountains at the

north to very near the southern boundary of the park, (p. 389)."

He does notappear to have seen the Jura and Trias between
the Cretaceous and Carboniferous in South Park (see Reports

U. S. Geol. Survey for 1873), or if he did, failed to no
as I can find no reference to them under his heading Triassic

and Jurassic, (pp. 378-382.)
In Middle Park, Mr. Marvine found the No. 1, Cretaceous

* Report TJ. S. GeoL Survey, 1869, p. 79, and Report for 1873, pp. 38-41
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(Dakota Group) resting on the granite on both sides of the

Park* Following these outcrops farther north, in 1874, he
found both Jurassic and Triassic beneath the Cretaceous on the

granite, and on the west of the Park Eange the whole series of

sedimentaries is present,f Speaking of Miu- eP
" As was first distinctly pointed out by Newberry (Amer.
Assoc. Meeting, Newport. R. I. l?rSO, also later Proc. Amer.
Assoc, Aug., 1873, p. 185, etc.), east of the range, so here in

the Middle Park, the general aspect of the formation as a

whole is that of a ' circle of deposition,' an encroaching shore

line deposit of sandstones attending slow submergence, fol-

lowed by a deeper water sediment tunning slates and shales,

but not reaching sufficient depth or attaining the proper condi-

tions to develop extended limestone deposits; in turn followed

by a shallowing sea with more arenaceous accumulations."

The area of Middle Park, therefore, must have been above the

level of the Triassic sea, whose shore line was north of the

park but gradually encroaching on it, so that in Cretaceous

time the subsidence was sufficient to allow the deposition of the

Cretaceous rocks.

Prof. Stevenson says, (p. 500), "It is probable that following

this upheaval [at the 'close of the Trias] ai

took place over our whole area to adi

the Cretaceous, which occurs not only o
all the old interior synclinal troughs
region. The close of the Cretaceous \

disturbance throughout the greater porti

the edge of the plains the dip of the rocks is from 10° to 20°,

though in some localities the action was excessive, ttirmne; the

strata on edge or pushing them over at Golden and the Garden

of the Gods. In South Park a well de6ned synclinal was pro-

duced."

By referring to the sections in the Reports of the U. S. Geol.

Survey for 1873 and 1874, it will be seen that the Lower

Tertiary
| is conformable to the underlying Cretaceous. In

South Park toward the northern end, in 1873, I found Lower

la resting on the granite toward the east.§

What the relations were to the Cietaceous at the west I was una-

ble to determine on account of volcanic action. At -

along the .

«

.redo Bnrige, the Lo»
overlaps the Cretaceous and rests on the granite.1 In Middle

t Unpublished geol. map'of Colorado, XJ. S. Geol. Survey.

t Report TJ. S. Geol. Survey, p. 156. .
T
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Park Mr. Marvine found the Lower Tertiary and the underlying
Cretaceous conformable except at one point.* In southwestern
Colorado tiie Cretaceous and Tertiary appear to be cont.
while in the northwestern part of' the state the strata were
apparently conformable from the base of the Cretaceous to the
middle of the Miocene. This may be because of the distance
from the axis of elevation, the elevation not being sufficient to
lift the area above the sea-level at the end of the Lower Ter-
tiary. I have no evidence in any of my districts of any violent
action at the close of the Cretaceous. The apparent uncon-

fcies at Golden and near Colorado Springs I have already
explained. There are, however, evidences in some portions of
Colorado, of disturbance toward the close of the Cretaceous

;

but it is not until the end of the Lignitic Period that we find
evidences of a geological break, f There was probably, as indi-
cated by Hayden and Newberry, an elevation commVncinir in

early Tertiary time, for the marine deposits of the Tert'iarv
elianue gradually to fresh-water deposits as we ascend, but
there was no marked action until the close of the Lignitic.
There must have been a subsequent depression, for east of
South Park near Florissant, we find Miocene^ strata resting on
granite, with no older beds beneath,§ and on the Colorado
divide, the Miocene rests on the granite of the Front Range
and on the upturned edges of older strata. The lowest beas
here, also, were evidently made from the material derived from
the adjacent mountains. In Middle Park, Marvine found
Tertiary beds resting on the granites and on Cretaceous shales.

occupying all the lower basins. "Near the borders of these

show that their material was
from the adjacent rock, often being of coarse gran-

itic or schistose debris, or of the lignitic sandstones worked

From what I have written, I think it is evident that in

at the close of the Carboniferous, instead of an eleva-
tion there was subsidence commencing at some period prior to the
close of the Carboniferous, and continuing throu»h the Triassic.
Jurassic, and Cretaceous into Tertiary time.

C

At the close of the Trias we have" no evidence of a second
epoch of elevation. The close of the Cretaceous was not
marked by violent disturbance.

I agree with Prof. Stevenson that d
time there was great volcanic activity

* Report U. S. Geol. Survey, 1873, p.
+ Report IT. S r, ~' °

i By Miocene
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The following conclusions are, I think, fairly deduced from
the facts as noted in Colorado:

1st. In very early time in Colorado there was Archaean land
rising above the Paleozoic sea. As the Carboniferous age pro-
gressed this land diminished by encroachment of the sea, due to

subsidence of the land. This subsidence continued through
Triassic, Jurassic, and Cretaceous time into the early Tertiary.

2d. At the close of the Lignitic there was a physical break
followed by a subsidence (at least locally) ami subsequently by
elevation, after the deposition of the Miocene strata.

3d. The elevation of the Rocky Mountains as we now see

them in Colorado, is the result of an elevation commencing in

early Tertiary time, and continuing through the period, accel-

erated perhaps at the close of the Lignitic, and after the de-

position of at least Lower Miocene strata.*

The elevation of the mountains was probably gradual as a

It is an interesting fact that Colorado has a higher mean
elevation than any other State or Territory of the United
States,f and that we find there the highest mass of mountains,
and that the evidence points to the fact that in Paleozoic time
also we had here one of the highest areas, thus confirming
what Dr. Newberry has already intimated,:): that the outlines of

the western part !>f the Xorth American Continent were out-

lined from earliest Paleozoic time.

Art. XXI-
Dr. J.

[Concluded from page 111.]

Is the nitrogen combined under the influence of the soil with or

without the aid of manures, the son

.

' ogen t—
But if the plant itself cannot either assimilate free nitrogen, or

effect its combination so as to bring it into a state for its use.

may not such combination take place under the influence of

the soil ?

More than thirty vears ago, Mulder argued that in the last

stages of decomposition of organic matter n

was evolved, and that this nascent hydrogen combined with

the free nitrogen of the air, and so formed ammonia.

t See Ives Explor
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A few years ago Deherain substantially revived this view.
He maintained that at a certain depth the air of the soil is poor
in, or destitute of, oxygen; that hydrogen is evolved from the
decomposing organic matter; that it unites with free nitrogen
to form ammonia; and, tbat so, combined nitrogen increases
in the soil in spite of the growth and removal of crops. This
view he supports by some laboratory experiments.

It is obvious tluir if the realitv of this action in soils were
unquestionably established, it would greatly aid the solution
of the question we are discussing. There, are, indeed, results
of others on record which would seem to lend it probability.

Thus, Bretscbn eider found, on exposure of a mixture of
humic acid and quartz sand to the air for a whole year, under

• in winch it was protected from rain and insects, that
there was a gain of combined nitrogen which would represent
an increase of more than 40 lbs. per acre.

Again, Boussingault exposed a moist garden soil for three
months, and found a small gain of nitrogen. His explanation,
was, however, different. He supposed it possible that ozone
might be evolved in the oxidation of organic matter in the
BOU, and unite with free nitrogen, and so nitric acid be pro
duced, and the soil gain in combined nitrogen. In other ex-
periments Boussingault put mixtures of vegetable mould and
pure sand in small quantities in large glass vessels which he
perfectly closed and preserved in a dark cellar for a whole
year. At the end of that period oxidation of organic matter
had taken place, nitric acid was found, but there was upon the
wholea small loss of combined nitrogen. Lastly in regard to
B '"i _ tit's results h irii _

| l;ls already
been shown that in all of his experiments with plants in which
his soils consisted of ig tited brick, or the like,
without organic matter, he found no gain of combined nitro-
gen in soil and plant. In 1858 and 1859, however, he made a
number of experiments on growth, in which part of the soil
consisted of rich garden mould; and in two cases with lupins
growing in confined air, and in one with haricot growing in
free air, his results showed a notable gain of combined nitro-
gen : and although the quantity of garden mould employed
was not the same in the three cases, the gain of nitrogen was
approximately in proportion to the amount of soil used". The
gain was, indeed, in the soil rather than in the plant. In the
other experiments, however, either much less or no gain was
indicated.

Much more recently, Boussingault has published the results
of experiments which showed that when a garden soil was con-
fined for about eleven years in closed glass vessels in an atmos-
phere containing oxygen, the free nitrogen did not serve for
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the formation of nitric acid within it ; but, on the contrary, the
soil lost a port <3 nitrogen.

Since the delivery of this lecture, M. Berthelot (Compt
Rend., t. lxxxii, p. 1357) has stated that in experiments in

which he exposed moistened cellulose to an electric current in

an atmosphere of nitrogen, he found nitrogen taken up, and a
fixed nitrogenous body formed. Referring to the last men-
tioned experiments of M. Boussingault. and his conclusions
from them, M. Berthelot objects that the soils being in closed

glass vessels, the intervention of atmospheric electricity was
excluded, and the conditions of the experiments were, so far,

unlike those of a natural soil.

Being very desirous to know the present opinion of M.
Boussingault on the various points involved in this important
question of the sources of the nitrogen of vegetation, I wrote
to him shortly after undertaking to give this address, and asked
whether he would be kind enough to favor me with a state-

ment of his views on certain points. Unfortunately his reply

did not reach me until after the delivery of the lecture ; but,

with his permission. I am now enabled ' to contribute a very-

valuable a< I ission in the form of a translation

of the more essential parts of M. Boussingault's letter. He
says :—

" (1.) In confined stagnant air, or in air moving through a

closed apparatus, after previou- t»U contain-

ing carbonic acid, plants growing in a soil destitute of nitro-

genous manure, but containing the mineral substances indis-

pensable for the vegetable organism, do not assimilate the

nitrogen which is in a gaseous state in the atmosphere
"

"(2.) In the open air, in a soil destitute of nitrogenous man-
ure, but containing the mineral substances necessary for the

vegetable organism, plants acquire very minute qua;

nitrogen, arising, no doubt from minute proportions of fertiliz-

ing nitrogenous ingredients carried by the air, ammoniacal
vapors, and dust, always containing alkaline or earthy nitrates."

"(3.) In confined stagnant air, or in air renewed in a closed

apparatus, a plant growing in a soil containing a nitrogenous

manure, and mineral substances necessary for the vegetable

organism, or in fertile vegetable earth, does not assimilate free

"(4.) In field culture, where dung is applied in ordinary

quantities, analysis shows that there is more nitrogen in the

crops than was 'contained in the manure applied."

"This excess of nitrogen comes from the atmosphere, and
from the soil."

. "(A.) From the atmosphere, because it furnishes ammonia
in the form of carbonate, nitrates or nitrites, and various kinds
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of dust. Theodore de Saussure was the first to demonstrate
the presence of ammonia in the air, and consequently in
meteoric waters. Liebig exaggerated the influence of this
ammonia on vegetation, since he went so far as to deny the
utility of the nitrogen which forms a part of farm-yard manure.
This influence is, nevertheless, real, ami comprised within
limits, which nave <pn < entlv been indicated in the remark-
able investigations of .M, Si •! dosing.''

"(B.) From the soil, which, besides furnishing the crops
with mineral alkaline substances, provides them with nitrogen.
by ammonia, and by nitrates, which are formed in the soil at
the expense of the nitrogenous matters contained in diluvium.
which is the basis of vegetable earth; compounds in which
nitrogen exists in stable <-om!>b :- fertilizing
by the effect of time. If we tab
the_ deposits of the last geological period must be coi sid< n 1 as

an inexhaustible reserve of fertilizing agents. Forest-, prairies,

and some vineyards, have really no other manures than what
ished by the atmosphere, and by the soil. Since the

basis of all cultivated land contains materials capable of giving
rise to nitrogenous combinations, and to mineral .-

assimilable by plants, it is not necessary to suppose that in a
system of cultivation the excess of nitrogen found in the crops
is derived from the free nitrogen of the" atmosphere. As for
the absorption of the gaseous nitrogen of the air bv vegetable
earth, I am not acquainted with a single irreproachable'obser-
vation that establishes it; not only does the earth not absorb

itrogen, but it gives it off, as you have observed in

conjunction with Mr. Lawes, as Eeiset has shown in the case of
dung, as M. Schlosing and I have proved in our researches on
nitrification."

" If there is one fact perfectly demonstrated in physiology,
it is this of the non-assimilation of free nitrogen bv plants:
and I may add by plants of an inferior order, such as myco-
derms, and mushrooms."
Numerous experiments of Schlosing indicate a similar result

of Boussingault. He selected a soil rich in

humus, containing about 16 per cent of moisture, and 0263
per cent of combined nitrogen. Known quantities of it were
placed in large wide glass tubes, and during a period of about
four months, he aspirated over them air containing respec-
tively from l-o to 21 per cent of oxygen. He determined the
carbonic acid in tin

; ,ss _ „i ,,d t in, icid in the
soil beiore and after the experiment He found that both the
combustion of the organic matter, and the formation of nitric
acid, were very considerable, even with the lowst proportion
of oxygen in the air; but that the formation of the nitric aeid
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ha particular was very much the greater, the larger the propor-
tion of oxygen in the air.

In a second set of experiments, he used the soil in a moister
condition

;
and instead of the experiment in which the air con-

tained only 1-5 of oxygen, lie emploved pure nitrogen; and
the experiments extended over a period of about six months.
In the ease in which the aspirated air contained no nxvyn,
the whole of the nitric acid previously existing in the soi'l'dis

appeared; but in the other cases there was a considerable for-

In a third set of experiments, Schlosing determined the
nitric acid in the soils, and added known quantities of potas-
sium nitrate in a dilute solution. The mixture was enclosed
in a flask of several times the capacity of the volume of soil.

At the conclusion of the experiment only traces, if any, of gas
containing hydrogen and carbon were present in the air of the
vessel. The amount of ammonia in the soil increased con-
siderably, but in only small proportion to that which the nitric

acid would yield. At the end of the first experiment more
potassium nitrate was added, and an atmosphere of known
volume and composition supplied. At the conclusion of this

experiment the soil contained no nitric acid; the amount of
ammonia was increased, but again in only small proportion to

the amount which the nitrate would yield. There was indeed
a loss of total nitrogen in the soil.

Schlosing concludes that the combustion of organic matter
hi the soil is accompanied by a loss of nitrogen: that the com-
bustion may be at the cost of the air as in the experiment of

B»ussingauit. or at the cost of nitrates, of ferric oxide, or of

the oxygen of organic matter, as in his own experiments.
It will be seen that on this important point of whether or

not the soil may acquire combined nitrogen either in the form
ol ammonia bv the combination of fret" nitrogen with nascent

hydrogen evolved in the decomposition of organic matter in

•I'-tct of oxygen, or in the form of nitric acid by the oxyda-
tion ,4 free nitrogen, the evidence is. to sav the least, conflict-

!»?'• The more recent results of Boussingault, and those of

. vould, however, indicate a greater probability of a

loss of combined nitrogen, and evolution of free nitrogen.

Judging of the probabilities by reference to some of the re-

sult f ,,, own in\i -t _,iti i~ « think tluit the* are rather

aunit thai in iivoi ot the Miopo-itiou that there is any
material gain of the kind assumed bv Mulder and Deheram.
It may 1 1 ,wc\ ieflv to call ittt it i m some few
facts which seem to bear upon the point, whether in favor, or

otherwise, of the view in question.

13
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The action assumed by Mulder and Deherain, if it have
place at all in soils in their natm .1 < » idition vould be sup-
posed, and is assumed, by Deherain, to occur in layers suf-

deep to be poor i'n oxygen. In the lower layers of
the soil there is, however, a deficiency of carbonaceous organic
matter also. Again, if such formation of ammonia do°take
place, it is probable that some at any rate of it must be oxi-
dized into nitric acid; a condition which, on the other hand,
implies an atmosphere not poor in oxygen. Thus, numerous
results of analysis of the drainage water from manv of the ex-

i, to which further reference will

be made presently, show that nearly the whole of the combined
nitrogen m the drainage collected at a depth of about thirty

inches, exists as nitrates and nitrites; which, obviously, would
hardly be the case if the solution passed through a considera-
ble layer of soil, the interstices of which contained an atmos-
phere poor in, or destitute of, oxygen.

Again, assuming such formation of ammonia to take place in
the upper layers of the soil, where there is the most organic
matter, and much oxidation of it, the supposition would be
that the conditions would favor oxidation rather than the for-

mation of ammonia from free nitrogen
; and the fact of the

formation of a good deal of nitric acid by the oxidation of

nitrogenous organic matter, or ammonia, in the surface soil,

is sufficiently established.

Further, if it were to the action assumed by Mulder and
Deherain taking place in the upper layers of the soil that we
owe the supplies of combined nitrogen available to leguminous
and other . [late so much more of it over a
given area than the Graminea?, the question may be asked

—

why cannot the Graminea? avail themselves of this superficial
supply? On this point it mav be mentioned that, on some
parts of the experimental wheat and barley fields at Kotham-

Q ore has been applied year after year, for a
quarter of a century or more, in quantity contaii a perhaps
six or seven times as much nitrogen as is removed in the in-

crease of crop, and that thus the percentage of nitrogen in the
surface soil has been more than doubled. Yet, as large a pro-
duce of barley, and a larger produce of wheat, is annually
obtained by the use of very much smaller quantities of nitrogen,
as ammonia-salts or nitrate. It would thus appear that the ni-

trogen of the farm-yard manure was only available to the cereals

transformation into ammi [, Unfortu-
nately, we are not at present able to adduce direct experimental
evidence as to the condition in which the large amount of ineffi-

cient nitrogen exists in the soil, or as to whether a leguminous
crop would or would not grow luxuriantly in it, but there is
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little doubt that it would do so. On the other hand, a good
crop of clover would appear to be attainable in soil comparatively
poor in nitrogen in its upper layers, and comparatively poor in

organic matter also; for, in the experiments already referred to
in which barley was grown after barley and after clover, the
large amount of clover obtained, and nitrogen assimilated in it,

was after six corn crops grown by artificial manure alone ; con-
ditions under which the amount, both of available nitrogen, and
of organic matter, in the upper layers of the soil, would be sup-
posed to be comparatively small.

The answer of Deherain would probably be, that under the
circumstances supposed, the nitrogen would be in a condition
ef combination not 1 ition by the Gramineas;
that, in fact, the ammonia formed would combine with organic
acids in the soil, jriel able as food
for the Leguminosse. An objection to this view is, that if the
accumulation in the soil by time, of nitrogen in a condition
specially favorable for the ' Leguminosse were such as is here

assumed, we should expect the amount of nitrogen in the soil,

determinable by the soda-lime process, to be higher before than
after the growth of a leguminous crop ; whereas, on the contrary,
after the growth of a leguminous crop, the amount of nitrogen
so determinable in the upper layers of the soil is very apprecia-
bly increased.

The evidence in favor of the supposition that the special

source of nitrogen to the Leguminosse is ammonia, or other

compounds than nitric acid, in the upper layers of the soil, is

then, to say the least, inconclusive. It remains to consider

whether it may not b< er in the soil or in the

subsoil ?

As already said, there is abundant evidence of the formation

and existence of a considerable amount of nitric acid in surface

soils; even in such as contain a rektiv< lj h - «">t of car-

bonaceous and nitrogenous organic matter. For example, a

soil at Eothamsted which has been under garden cultivation,

and as such probably manured almost every year for centuries,

has successfully grown clover every war i.>r :,<: than twenty

years. This soil was shown by the late Dr. Pugh, and has

been again recently by Mr. Warington, to contain a consider-

able amount of nitric acid. But such .1 * al • 1 d, there is no
doubt, grow large crops of Graminese also ; which direct ex-

periments show to attain great luxuriance under the influence

of artificially
: t ires. But such a rich garden soil

contains an abundance of every thing—mineral constituents,

carbonaceous organic matter, and combined nitrogen in various

forms, and thus°the exact condit :<-s favor-

able to the Leguminosse cannot at once be discriminated.
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The fact of the comparatively little, or at least uncertain action
of directly applied nitrates on the growth of the Leguminos©,
would seem to be inconsistent with the supposition that it is

the nitric acid in such a surface soil that has given it its special

adaptation for the growth of clover for so many years—unless.

indeed, it be the case, that it is much more available to such
crops when in combination with some bases than with others.

The next point to consider is, whether there are any facts in

favor of the supposition that clover, and leguminous crops
generally, acquire any material proportion of their nitrogen in

lower layers, and in a more extended range of the soil, than

the Graminese. As an element in the discussion of this ques-
tion, it will be well in the first place to call attention to the

effects of direct nitrogenous manures, such as ammonia-salt, or

nitrates, on the growth of some of our crops.
In Table VIII is shown the estimated amounts of carbon,

yielded per acre per annum, in wheat over twenty years, in

barley over twenty years, in sugar-beet over three' years, ami
in beans over eight years; each with a complex mineral
manure alone, and each with the same mineral manure and
given quantities of nitrogen in addition, supplied in some cases

in the form of ammonia-salts, and in others as nitrate. The
gain of carbon by the use of the nitrogenous manure is also

Wheat 20 years, 1852-1871.

Comply MirMafan
re

i si

IComplex Mir re
1 H38 1 1

Snga -Beet S year,, \m\-l%n.

Icomplex Mir eral Mam re
1 H36

i
1

Complex Mir

! -2 r....

B- , ^,.1862^1864-1870
(Complex Mir

- nitrogen, as nitrate
1 992

| J66J
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It is quite evident that in the case of the gramineous crops,

wheat and barley, which contain a comparatively low per-

centage of nitrogen, and assimilate a comparatively small

beet, there was a greatly increased amount of carbon assimi-

lated by the addition of nitrogenous manure alone. In the

case of the wheat, there is much more effect from a given
amount of nitrogen supplied as nitrate, which is always applied

in the spring, than from an equal quantity as ammonia salts,

which are applied in the autumn, and are subject to winter

drainage. There is also more effect from ammonia-salts

applied to barley than to wheat ; the application being made
for the former in the spring and for the latter in the autumn.
There is again more effect 'from the nitrate than from the

ammonia-salts when applied to sugar-beet, the application

being made in both cases at the same date, in the spring.

On the other hand, the effect of the nitrogenous manure
upon the highly nitrogenous bean crop is seen to be, compara-

In reference to this point, it should be observed that there

has been this greatly increased assimilation of carbon in the

wheat and in the barley for more than twenty years, without

the addition of any carbon to the soil. It is indeed certain

that, in the existing condition of our soils, the increased growth

of our staple and starch-yielding grains is greatly dependent
on a supply of nitrogen to the soil. It is equally certain that

the increased production of sugar in the gramineous sugar-

cane, in the tropics, is likewise greatly dependent or. the supply

of nitrogen to the soil.

In reference to the great increase in the assimilation of car-

bon in the sugar-beet by the use of purely nitrogenous

manures, it may be of interest to observe that over the three

years of the experiments with sugar-beet, the increased produc-

tion of sugar per acre per annum was about 20 cwts. by the

use of 82 lbs. of nitrogen per acre per annum as ammonia-salts,

and about 28 cwts. by the use of 82 lbs. of nitrogen as nitrate

of soda.

It is then our characteristic-all \ star< i md sag

traps that are the most chara
' "1 by

_

the

application of nitrogenous manures; while our high v nitro-

genous leguminous crops are comparatively little beuehted by

Proportion of nitrogen of manure got bach by the increase of

crops.—But now let us consider what is the proportion of the

nitroiren supplied in manure that we get back in the increase

of the crops * by »te llse «
, ,

In Table IX is shown the amount of nitrogen recovered, and
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the amount not recovered, id the increase of crops for 100 sup-

plied in manure, to wheat, and to barley, respectively : the

result being in each case the average over a period of twenty

meat 20 years, W2-im.

Complex Mini Man! an
(Complex Min. Man. an

I 41 lbs nitrogen as ammonia 32-4 1
67-6 I

Barky 20 years, 1852-1871.

|Complex Min. Man. an 48-1
|

51-9
|

Speaking generally, it may be said that, notwithstanding
the great effects produced by the nitrogeuous manures, two-

thirds of the nitrogen supplied were unrecovered in the increase

of crop when the ammonia-salts were applied to wheat ; the ap-

plication being made in the autumn. When, however, nitrate

of soda was used, which is always applied in the spring, the

quantity lett unrecovered was not much more than half that

supplied. With barley also, the manuring for which takes

place in the spring, there is again nearly halt' the nitrogen sup-

plied in the manure recovered in the increase, and therefore

little more than half left unrecovered.
It may be observed that, in the case of root-crops, when the

supply of nitrogen is not excessive, the proportion of the nitro-

gen of the manure recovered in the increase may be much greater

than in the case of the cereals; while in the case of the Legu-

minosse the effects of such direct application of soluble nitro-

genous manures to the surface soil is comparatively so small,

and so uncertain, that it would he useless to uive an estimate

of the amounts recovered and not recovered respectively.
But what becomes of the one-half or two-thirds of the nitro-

gen supplied for the increased growth of the cereals, bat not

recovered in the increase of crop? Dr. Frankland and Dr.

Voelcker have made numerous analyses of the drainage water
from the ex; ..t.-wh'ieh have vielded the results

TbT x
ferred to

'
and a suinmar

.y
of ^eir results is given in
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The figures in the Table conclusively show that the quantity
of nitrogen as nitrates per 100,000 parts of the drainage water,

increased in very direct proportion to the increase in the amount
of ammonia or nitrate supplied, and it is obvious that there has
been a considerable loss of the nitrogen of the manures by
drainage. But as the subsoil rests upon chalk not many feet

below the surface, and there is, therefore, natural drainage con-

Btently going on, even when there is no flow from the pipes, it

^it>i -ii.h ll( u (
t, u - ,, .-mute the total amount of drainage,

and therefrom the total amount of loss. Other experiments at

Rothamsted, however, lead to the conclusion that, according to

season, from one-quarter to nearlv one-half of the annual rain-

tall may pass heh.w 40 inches. Now. supposing drainage water
to contain one part of 8 per 100,000 parts of

water, an inch of rain passing beyond the reach of the roots

would carry with it 2| lbs. of nitrogen per acre; and it is obvi-

ous that if from seven to ten inches passed annually of that av-

erage strength, the loss would be very great In reference to

this point it is of much interest to observe, that in the Report
°f the River's Pollution Commission already referred to, Dr.

Frankland gives a series of analyses of land drainage waters

collected at Rothamsted, at depths of twenty, fo

inches, respectively
; and those collected at twei

iably show much more nitrogen as ni

either forty or sixty inches.

•ty, and sixty

it'y inches, a'l-

tr'icaeid than

juld thus ap-

be indicated that a considerable amount of nitric acid

—i arrested in the soil below the depth of twenty, inches.

further, determinations of nirnmen in rh.- -oil.- do show some
accumulation. Indeed, it would appear probable, that the whole
°f the nitrogen applied to the wheat as ammonia salts or nitrate

those tab
pear to 1
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of soda, was either recovered in the increase of crop, or may be

accounted for by determinable accumulation within the soil, or

by loss by drainage.

In ordinary agriculture, the amounts of soluble nitrogenous

manures applied would generally be much less than in some of

these special experiments ; and the losses by drainage would
from that cause alone be proportionately less than that shown
above. Much, obviously, would also depend upon the charac-

ter of the soil and of the subsoil. Again, in an ordinary rota-

tion of crops, more of the supplied nitrogen would probably be

gathered up before it reached the lower layers, than in the case

of a cereal crop grown year after year on the same land. It

may be safely concluded, however, that whenever cereals were
grown, a material proportion of the nitrogen specially applied

to, or existing in the soil, which would be available to other

crops, would not be so to them; but would in the first instance

accumulate in the surface soil, and gradually pass into the lower
layers in the form of nitrates, to be eventually lost by drainage

if not arrested by some other crop.
The question obviously arises, whether we have not here a

source of some at least of the nitrogen available to leguminous
or to other plants having possession by their roots of a greater

range of subsoil than the Gr.-miiiieae. We have evidence enough
that although wheat and barley send roots down very deep into

the subsoil, and pump up moisture from the deeper layers, they

nevertheless derive much of their nitrogen within the surface

soil. If the Leguminosse do not so readily do so. or at any rate

naturally depend more upon the nitrogen in the lower layers

for a considerable proportion of that which thev require, and

moreover are able to avail themselves of the residue from the

manuring for other crops, what is the nature of the problem
that we may have to solve to elucidate this point?
By way of illustration it mav be mentioned that, supposing

a leguminous crop to acquire 100 lbs. of nitrogen per acre from
a layer of subsoil three feet in thickness weighing approxi-
mately 10,000,000 lbs. (exclusive of stones ami water) this

would represent only O01 per cent of nitrogen so acquired in

such subsoil; 200 lbs. of nitrogen per acre so available would
represent -002 percent, and soon. Now, even supposing that

the nitrogen existed in the subsoil in such a condition as to be
converted into ammonia in the process of combustion with soda-
lime, the difference between onesulw.il containing this, or even

nit of nitrogen, more than another could not with
certainty be determined by that process; for, in taking say 1$
or 20 grams of the subsoil for combustion the difference be-

onscoald not be expected to be
less than some units in the third decimal place (per cent); that
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is, in fact, equal to the total amount that maybe in question as

between two subsoils to be compared. Further, if this avail-

able nitrogen exist in the subsoil as nitrates, it may be a ques-
tion whether there would be a sufficient amount of organic

matter present to insure the evolution as ammonia of the nitro-

gen of the nitric acid.

It has been shown, then, that there are many questions still

open for investigation in regard to the relations of the surface

soil to combined nitrogen ; and there are obviously also equally

important points to investigate in regard to the nitrogen of the

subsoil, before we can hope to arrive at a satisfactory solution

of some of the problems which the consideration of the facts of

vegetable production which have been adduced, suggest for

enquiry. Nor are the problems still open connected with the

am til the condition, of the mineral food of plants within

the soil, either lew. or without special, and independent interest.

And although those relating to the nitrogen seem to call for

the first attention, the marked effects, so tar. of potash manures,

in increasing the amount of nitrogen assimilated over a given

area by the Leguminosas, seem to indicate the probability that

even the difficulties ,-oimected with the sources of the nitrogen

of our crops niav not be solved without further knowledge as

to the required conditions, or the actions, of the incombustible

More t.<
' ,-qulred.— Our results in regard

to the variations in the amount of nitrogen in the soils and sub-

soils of our different experimental plots, obtained by the soda-

lime process results already referred to, re-

lating to the composition of the drainage water from plots

variously manured, as well as others of quite a different kind.

have shown the absolute necessity for an extended investigation

of the soil question by more exact methods ;
and Mr. Warmgton

is about to devote, probably some years, to this enquiry at

-ted. It is proposed that the questions relating to the

nitrogen in subsoils should be the tirst considered, since, if the

results do throw light upon some of the points at present in

doubt, a definite step in advance will be so gamed
:
and should

they not do so, the ground will thus be cleared of certain obvi-

ous suppositions, and the course of further research will be the

more clearly indicated But if the amount of nitrogen to be

itited should prove to be represented by only units in

the third decimal place per cent, sav nO-2 for example, it is ob-

vious that to get as little as lour milligrams involved m the

analysis. 200 grams of soil would have to be operated upon.

s ..I the problem are thus sufficiently obvious.

But, by the aid of the process*-- - -wi.icn

have been explained by the President in his opening address,
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there is little doubt that they can be overcome, at any rate so

far as the nitrogen existing as nitric acid is concerned ; and by

the kindness of Dr. Frankland, Mr. Warington is at the present

time gaining experience in the use of those methods, in the lab-

oratory of the College of Chemistry, before entering upon this

special investigation at Bothamsted.
But even supposing we arrive at a satisfactory solution <>f

the, at present, unsettled points in regard to the sources of the

nitrogen yielded in agricultural production, when, as in the

experiments to which attention has been directed, we have a

soil to work upon which already contains accumulations of com-

bined nitrogen amounting to several thousands of pounds per

acre within the range of the roots of our crops, further questions

in regard to the nitrogen may still be left open, namely —to
what actions a large proportion of the existing combined nitro-

gen may be attributed: and what in particular is the exact

source ofthe accumulations of it in our soils and subsoils ? And
here it may be observed, in passing, that determinations made
at Bothamsted have shown approximately the same percentage

of nitrogen in the Oxford-clay obtained in the recent Sub- Weal-

den exploration boring at a depth of 500 and 600 feet, and in

the subsoil at Bothamsted, taken a depth of about 4 feet only

It is not within the scope of the present discourse to discuffl

fully what is known of the actual or possible sources of the

already existing combined nitrogen, the special object ol the

enquiry being, as intimated at the commencement, to brine' to

view the facts relating to the yield of nitrogen in agr

production, which the extended period of the investigations of

Mr. Lawes and myself have enabled us to establish, and to point

out the relation of this to the various known or supposed sources

of present periodic supplies, so as to indicate what [joints seem

the most urgently to demand further investigation. In the

papers already referred to, we have more fully considered wnat

was known of the various actual or possible sources of the

combined nitrogen which we know to exist, and to circulate,

in land and water, in animal and vegetable life, and in the at-

mosphere, and we have pointed out how little was established

of either the actual or the relative importance, in a qnuid<t<iike

sense, of the various actions by which it is admitted that free

nitrogen may in nature be brought into combination. I may,
however, observe that M. Boussingault and M. Schlosing have

tions to the discussion
of this subject. (Compt. Rend., t. lxxvi, lxxx, lxxxi, and
Ixxxii).

But whatever may be the origin of the existing combined ni-

trogen, or whether or not the agencies of its formation are more
or less active now than during the earlier history of the earth
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and its atmosphere, the question arises whether, assuming the
"iiiim to be independent of the direct action of vegetation, the
large accumulations within our soils and subsoils, admits of any
reasonable explanation ? On this point it may be remarked,
that ages <>i forest growth, or ol the uTowth of natural herbage
only grazed by animals, would doubtless leave the soil richer
year by year; as the amount annually lost to it would probably

• less than even the small amount known to be annually de-
i

1 ""
1 '' """tl 'atmosphere m temperate regions, at the present

time; and the accumulation would probably be greater still,
were the amounts of combined nitrogen in the atmosphere, and
brought down from it, greater than with us at the present time.
I hen. again, the influence on aqueous deposits of ages of sub-
marine vegetation, and of the subsistence of animal life upon it,

has to be considered. But a soil once broken up, and under
arable culture, it is difficult to conceive of anv svstem of aori-
'ulture by which so little ni.._G
tively determined to be annually dc
would be annually exported from t

Conclusion.—AJiA no
suits of the whole disc.
deuce points to the conclu

•' thes

- that hitherto quantita

i the atmospher

in a few words the re

ision, I think the balance of the evi

ion, that the answer to the question—
™„-v,osof then.MU«,

?l agricultural productions in particular, is more likely to be
touu.i in the relations of the atmosphere, and of the piant, to
the soil, than in those of the atmosphere to the plant itself.

One word more in conclusion. I have, as explained at the
outset, confined attention almost exclusively to one aspect of
the great subject of vegetation : but it will not be supposed that
1 have done so from any want of appreciation of the interest

""^importance of other lines of inquiry; and allow me, before
closing to allude to a point which can hardly fail to suggest it-

self on an inspection of the numerous organic compounds, made
by transformation in the laboratory, which are collected in the

Section of this Exhibition. Without in the least de-
gree disparaging such work, I would ask whether some of those
who have become masters of such transformations, might not

-ag'. armed with the experience thus gained, now
nselves to the study of the transformations going on

e plant and theanimal? In other words, whether it

1 1 -n i I tl t - m t tin th ugh mil labor now
•"i transformations in the chemical laboratory should

be transferred to the laboratory of nature?
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ART. XXII.—Apparatus for rpio H rit->f>n- Fot-xtrm'Mou ; On the

Composition of tin Sn;, Point <J„ ,/, Com/motion <>r Huh
Fodder; by S. W. Johnson.— Contribution* from tin Shrftithl

Laboratory of Yale College* No. XLIII.

I. Apparatus for quantitative Fat-extraction.

The apparatus consists of a glass tube A, off to £ in. bore
and 6 to 7 in. long, narrowed at bottom to a bore of \ in., and
there fitted by a cork to a flask C, of 80 c. c. capacity, and con-

nected above by a cork with a reversed Lie-

big's condenser 1). Within A a similar but
smaller tube B is maintained free from the

sides of the larger tube, either by three knobs
of glass fused upon it where it begins to nar-

row, by a support of platinum foil as in the

figure, or by suspension with help of a wire

looped around the upper part of B and a

hook depending from the cork above it. B
is closed below either by a plug of cotton or

asbestus or else bv a disk of filter paper sup-

ported by one of muslin tied over its narrow
and slightly flanged end. The substance to

be extracted is introduced into B, 50 c. c. of

ether or other solvent are placed in the flask

and heat is applied to boil the liquid, i" Its

vapor passes into the condenser, and there

liquefies
; the liquid drops continuously upon,

and percolates the contents of B. carrying
into any dissolved matters, whence it rises

again as vapor to be again condensed and
repeat the solvent action^
The cooling must be effectual and the heat

applied to the flask just sufficient to main-
tain a regular circulation of the solvent. B
may be weighed with its contents, after clos-

ing the end by means of corks or rubber
caps. To dn ,ts font, nts it may be connected at one end by
mean', of a perforated stopper and tube to an appa i

-

< .gen, at the other by a rubber tube several

« « n be heated

I position in a bath of boiling water,

iry gas is transmitted. The los

byi,

while a sic

weight of B and its dried c

amount of oil extracted mor
„ the



eighing of the latter. For ordinary quantitative fat

ons A and B may be made from stout test tubes

than tli
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3r ordinary quantitative fat-estima-

e from stout test tubes,

ly easier to construct and to handle

separate interior or exterior tube to
rry up the ether-vapors, but has the additional advantage

that the substance to be extracted is kept warm by being con-
stantly surrounded with hot vapor.

It is best to mount tin.- apparatus so that it may be put into a
somewhat inclined position if needful, as then by revolving the

apparatus on the condenser tube D the stream of condensed
solvent may be directed in succession on all parts of the con-
tents of B and any channels that may form are easily broken up.

In milk-analyses I have followed the fat-extraction by similar

treatment with 80 per cent alcohol for the separation of sugar.

II. On the Composition of the Sweet Potato.

The Sweet Potato {Convolvulus batatas or Batatas edulis) is an
esculent of great valui to tin United States. It is not only at

bome in all the Southern States, but is produced in large quan-
tities in Central New Jersey, and Central Illinois, latitude 40

;

:

and has been successfully raised in gardens in nearlv the cold-

est parts of New York, as well as in Maine and" Southern

Minnesota (St. Paul), in latitude 44 J
to 45°. It is probable

that under northern cultivation varieties may originate more
adapted to cold climates, so that were it needful its

;

cultivation might be extended several degrees of latitude

northward, as is said to h e happened i F in.] with regard

to maize, for which it is asserted that 46° north latitude was

formerly tin limit, whereas n it is \ rly to 52°.

The Sweet Potato is known in many varieties which ditter

widely 11, quahtv N.ttiunll\ t',e ml- '

1. 1 •••
,

at the north are less sweet and less highly flavored than those

produced in a wanner climate. The New Jersey and Delaware
sweet potatoes which are marketed in New England, though

palatable and largely consumed, are decidedly inferior to the

produce of Virginia. I am informed that sweet potatoes

of excellent ' 37°-38°,

while those produced in Central Illinois, lat. 40°, are "watery"

ratively insipid.
The sweet pot i'to 1 1 u,_i. s t t p, it it ti e 1

rth is t .
Nai -

-

""'I'd. taking its name from the southeastern county of \ ir-

Pima, whereat is said to have originated. The •• \

Improved," raised in Hanover Co.TVa.. is the finest variety ot

this esculent that has come under mv notice. 1 am indebted

to John Ott, Esq., of Richmond, Va., for abund mt dimples of

this variety, the high quality of which has induced me to

undertake its analvsis.
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The composition of the sweet potato has been studied by-

Proust, Einhof, Payen, Henry, Fromberg, and Antisell.

Their analyses were mostly made by methods less perfect

than those we now possess, and they differ from each other to

plained by the variations in quality of the
'

f, and some of them are evidently incorrect.

Since Mere is to my knowledge no printed summary of these

it worth while to reproduce them.

As chemists are too well' aware, no unexceptionable methods

for separating or estimating some of the organic principles of

our esculents have as yet been discovered. Since the tendency

of newer researches points to the existence in plants of a

series of isomeric bodies with the denser and maturer forms of

cellulose at one extremity and dextrin at the other, with vari-

ous celluloses, starches, amylod os interme-

diate', which defy separation and have' loiio resisted identitieation.

the best that can be done in proximate analysis is to follow

some method conventionally agreed upon, by which fairly com-

parable results may be reached. The analysis of the "Nanse-

mond Improved" was made essentially according to the plan

adopted by the German Agricultural Experiment Station.-, and

the results have been for the most Dart verified by repetition

and critical examination of the educts. This analysis has re-

gard only to the more important food -principles, without refer-

ence to traces of malic acid, etc., which have been reported in

For analysis, about 600 grams of the tubers were thinly sliced

i li
. i ,. l-7e„ n ,. - d in a warm room and then pul-

verized. In 5 grams of air-dry substance, water was estimated

by three methods.
1. By drying at 100° C. in a flask exhausted by the Bunsen-

Sprengel pump. This method, winch leads speedily to the de-

sired result in case of other vegetable matters, e. g., maize-meal,

hay, etc., required several davs' for bnu'j'nj -we<'t-potato flour

to a constant weight.
2. By drying in air-bath at 125° C. This process speedily

removes the water but occasioned browning of the substance.

3. By drying at 100° in a stream of hydrogen, a method
somewhat tedious but less so than 1, and now adopted by many
of the German Experii t Stat
The three methods gave of loss on air-dry substance

:

n I 6-90 "



S. W. Johnson— Composition of the Sweet Potato. 199

The total loss of water experienced by the fresh substance =
73-39 per cent.

Fat was extracted from the dried-residue of the water-estima-

tion, by treatment with carbon disulphide in the apparatus
before described. The process required twelve hours tor com-
pletion. Two trials yielded 0-26 and 0-31 of a soft yellow
substance, appearing at first like a pure fat, but which to the
feel and taste had more of the properties of wax than of the
ordinary fats. It probably resides chiefly in the laticiferous

tissue, whose yellow juice is evident on a" fresh section of the

sweet potato.

An aqueous extract of the sweet potato was obtained by
digesting four grms. of finely-pulverized air dry substance
with nearly half a liter of cold water for five hours and filter-

ing. The residue was treated with a similar quantity of cold

water for twelve hours more. Aliquot portions of the two
extracts were separately evaporated in capsules and dried at

212° F. The first extraction v» a- [>racth \\ > mplete, as the

second digestion took up but 3"5 mgr., or a little more than TV
per cent of soluble matters. The total amount of solid aqueous
extract, after deducting ash, was 7"94 per cent.

The aqueous extract was brown in color and perfectly clear.

Boiled, it gave a very slight precipitate, acids made it turbid,

and Ifillon'a test b the liquid on heating.

Iodine gave no coloration. Basic lead acetate gave a copious

precipitate, separating in flocks on boiling, and in the filtrate

Fehling's solution gave reddish-yellow precipitate on boiling.

These react : Lice of a trace of albuminoids, of

gum* and of a glucose. They exclude starch, amylodextrin
and dextrin.f
To effect proximate separation of gum and sugar, a portion

of aqueous extract was e\ morated to dryness, taken up in a

very little water and treated with 80 per cent alcohol. Sugar
was recovered by evaporation of the alcohol solution. As is

known, this separation is a rough one. The sugar obtained

gave on boiling with Fehling's solution, at once, a copious

flocky-red precipitate. Set aside in concentrated solution it

showed do s ition. It therefore largely con-

sisted of a glucose. Its amount was 6"86 per cent. The
substance remaining insoluble after a second treatment with

alcohol, which was mostly gum, was 1-08 per cent of the fresh

Cellulose was determined by alternate treatment of the po<

dered substance with dilute (2 percent) sulphuric acid and—

-

ie der Starkegruppe, p. 1
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soda solution, in the usual n
mixture of equal bulks of sod:

gave 0-187 and 0207 per cent or nitre

l.v 6-25 leads to the content of aOmmv
mated by difference. The summing up

Water

of the Swet

istion, with the

id slacked lime,

hich multiplied

Starch was esti-

.
>>v

(1 :S

Ash

Table I includes all tl

I have been able to find.

i the older analyses, 1 to 6, the figu

;s of the sweet potato that

starch and cellu-

_. value because they were the results of an

attempted mechanical separation. In fact these analyses are

worthless for any purpose, except as regards the water and

sugar estimations. Fromberg's figures for water are too excep-

tional to have any claim to accuracy.

As already mentioned, the figures in analyses 6 and 7 are so

coincident in regard to several ingredients, and so plainly

wrong in 6, as respects ash. that thev mast both be considered

untrustworthy. Whether the low amounts of water in 8, and

of sugar in 9, and the high percentages of sugar in 8 and of

starch in 9, are analytical errors or characterize the sweet

potato in its dirterent varieties, remains to be established by

future comparative investigations.

In the common potal S .»> a range of water

content from 68 3 to 821 per cent, and of starch-content from

15 to 26 per cent has been observed.
In nutritive values the Hanover sweet potato and the com-

mon potato on the average differ but little. Their comparative

composition is as follows

:

weet potato. Potato.

Wai
Albuminoids 2-2

The average composition of the ci

der Futterstoffe.
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The sweet potato is possibly more easily digestible than the
common potato, because of containing nearly 7 per cent of sol-

uble sugar in place of a similar amount of starch. Its sweet
taste is mentioned by European writers as a reason why it does
not enter more largely into the produce of southern France,
and probably for most inhabitants of temper
not relish s ion potato,

which, like bread, appears daily and twice daily on the tables
of the Middle and New England States, as well as on those of
England, Germany and France. The sweet potato is, however,
in its best varieties a most inviting esculent, and perhaps "wears"
better than any other vegetable save the common potato. Its

juices are so rich in sugar that the tuber keeps poorly, for

wherever the cuticle is broken, the common omnipresent fungi
take root, under favorable conditions of temperature and
moisture, and rapidly penetrate the tissues, producing dis-

coloration and dry or wet rot. French authorities report that

the potato-fungus, Peronospora infestans, attacks the sweet
potato as vigorously as the common.

III. On the Composition of Maize Fodder.

The use of maize as a fodder plant is very extensively prac-

ticed in this country as well as in South Germany and Austria.
In the latter countries maize fodder appears to be uniformly
regarded as a valuable resource to the farmer. In the United

ever, some excellent farmers have denounced it for

various reasons ; some because of the difficulty of securing the

crop, and others because of its supposed innutritious quality.

In fact, chemical analysis has been employed to show that

maize is a comparatively worthless fodder crop.
These considerations induced me to undertake its investiga-

tion, and I have been fortunate in finding highly suitable
material on the farm of J. J. Webb, Esq., near New Haven,
Conn., as well as the most hearty assistance in preparing the
fodder for analysis at the hands of that gentleman. Two sam-
ples, raised from separate plantings and on separate fields, were
placed at my disposal. The variety of maize was the Southern
or Norfolk White ; the seed was obtained from Long Island.
No. 1 was raised on long tilled ground and inverted sod, with
help of stable manure. No. 2 was taken from new ground,
which had borne two rye crops, was seeded, had been in pasture
for five years, was then plowed and had carried two successive
crops of corn fodder, of which it was of course the last. To
the soil that yielded No. 2 no stable manure had ever been
applied. No. 2 was sown 10 to 15 days earlier than No. 1,

and was more mature at the time of cutting the samples, Sept.
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In planting, three bushels of seed were sown per acre, in
drills 24 inches apart. When harvested the stalks had an
average height of 10-12 feet. Many stalks measured 14 feet
in length. Their diameter was very uniform, rarely more than
xi inch at the base.

The corn thus planted and growing under clean tillage was
so mature and uniform that it admitted of easy mid perfect
curing, and yet at the same time was so tender and palatable
that little or no loss occurred in feeding. When harvested the
corn- fodder contained a good many imperfectly developed ears,

some of them with nearly ripe kernels.

The corn on cutting was set up in the field in large carefully
made stooks, where it remained until Nov. 11, when it was
renioved to the barn in good order. The samples were ob-
tained by cutting off in each case an area of 10 feet square,

including 5 rows and a length of 10 feet on each row.
The stand of the crop was so uniform, both horizontally and

vertically, as to ensure a very accurate result in sampling.
Each sample was made into bundles which were at once

weighed, labeled and set up in the field as parts of a stook.

When the crop was housed the samples were again weighed.
They remained in the barn until February, 1875, when the use
of corn-fodder began for the winter. They were again weighed
on February 8th, and immediately were run separately through
a straw-cutting machine, which reduced them to half an inch

lengths, and in that state were brought to the laboratory.

;
Each sample was the i sed and weighed por-

tions were taken for analysis. The portions were reduced to

, iugh a sausage-cutter

and by the use of ^heu- unit a tie mti m n » - nntions were
further pulverized by triturating with purified quartz sand.

The proximate analysis for water and cellulose was conducted
as mentioned in the previous paper. "Ether extract" was
obtained by the extraol eady described. Ash
was detenii!!

, at a dull red heat in a platinum
dish.

J

The results of the analyses, calculated upon the material in

the different stages of d 'vas weighed, are the
fnll^,„:

° J
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The further examination consisted in extracting the pulyer-

ler with water, evaporating the solution, to determine

total quantity of soluble matters, redissolving in a little water

and treating with 80 per cent alcohol to throw down gum.

This treatment was carried out both with cold and hot water.

The results were as follows, calculated on dry substance

:

The water extract gave a reaction with Fehling's solution,

showing the presence of a little sugar. The alcohol pi

when redissolved in water gave no reaction with Fehliflg 1

solution but contained a trace of albuminoid.

Starch is carried into solution by boiling with water, and

soluble gum is more completely extracted by the hot macera-

tion of the imperfectly pulverized material.

These laborious trials were not duplicated, and it is not fully

i whether the absence of gum in 2 is the result of a

possible error in analysis or the consequence of maturer devel-

opment of stalks. The larger quantity of hot water extract in

2 is not improbably due to the presence of seed kernels with

abundant starch.

The results agree fairly with the average of a number of

analyses made of late years in Germany and Austria, which,

however, doubtless refer usuallv to a much smaller plant and

crop.

The subjoined statement gives : A, the average of my two

analyses ; B, the average of the German analyses as given by

Wolff, Piitterungslehre, 1874; C, the average given by Dietrich

and Kb'nig, 1874. All refer to the fresh fodder.

Total Yield.—The following figures give the gross
the two crops upon an area of 100 square feet as
by Mr. Webb's weighings, and also the produce
(found by multiplying these weighings by 4

f
""

;
-

-of water and dry mu-
tinies of weighing.



Dry
15-15f 6,939 3 1-2 17-9$ 7,661 3 8-10

Werner, Handbuch des Futterbaues, p. 602, gives the yield
of uneured maize fodder in Germany and Austria in four in-

stances, as follows: 50.000, 72,000, 72,000 and 52,800, or an
average of 60,000 kilos, per hectare. This average equals
53.440 lbs. per acre. One of the crops of 72.000 kilos. eM ual

to 64,129 lbs. per acre, made 14,000 kilos, of cured fodder,
" maize hay," equal to 12,470 lbs. per acre. The loss of water
in curing was 80£ per cent of the fresh cut maize. This indi-

cates that the crop was thickly sown, probably on very rich

ground, and was cut in a quite immature and watery state.

It is noticeable that the less mature crop 1, weighed fresh 1£
tons more than 2, but when field-cured 2 was 870 lbs. heavier
than 1. Crop 2, field-cured, contained 1| per cent more water
and also 3 per cent mo n -..than! The autumn
weather during which the fodder stood in the field was excep-
tionally fine and dry. After storing, the weather of the winter
was very rainy and damp, and for that reason the loosely packed

•isture, so that the average 5 tons of fodder

as it was stored Nov. 11, became 8 tons as it lay in the barn
Feb. 8, after exposure for three months to the damp winter air.

This gain of water was greatest with 2, amounting to more
than 3J tons for the produce of an acre, and being one-half as

much water as the green fodder lost in field-curing, and as

much as the field-cured fodder contained at the time of storing.

^uch variability in the water content of a harvested crop ap-

pears to be unexampled.
The objection urged against corn fodder that it is innutri-

tious does not apply in respect to the Mai yield of dry matter,

for to obtain 3 rVi (average of 3£ and 3 r
8
j) tons per acre of dry

matter from other forage, would require a crop of 4 tons of

meadow hay, and 4i tons of clover hay, admitting these to con-

tain 8 and 12 per cent of water respectively.

As respei '/. the corn fodder is very differ-

ent from meadow or clover hay. To make the nature of the

difference evident, I subjoin the average analyses of the dry

matter of Gi >' and an average of

the two analyses of Mr. Webb's corn fodder.

* Nearly. + Mnm «Tj«>tlv 1WHW lbs. t More ex

§ FromWetrich & KfiL^ Z^SL^tow and Verdaulichkeit der FutterstoBe.
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It is seen from the above figures that the German meadow
hay and the German corn fodder are almost identical in com-

position. Clover' hay differs from them in containing some

four per cent more of albuminoid and four per cent less of

curl » .hydrates. Mr. Webb's maize fodder contains but one-half

as much albuminoids and fat as the German, while its cellulose

and carbohydrates are each four to five per cent more. This

difference between the two statements of maize fodder depends

simply on the fact that most of the German analyses were

made on less mature maize. Some of the German analyses

give but 0-9 per cent of albuminoids in fresh fodder, the same

result as in Mr. Webb's 1 (0-88).

How greatly age influences the content of albuminoids in

forage plants is shown by the fact that meadow grass quite

young as it is found in pasturage contains in its dry matter

24 per cent of albuminoids, cut just before bloom 12 per cent,

and at end of blossoming but 8 per cent. In case of both

maize fodder and meadow grass the inferior quality of the

older vegetation is compensated by their superior quantity.

Such maize fodder as Mr. Webb produces is valuable when
properly employed. Used as a substitute for meadow hay it

would be j.; ( ali l b l

as an ingredient of a properly compounded ration it has a high

value. In New England, hay commands a high price in the

cities and large tow n^ md s thei for. idapted to sell off rather

than to consume on the New England farm. The farmer can

raise or buy Indian corn, cotton-seed meal, and other concen-

trated foods, and combine them with coarse Fodder to make a

cattle food equal or superior to the best of hay, at less cost

than is involved in feeding the latter. To throw cured maize
fodder out in the cattle yard or to feed it in the stall as hay is

fed, is likely to be highly wasteful. To attempt to sustain

cattle on it alone or to employ it as an adjunct to hay is also a

mistake. To use it profitably it must be finely cut and well

mixed or alternated with maize or < ran, or some
i atonal which serves at once to ensure its large consump-

'
•

, : . .1

- contaiu too much albuminoids, I'at and
starch, for healthy and economical cattle food. Maize fodder
contains too little of these and too much coarse fiber. The
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mixing of the two in proper proportions enhances their separate

value and makes a more perfect nutriment, and under New
England circumstances doubtless an economical cattle food.

The digestibility of cellulose in the alimentary apparatus of
herbivorous animals has not only been amply established by
numerous feeding trials in the agricultural experiment stations

of Germany and Austria, but the relative digestibility of the

cellulose and other food-elements of various kinds of cattle

food has been the subject of repeated experiments. The
method of these investigations consists in determining by
chemical analysis the amount of cellulose, etc., contained in

the ingested food and the amount that passes off in the solid

excreta. The difference is the quantity digested. It has

been found as the average of some 45 experiments on oxen,
cows, goats and sheep, that 62 per cent of the cellulose of

meadow hay is dissolved in the digestion of these animals and
serves as food, while as the average of 18 trials but 46| per

cent of the cellulose of red-clover hay is digested. In a

single trial Moser found that 72 per cent of the cellulose of

maize fodder was digested by sheep. One result is not con-

clusive as to the comparative digestibility of maize fodder,

because this quality is influenced by the maturing of the

plant, and bv the individuality of the animal, as well as by
the proportion of food-elements' in the ration ; but it indicates a

Moser's results in regard to the other ingredients of maize

fodder show that the sample he worked with was in all respects

more digestible than the average meadow or clover hay, except

tiics,.. are cut before blossom, and was, roundly speaking, twice

tible as the straw of the cereal grains.

I am indebted to my friend and late assistant, E. H. Jenkins,

M. A., for carrying out the details of the foregoing analyses.

XXIII.— On the Meteoric Stone of Rochester, Fulton County, In-

diana; bv Chakles Upham Shkpabd, Massachusetts Pro-

fessor of Natural History in Amherst College.

A fall of a meteoric stone took place at about 8:45

Thursday evening of the 21st of December, 1876. The cir-

c m t onnected therewith are drawn from several com-

munications.* The first is from Professor Daniel Kirkwood, of

Bloominaton, Indiana, Professor of Mathematics m the Indiana

State TJniv - Journal.

Professor Kirkwood's account says: "Last evening, Dec. 21,
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about 8:45 o'clock, our citizens witnessed a meteoric display of
extraordinary brilliancy. A fire-ball, described bv many ob-
servers as surpassing the moon in apparent magnitude, followed
by a great number of smaller meteors, was seen in the northern
heavens, moving in a . — ,\ direction. Its tii-t apj
was at a point 12° or 15° north of west, and about 10° above
the horizon. Its greatest altitude, as seen from Bloomington,
was about 18° or 20°, and its disappearance oeeurred at a point
in the northeast, some 5° or 6° above the horizon. A remark-
able feature of the meteoric group was the slowness ,,f its

apparent motion. The time of flight was variously estimated.
Most observers, however, think it could not have been less
than three minutes. Many of the meteors following in- the
train of the principal bolide were larger than Venus ordinate!'.
No attempt was made to count them, but their number was
certainly nearly one hundred. Some minutes alter the disap-
pearance a rumbling noise was lieaid, winch was supposed to
result from the meteor's explosion."
The second is from the Columbus (Ohio) State Journal.A meteone display, which, for singularity and beauty, few

persons in a lifetime have the good fortune to behold, was
i by six or seven persons, mvself included, on the

evening of the 21st inst, at just 9 o'clock. Four of us were in

- car, and two or three others on the engine of the
ram, clue in Columbus at 9:20 p. m., on the Cleveland,

Mount Vernon and Columbus Eailroad, and within about four
miles of the depot. At that point the ti k - rlv north
and south. The cluster or flock , t , , sixty
in number varying in apparent s, u „., u k. t do wt
to the size of large apples, were sec ..... It. aether like
a nock of wild geese, and moved with about the same velocity

'•;• The color of their light was a yellow-

if'rembm? tllelielltfrora the red balls of fire thrown
out by the explosion of some kinds < ,f sk v-n >ckets. There was

In
e

/o' ''

I" M
window of

our car, made the discovery at .

,ment, in a

wer?i- 'L
eCt!°n

'
Whe" Seen b^ the «« ^ ", the meteors

The earth T^ OVer the tnlck and v^
orm havinl^r Srt * :

'

"*»**
stat tW g Wltnessed it from a movin°- train but simply

of note!"
M thej aPPearecl t0 myself a°nd others as worthy



C. U.Shepard—Meteoric Stone of Rochester, Indiana. 209

The third notice attended o
consists of a letter addressed to Professor ]

A. J. Norris, the finder of this stone.
"Enclosed you will find a specimen of the meteorite. The

circumstances under which the stone was found are these.
Hearing a rumbling noise, I stepped out of the house, and
heard the stone fall. I marked the direction of the sound, and
the next morning repaired to the field whence it had proceeded,
where I discovered it lying upon the snow. I saw two places
where it had previously struck, and from whence it had
bounded to its resting place. No appearance of any other
stone was visible in the region. Its weight was about three-
quarters of a pound."
The following is from a letter (dated Bloomington, Ind., Jan.

19th) from Professor Kirkwood to myself

:

"You were kind enough to express a wish that I would fur-
nish you some notes in regard to the meteor. I have written
many letters of inquiry, to some of which I have received
replies. I have also a number of newspaper accounts of the
ph^numejiou. I rearet to say, however, that many of the
statements made by observers are so inaccurate and contradic-
tory as to be of little value. Being busy with other matters, I

tearly all of them in the hands of Professor Wylie.
The following conclusions, derived from the observations at

-ton, Indiana, and Wooster, Wayne County, Ohio, can
'ie relied upon as nearly correct:
Rev. Dr. Wylie, Professorof Natural Philosophy in the Indiana

state University, noticed the point in a tree apparently passed
bY the meteor. The angle of elevation was subsequently

ad to be about 15 degrees. But the meteor
Passed our meridian 131 miles north. These data, making
"" tiiei to i tin ( m \ itun of the earth'.- .- ni < give about

38 miles as the height of the body when passing the boundary
^ne between Pulaski and Fulton Counties. Indiana. At
W ooster, Wayne County, Ohio, the meteor apparently passed
a particular point of the steeple of a public building. From
f

1 "* observation the apparent altitude when over Lake Erie,

immediately north of the city, was found by Professor Samuel
•' K cwi >od to have been about 24 degrees, corresponding to
S
mu

e hei° bt °f 28 0I' 29 tni!eS -

.
Ine most western point from which I have received a report

M Emporia, Kansas. It passed that place a few degrees S. E.

°J
the zenith. I thin ![ie visible over the

N
- W. corner of Texas, at an elevation of 70 or 80 miles. The

estimates of time for the meteor are so discordant that it seems
"^possible to determine whether it was moving in an ellipse, a
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Description of the Rochester Stone.

It belongs, by way of eminence, to my order of Oolitic, of the
class Litholites, and resembles most closely the Pegu (India)
stone of December 27, 1857, particularly in the character of its

crust and in its pisiform external structure. The two stums are
not unlike in color and in the facility with which they may be
broken, both yielding to separation when in small masses,
under the mere strength of the fingers. The thickness of the
crust in each is double that in the majority of litholites. The

bint of color is also the same in both. In the Bochester
stone, however, the shade is less gray, from the greater preva-
lence of an almost pulverulent, nearly white mineral, in which
the dark ash-gray globules are imbedded. This white mineral
forms less than one-tenth of the mass. The globules varv in

size from a millet-seed up to that of a pepper-corn. Their
shape is almost perfectly spherical, and plainly indicates an
origin from fusion, the surfaces of many of them being obviously
mammillary, while internally they present a porcelainous, com-
pact structure.

The globules are probably forsterite, of a variety nearly
identical with boltonite. This appears the more likely from
the circumstance that those situated just below the crust have

vish tint acquired by boltonite after its subjection to

'"'
- •

.

'

of the globules in the meteorite took place on its entrance into
our atmosphere when the fusion of the surface occurred.

1 he white semi-pulverulent basis of the stone I take to be
Ohladmte (%'Si*). In one of my specimens, it shows itself at
a single point in its characteristic loosely crystalline structure

;

ana there closely resembles this species as seen in the Bishops-
ville (March 25, 1843) meteorite.

,

1
.

he mete
? ). as in the Pegu stone, is very

obvious
;
and rather evenly distributed, though probably not

exceeding one per cent in quantity. In place of being in
shapeless grains or points, or in curved wire-like fibers, it is

rtallrae in structure, showing occasional rectangular
-• Troilite is barely visible at two minute

points m the specimens thus far examined. Two distinct
grains of Chrysolite, of the size of half a rice grailshowing ,n eac

,
( , )lor and lufter Q\ th;

.
K^,

meteoric iron Moreover, these

gloirules^
6 ^ th6 PCTfeCt 8Pherical form "f tu e forsterite

thM™CifiC

*
g£vit

? °f a fragment, whose surface was one-

insDect nn
' V

S

I65 "
J
l
m^ be added in conclusion, that the

•
of this rather peculiar stone strongly suggests the

idea that the p.siform globules were produced by the sudden
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fusion of what was originally a chladnitic material
the Bishopsville stone), am"id particles of cbamasi
by access of oxygen, whereby the silicate of magn<
converted into the more fusible double silicate of m

Art. XXIV.—Examination of the Waconda Meteoric Stone, Bates
County Meteoric Iron and Roclamjham Vwmty Mdtoric Iron;
by J. Lawrence Smith, Louisville, Ky.

The meteorites under consideration have been known for
some little time, Prof. C. TJ. Shepard having given a notice of
the Waconda meteoric stone in this Journal of June, 1876, he
having acquired the larger portion of it : the remainder lias

been kindly presented to me by G. W. Chapman.
The existence of the Bates County meteoric iron was an-

nounced by Prof. G. C. Broadhead (this Journal, Nov., 1875)
to whom 1 am indebted for a large portion of the original mass.

Waconda Meteorite.

One feature to be noticed in connection with this meteoric
stone is that the time of its fall is not known ; it having been
discovered in a ravine near the village of Waconda in Kansas
tfat. 39° 20', long. 98° 10'). While there are three or four of

these softer meteoric stones, consisting almost exclusively of
stony matter, the exact time of whose fall is not known, there
is every reason to suppose that their falls were observed, and
that they were collected at the time; but falling in remote
Places, and in the lands of those not accustomed to note pre-

cisely the dates of natural phenomena, the exact date of the
f" ' -is f n-jott. n •

1 •
, in iched those who were interested in

toeve bodies.
In the present instance nothing was known to lead to its dis-

covery, and it was sin, .... n-arlu'ivd uu (>v an inhabitant of a

sparsely settled region . . !
'

> d is !
account of its singular

'. and was only recognized as a meteorite some time
afterward by one who had some knowledge of these bodies.

Although but recently brought to notice, it was discovered
wo years ago, and Ian, inclined M believe that its discovery
must have been made not verv tnanv months after its fall, as

otherwise it would have under- iecomposi-
t'on; as it iS) tl]( , jnri . ,.;,„. j/ m;il .]-ei with large blotches of
oxide of iron arising from oxidation of the particles of iron by
the water penetrating from without.
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This exposure has doubtless had something to do with its

friability as a whole, for many parts of it are quite firm

where the iron is not oxidized, and, as Prof. Shepard says, it

has the average cohesion of this class of meteoric stones. As
he has already given a general description of it, I will not

repeat it here, but proceed at once to give my chemical and

mineral analyses.

The specific gravity of pieces from the interior varied from

3-4: to 3
-

6. and when si illy consisted of

—

Stony matter .. 90-81

Nickel iron - 5-34

Troilite 3-85

The amount of the last mineral was made out by chemical

analysis. The nickel iron contains

:

Iron 86-18

Nickel 12-02

Cobalt -91

Copper -04

Phosphorus not estimated.

The stony part treated with large excess of aqua regia gave

:

Soluble part . 69-00

Insoluble part 4 TOO

Composed of—
Soluble. Insoluble.

Silica .... 34-52 54-02

Protoxide of iron 30*01 18*10

Magnesia 32*50 23'45

Alumina -43 2
-30

Manganese -61
*36

Soda with trace of potash and lithia '89 I'58

The analysis clearly shows that the stony part of this meteor-

ite consists of the usual mixture of olivine and pyroxene

minerals ; the hyalosiderite predominating in the former, and

bronzite in the latter.

Two minerals were detached in small quantities and analyzed

separately. The first was a dark colored mineral, readily seen

m BmaD parcels and veins; this, freed as far as poss
the adhering minerals, was found to be soluble in strong hydro-

chloric acid, and the prolonged action of this acid on the min-

eral, heated over the water bath, decomposed it very nearly

completely
; it is composed as follows:

Silica 41-10

Protoxide of iron " 27'20
Magnesia.. 2831

Manganese __ -32
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Its solubility in cblorhydric acid, and its composition, clearly
point it out to be of the olivine type.
The other mineral was found only on one part of my speci-

mens and there in the form of a white crystalline ma«' not ex-
ceeding in weight 20 milligrams; it looked at first sight like
enstatite, but there was sufficient difference in its aspect to lead
me to detach a few milligrams and test it : when I found it
r< «hh and completely soluble in hydrochloric acid, and as far
;!< !t w:

.

,s possible to decide on so minute a quantity it appeared
to consist only of silica and magnesia.
Insolubility ^h.)\vs elearlv that ir is not enstatite, and I can

igine it to be of the olivine type and consisting entirely

sia, occupying the same place among the

tat the enstatite does among the
I simply note this fact here, not as giving an vvery

3imply that it may be looked into by those
investigating these subjects.

Bates County Meteoric, Iron.

This meteoric iron was first made known by a short note in

mal, Nov., 1875, p. 401. It was discovered near
gutter, in Bates Count v. Missouri flat. 88° 20', long. 94° 22'}

- it reached me had been in a blacksmith's forge, it

en heated for the purpose of cutting off a piece. It

about eighty pounds and was of an irregular form,
;.v equal diameters in all directions: it had a thick

coat of rust on the surface ; the metal is very tough and when
-• numerous nodules of troilite were found on the in-

terior free from any schreibersite. The Widmanstatian figures
are readily developed, and are very large and regular.

Its specific gravity is 7*72. Its composition is—

Phosphorus ......... --- *12

Some of the troilite was detached but not analyzed ; its

specific gravity is 4 -73.

Rockingha.h County M^eoric Iron.

This meteoric iron was first brought to my notice, in 1870,
oj Prof. W. E. Kerr, the geologist of the State of North
^arohna

; but a short time afterward, seeing a notice of it by

Ptvi j
th in the Proceedings of the Academy of Sciences of

bia, and as he proposed giving a further e •

P1 the same at some ; ride my notes concern-
no it

; but having been frequently asked for particulars in rela-
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tion to it from those possessing specimens, I have concluded to

publish the notes made at the time it came into my possession.

This iron was discovered in Rockingham County, North

Carolina, on a spot known as Smith's Mountain, two miles

north of the town of Madison, about lat. 86° 20', long. 79° 45'.

It was found by Mr. Peters, from whom Prof. Kerr obtained it

about the year 18H8. and was lying on the surface of an old

field which had been out of cultivation less than twenty years,

and for that reason it is supposed it may have fallen within

that time. It weighed originally about eleven pounds and was

covered with a coating of rust. Its structure is highly crys-

talline, and when polished and either heated or acted on by

1 furnishes remarkably fine Widmanstatian figures,

with delicate markings on the inside of the figures, which I

designated sometime ago as Laphamite markings, having first

observed them on the Wisconsin iron.

This iron contains narrow seams of schreibersite that pene-

trate the mass for several centimeters in different di

some of them being two or three millimeters in thickness. In

one part of the iron I discovered some solid chloride of that

metal, enough to test its nature, and I detached a small

that is now in the Museum of the Garden of Plants at Paris.

It attracted moisture after being taken from a crevice in the

iron, and became quite soft. This is the second time I have

observed this solid chloride in meteoric iron. The nickelifer-

ous iron, constituting the mass, exhibits the eharaeteristwa

common to iron meteorites, viz: more or less diversity in the

character of the iron in different parts, these varieties being so

intimately associated that we possess no means of separating

them. Dr. Genth considers it as composed of three different

kinds of iron.

I selected a fragment perfectly free from any schreibersite

visible to the eye ; it gave a specific gravity of 778, and on

analysis was found to contain

—

Iron . 90-88

Nickel 8-02

Cobalt -50

Copper -03

Phosphorus -03

This will be seen to correspond to the analysis of Dr. Genth
before referred to, which was as follows :

Iron 90-41

Nickel (cobalt) . . 8-74

Copper o-ll

l™
1
^
-;----, °"27

) Pliosnhide insoluble
Nickel cobalt. __ 0-33 K TT ^,, ao\A.

Phosphorus .... 0-U
)

ln ohlorfiydne acid.
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Art. XXV.— Certain features of the Valleys or Water-courses
of Southern Long Island; by Elias Lewis, Jr.

That portion of Long Island which lies southward of its cen-
tral range of highlands, extending from near its western extrem-
ity to the Shinecock hills, is a plain, nearly level, traversed by
numerous shallow valleys or water-courses. There are about
thirty of these valleys, well defined, in a distance of fifty miles,
between East New York and Eiverhead, making one for a little

less than two miles. In the lower end of most of them are
flowing streams of singularly pure water, supplied bv under-
drainage of the region. The point where the springs break out
m the valleys represents the surface of saturation in the soil.

Above this point the valleys are dry excepting rarely when
streams occur from surface-drainage during freshets, or from
melting snow when the ground is frozen.
Few of these valleys are more than twenty feet in depth;

their source is uniformly upon the high grounds, whence
they extend southward to the bay. In some cases they may be
traced nearly across the bay beneath its shallow waters to the
verge of the ocean, affording evidence of a recent subsidence
of the coast. A very marked peculiarity in their form is

the steepness or abruptness of the banks upon their westerly
sides, and the very gradual declivity of those upon their east-
erly sides. This feature is so obvious that it has long attracted
the attention of travelers, and of others acquainted with this

the island
; and we know of no exceptions to it which

cannot be explained by local conditions, such as may have
arisen from confluence of streams or similar causes.

Another interesting feature of the valleys is their general di-

rection. With some local exceptions their general trend or direc-
tion is a little west of south, and observation of them through-
out their length renders it clear that this trend has arisen from
some general cause acting during their erosion. The westerly
or right banks have been eroded and worn away by the streams
which formed the valleys, and now that the streams have ceased
t0
m

1

i

0(^e tliem tae steep banks remain.
I he long declivities upon their easterly sides prove that the

axis of the stream was originally several rods, in some cases
trom an eighth to a fourth of a mile eastward of where the axis,
or deepest part of the valley now is. The phenomena we are

considering cannot be explained by any merely local cause
w'th which we are acquainted. The valleys are of post-glacial

formation, and are in stratified gravels and sands distributed
°-Unng the Champlain subsidence, and were probably formed as
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the coast gradually emerged from the water at the close of that

Features such as we have described have frequently been
noticed in river valleys, but we are not aware of any instance

where so large a number of short valleys, none of them more
than ten miles long, present in so striking a manner the pecul-

iarities mentioned.
That the cause is a general one seems probable. As sug-

gested by Prof. Dana, who recently visited the island, the form

and direction of the valleys in question may have arisen from

the combination of motions to which Prof. Kerr of North Caro-

lina attributes similar phenomena in tin- -mtli eastward (lowing

streams of that state. "The cause," Prof. Kerr observes, "is

doubtless the rotation of the earth upon its axis co-acting with

the river current" To a like combination of motions Prof.

Maury, in 1855, referred some of the phenomena of ocean cur-

rents. The principle is the same that is exemplified in the

Q of ocean waters, in which, as a writer observes,
" Any waters flowing from the polar regions (where the earth's

motion is slow) toward the equator, would be thrown mainly
against the west side of the oceans * * for they have no
power to keep up with the earth's motion."
A similar result occurs with southward flowing streams over

the land. For this reason the bank upon the west side of the

stream is continually driven against it, in consequence of which
the bank is abraded by the current, and worn away.

SCIENTIFIC INTELLIGENCE.

I. Chemistry and Physics.

1. On Rock-rri/ttai /;.//,,,„,>./„ .,„,,,_ 77,, rm ,> ine tJ:r^ lf}/ J qra'ht-

1 >.—Stein, who, in 1874, proposed the manufacture of

standard linear measures and wei-'hN in r»rk .-r\>t:il, now goes
farther and suggests the manufact a

circles for telescopes, theodolites and qua. Smuts, and even ther-

mometers, of this material. With reference to weights, he states

that the spherical form has been ad.pt, ,1 j„ ,,,-. tcrence to the

for many reasons, among others, because it is cheaper.
For balance-beams, and scale-pans, the lightness of quartz, •><&. i*

in its favor, aluminum being only 2-61 ; moreover its unall
~ eomplet'e. The construction presents no

special practical difficulties. Graduated circles are cut from a

dicular to the axis. For thermometer-, a rod
used for the linear unit can be bored lengthwise and the

tube polished, an enlarged reservoir being made at the bottom for
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pper of the

187V.

1. Evolution of Hydrogen at both Electrode* in Ek-rtroh'/sis.—
Elsaesser has made the curious observation that if a wire of

nn be made the anode in a deeomposition cell i ontainhi"-
iric aeid, a wire of platinum bein^ made

the eatlmde, hydro-en -as is evolved at both eloetrodes, tleni-h at
the anode onh half a* much -'as appears as at the cathodeTaud
that this ratio, though the total evolution ot -as varies with the

•tvngth, remains constant. The same result happens
. :. ii >.;, ih \ dilute solution

sium sulphate is used; onlv in thi> ease, ma-nesium hy-
drate is deposited at Loth electrode^ Diiva quantitative experi-
ments showed that the quantity of magnesium dissolved at the
anode corresponded exactly to the quantity <>f hvdro-en set free
there; the volume of hydrogen evolved at die cathodt

that set free in a voltameter in the same circuit. The
nee believes that the positivitv of the ma -nesium is so

increased by the current that it combines not onlv with the
••xyuvn s, t tVe, l (v this current, hut also with a- hlitional oxygen,

--H which was united to it, appeann- in the tree state.
Why, however, this hvdroiren - half of that
evoived at the cathode, is a question not yet capable of explana-
tion.—Ber. Berl. Chem. Ges., ix, 1818, January, 18 77. g. f. b.

3. Melatiim of the M<>h<-„1 •,- , :,<• i- ,f < /,. i d substances to

r, — \ ! KOKNJ has examined a number
ot simple liquids and also a number of solutions, with a view to
measure their power of absorbing beat, in order to trace some con-
nection between this property and g;b.ts, The

were concentrated upon a slit half a millimeter wide,

; _ tin liquid to be examined,
i lene an spectrum. A thermo-

opening one millimeter wide was moved millimeter

ilong this spectrum, the deflection of the needle

i li'tt. d is , al adat, d; tin 'itference between the re-
M " r u '"

( -i; the tank is full and empty being due clearly to the
absorption of the liquid within it. The author concludes: 1st,
jnat the molecular absorb a- power appears to be constant: (A)
lor the elementary bodies when dissolved in the same medium

;

•

gous chemical constitution \nion- other physical results, he has
observed that when thi irce of heat of known

raU-d. the ab-rbia- p.-wer of bodies submitted to

ratio.—
J
'f ^ '/,. II. XX.i, ;) ( .e !: ,^er. -7m O.F.B.
*• On the K \/,,„, ,,,-s : ,' I'.irri <,, .,r C }„ „ i„ L*<,„i,,o.i*

Hatnt*.—IIkumaxx, in I is f urth pap* r < n the theory of luminous
Am

- Jorji. Sci.-Tiiiud Sekies Vol. XIII, No. 75.—March, 1877.
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flames, consi stion of the natur
emitting materia] in luminous hydrocarbon flames, and conclude-

that it is really solid incandescent particles of carbon. The
proofs he offers are: ] st, the increased lumii.

gives to weakly luminous or non-luminous flames*, due to its well-

known property of separating the carbon as such. 2d, a rod held

in a flame is smoked only on the lower side, the side opposed to

the gas stream ; were the carbou there as vapor, as Frankland
assumes, it would be condensed by a cooling action and so all

around the rod. :;d, a body held in the flame is smoked even

when it is in a state of ignition ; this therefore cannot be con-

densation of a vapor. 4th, these particles can be actually seen in

the flame when it is made- to strike against a second flame or an

ignited surface, these particles aggregating together to form vis-

ible mas-es. 5th. the luminous portion of a flame is not very

transparent, no more so than the layer of smoke of the same thick-

iies- winch rises above a flame fed with turpentine. And t.th,

:

, unquestionably , rA ,. their luminosity to the presence

of solid particles give a shadow with sunlight," precisely as do
hydrocarbon names; while luminous Humes composed of' ignited

gases and vapors only, uive no such shadow in sunlight,— Litl>'n/s

Anna/en, clxxxiv, 200, Dec. 1876. G. F. b.

5. Al-ohol from f/n Lt o /v.s of th,

that the sugar found in the beet-re

lea\ es, has examine 1 these lea\ • s

to the difficulty of preparing tin

juice expressed f

alcohol obtained, estimated the quantity of smgar. The leaves

employed were collected in November." and weighed 158 kilo-

grams. They yielded 34 to 35 liters of juice, which after

gave 275 cubic centimeters of alcohol of 68 per

6. On the ]>.Uctl, llt ()f onlhoiry Alrohol
Bkktiiklot gives the following simple method
presence ,.f ethyl alrohol in wood-spirit. The suspected mixture
is heated with tuiee it. s,du,ue ,,f <-i >n«-. -n- rated sulphuric acid.

and the gases evolved collected. If they consist solely of methyl
fth'-r. tin y will i e entirely absorbed bv water or by concentrated

id; but if alcohol be present, ethylene "will be formed
which is insoluble in these menstrua under these conditions while

it i< ai-orhed by bromine. S«, small a quantity as one or two
per cent of alcohol mav be recognized in this way. Acetone and
" Ti

'
-mu ii ' dies present ii u ood-pirit. yield no ethylene.—

Ann. C/iiou Phys., V, ix, 54, Sept. 1876. " g. f. b.

.. s
:
,>,the*>s of AI!f tl,t»;n.—liiintxvx, having observed that

A m reacting upon urea generated a substance p* nivile

SH8^A, homologous with alia ,at its homo-
logue, glyoxylic acid, by the same Id allantoin



and the r.
• (solved in

times its weight of boiling water. This on cooling
crystals, wiiit-li after recrystailization appeared as brilli

hi- rous prisms, ir'tvin^ < n malvsis the formula C 4
H

6 X
having al! the properties of allantoin. The reaction is :

CaHaOs + (CON sH4 ) B
=04HsN4.O s+(HtO)a

The mode of its formation proves allantoin to be a

thehy ri t ; ;;,.*: .v;;. ,ii ram ../an iiiii.- i n -mo «.'<

h.lorire" ,

r.ut it LpTofaye^

uXv
rup In r) \,~ added,

due" to a new l.,,dy which t he ai

V.'ix.

•: .h-ii!

57 i, D
-acy in the rea.

e Flaln'es.—Mv. R. II. RidoiITT hi is devised
»

v v.

,1 difficulty c

i high and cons
nietall ir rub.

'at one end wi

endot this is

flame

1..1 is <

ible sui)port, and the i

- the mouth of the oute
applj

1. it now gives a long

7
;

':
!

;

! ve by 1owering the inn er tube. Sev erai i
'

l lh.i'v of imiv'iral ] c I'hNemrM > mU be -howii whether
ejet is lighted or not.—iViHwr*, x\r, 119. * c. p.
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10. Theory of Luminous Flames.—Dr. Karl Hustmaikn has
published an elaborate discussion on this subject, in which he con-
cludes that the theory of Davy must 1 .- altered, but need not be
r<

; 1 L«-e.l by a new hypothesis. From :i discussion of the work of
previous observers, and a variety ot experiment- on the diminution
and re-toration of luminosity in hydrocarbon flames, and on (he
l^ : |:;" ] " ween flame and burner, he arrives at the following

(1.) The fact that a gas-flame does no^ rest upon the burner,
nor a candle-flame upon the wick, as also the fact that a flame
mv, ' r duvetly touches a cold body held within it, is to be ex-
plained by the cooling action exercised upon the gas by its sur-

• are cooled I hrou-imut a definite
•*•«" below their ignition-temperature; the flame is therefore

-uished. This conclusion is opposed to that of Glochmann.
The very considerable distance noticed between the burner
e flame of a gas issuing under high pressure, or mixed with

a large column of an indifferent eras, cannot be accounted for on
-

|

ut forward by Benevides. The production of such
U her to be traced to the cooling action of the

-as and of the outer air, and perhaps more especially to
the fact that the velocity of the stream of gas in the neighborhood
of the burner is greater than the velocity of propagation of ignitum
within the gas.

(3.) In order that other circumstances conditioning the effect

may be removed, the velocity of propagation of ignition must be
equal to that of the gas-stream at the point, situated some distance

re the flame begins.
Determination of the velocity of ignition should be made under

these gondii? . ..„{ s ;,„.
(

, lhis ma!Tnitude is a
function of the difference between ignition and combustion tem-
peratures, conclusions may be drawn from such experiments
regarding: the relations exi-thm; between these points.

(4.) The velocity of propagation of ignition may be easily deter-

-: and the numbers
bo obtained may be regarded as comparative quantitative expres-

;
to ignition of these substances.—Ann. der

Ghemie elxxxi, II, 129, clxxxii, 1 ; Phil. Man., iii, 1. k C. p.
II. L>Jbienn nf Pressure on Combustion —M Waktiia has

observed the burning of six stearine candles in tree air and in an
iron case under a pressure of i <».-,

.,; ,,,...,,;,. ,-.->. The'y burned
under this pressure with a flame of 9 to 12 cm. Ion", and gave
much smoke; their luminous pow<

~
the flame

issumed a yellowish-red color. The H«.«.BU, J weight after one
burning was found to be less than in burning i

1 i-r n-Mdi

> of the bi,
has affirmed i

that the difference of pressure in Falkland's experiments (on
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Mont Blanc- and at Ohamouny) was not sufficiently irreat to give
a <l >stin<- diit'erence in consumption of the humine matter. M.
Want! :, further put a candle to burn under an air pump n-ceiver,
with special apertures, ami with increasing rarefaction, the ilame
was seen to enlarge, and its lumu inish. At a
pressure of 90 mm., the greatest rarefaction produced, the lumin-
ous power was quite gone, and the flame, which now assumed
three-fold size, appeared to consist of three parts, an inner bluish-
p'c-en cone with a violet -heath, and a weakly violet mantle.
The diminution of the luminous power in this' case M. Wartha
explains by the fact that under less pressure less oi the products
of combustion are separated in the form of soot.—Xatw>\ xv,

167. E . c. P.

12. Large Induction Coil—Mr. Wm. Sromswooni-; has iiad

t]'' 1 ' largest induction-coil yet made, constructed, for him by Mr.
Apps. This coil, which is capable ..f giving sparks 42 inches'long,
h constructed as follows: It has two primaries, one used for long

1 has a core consisting of a bundle of iron wires_ '032

in. thick, forming a solid cvlinder 44 in. long, and 3-56-5 in. in

diameter. Its weight is 67 lbs. The copper wire of this primary
is t>60 yards long, -om> in. in diameter, has ;l conductivity of *93

and a total resistance of 2-3 ohms. It contains ],344 turns wound
singly in six layers, has a total len-th of 42 in. with an internal

«iameter of :)-'» in. and an external diameter of 4-75 in. The
°tli_<-r primary, which is intended to b is. d with bit ries of less

resistance for short, thick sparks, or for spectroscopes, i- heavier
t! »-;i the other, the core weighing 92 lbs. and the wire 84 lbs.

The latter may be so connected as to be equivalent to a wire

of double or six times tbe cross-section of a single wire. The sec-

ondary coil consists of -jso miles of wire arranged in 341,850
turns, li torms ;1 cvlinder 37T> in. in length. 9-5 internal and
20 inches external diameter. The total resistance is 110,200
ohms. It is wound in four sections, the diameter of the wire m

"0110. The increased section of the <

:l(,'-nmulated chaise tliat portion of the wire has to carry. The

•oved to be smaller than was anticipated.'• q-l.p-d p|

results.'
1 iv> 'sheets of tin-foil 18X8-2oln., separated

' varnished paper, -0055 thick. \\ ltli 5

so nk of >s inches wa- obtained, with 10,

one of :
.

;5 j. 30 one of 37-5, and later, one, of 42 inches.

As these sparks „-,.,-,. obtained without difficulty, it appears not

than -it present a still longer spark might
b, ..:„..,,,

1,,'ion' is'su -h that 70 cells have been used

'iirv. Wit h the 28-inch spark a block of flint-glass

of extreme brilliancy



men-ury break, o-ivin-\ sav 80 sparks i K-v minute, the striae
long enough for their forward • ad '

,' kuard motion to he
reived aim-tly l.y the unassisted ,,ye. The appearance of the s

ckiJ L<-tur< on Force ; bv P. G.
'

ised. London, is to. i

- Tait, as is stated in the preface

only occasional changes; the somewhat familiar wav in whi
the principles are presented, lur.v^ > .. i- 1. no means' a defect

andreadable. Oftlie thin, .•di'tinii ahout m

Energy. The clear and >. - :.
i', Vroiess'nr T;

has developed this most imp., rt.o, ;, . (
i

l(
. i„„.k an inv

uahle one for all who would ». ., i. i , , r with th< pr'nwipl

which the early history of Em-r^v i< di- -[..,,[ from the laws
Newton to the ex- . rim< nts ,,f Jmil, and '

-I lino-. The remainii
six lectures are d-vot.d ;,, H.-.dia.,,,., !,:,„ ,ii„n the >pi

VnaiVMstlu
( Miducii noi Heat, i rhi <tnicirun- . t M itt«

These subjects are treated

coal plants from mere fragments of leaves
*<



detached fruits, must always be unsatisfactory, and
that has been possible to many eminent and laborio

this field. We need however much more than this.

botanist must dig for himself, and spare no labor to

St. Ktienne, which rival those of the South Juggins and North

Sydney in Nova Scotia in their exposure of plants hi *Uu, while

they seem even to excel them in the preservation ol minute

structure. The result is that M. GrandVury affirms with con-

fidence many correlations of parts and structures, heretolore

attested on the evidence of actual observation in the Nova Scotia

sections, but which have been persistently denie«! by some Euro-

pean botanists, because not in harmony with their preconceived

In the strictly botanical part of the work, which extend- to :;4s

quart*, pao-es, with an atlas of thirtv-seven plates. \1. CrandVury
passes in review all the leading genera of c.ial plants, ami mure

especially those which constituted the forest trees oi the period.

W 'e can notice only a few of the more important points on winch

Beginning with the order of iktktnumo!, which b

as belonging to the vascular ( rvpto U ams and near to tin m -<h rn

K.r ;*,f.,.- t ..,. he admits a- true '-vnera C.,l.i;.jt, *. i

?

"

Ainni ,,,-hi, /}/" si r f,s:i}\<\ \-/, , '<>/> /!!"

but contrary to the hastj st t< n cuts w hi. 1 h i\ - < '^ " '
"

; ' :| '•-• Isewhere, that the leaves know n as i>* i'<>rhu t ... >. »<>-

. etc., were those of Calxmi^-. and that ('«

selves are but internal casts o\ < 'nhinm. huivf'i. On '

-d. (xrand'eury brings many new tacts to -how ^i

and Ph.nnl,,-;., as roots of'J,, „,-l.ir<«. V
stems of (Jalinhtis retaining their toot.-

and the structure of these stems, have fo

arecalamit. intern 1_« tsts o> -l m- oi '
'!•>-

m dendra, tin re ai

^'des. >,, a . ,,, torn, stu ,|- ,.r .-lump-, ami :

^crease uf the sediment aruund them, by >.

various heights, he has numerous
mites true leaves, and think.- that their'

m ' were either t

The discussion of
annot be entered it
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;ree-fern with leaves i

1 Acadian Geology, p. 143),

and recognizes one of his French species as i<~

McLeayi of Lesquereux. In the order Lye. >p. >dia

Lepidodendrem a separate family, including the g
(l-un mil Upi'hml 'jos. Thel'atter is an old and natural genus oi

Sternberg, very 'much ignored in England, but which has been

recogniz* i inci ii- I by paleo-botanists in this country. Under
the name P.-« "d .•_,•/;','/,•;.. h<- includes some stems referred by

authors to >7
;

,//' .,'/,
. hut wl ich, on grounds connected with the

nature and arrangement of the lent' scar.-, he very properly asso-

ciates with the Lepidodendra. There can be no doubt that

many cases of this kind exist; though it may be doubted whether

the founding of a genus for them is the best mode of disposing

of sucli doubtful specimens. Knorria and Halonia are recognized

as imperfectly preserved or aberrant Lepidodendrece.
Perhaps the most remark, hie part or' this memoir is the great

development which if gives to the group of ( ivmnosperms. which,

as represented in the Coal formation, ho divides into the orders

of the Shj'dijiruK; o. the ( '<-r<!oni>'e>' and the i'nbnn.nd^jidr>>< (-_"•'

with the uncertain group of -Vocy,'/'rttthh; As !.o the Sigiilaria

family, he merely ventures to divide the ureal genu-- ' '
>'!«

into provisional -ub-genera in the same manner in which this has

been done by others; but he recognizes Syringodendron as a

separate genus. He thinks this last must have had \ cry minute

leaves, and he refers to it, as its roots, certain Stigmarioid organs

which he term- .v /<///. ,,< , <>x, and which dilf. r ii - >me paiticulars

from the true Stlgmaria root. ,,} tin- >;,////./,;,.. As to the true

Shjilhirht, he holds with Brongniait, and with Newberry and

the writer in America, that they are Cymuosperuious.
more precisely, that the true shjdliri.l are of this ran!

some of the species confounded with these by their sit

external markings, may be allied to the L<ir '<h>Jrndr<i. He does

not seem to have met with any specimens that show ihe advanced

structures, approaching to those of the Cycads,* found in some
Nova Scotian specimens, but he considers the structure of the

stem exogenous, and the resemblances which it presents to L>-p>-

d,,d, ,, dron as mere!; i on to a similar habitat,

lie has not found th .
e, but believes that

he has discovered indications of seeds borne on the bases of

leaves, and he is also inclined to accept the circumstantial
evidence adduced bv Dr. Newberrv and' the writer, that the

Tn
:
/-„ towru and similar fruits mav have belonged to some

sp. cic .,-; sh/dl.tfUt.

The elevation of the genus Cordons, hitherto very imp rf. ctlv

known, to the rank of the type of an order is a feature in thi-

memoir. In some parts of America the leaves of these pi;i"' s

occur in excessive abundance, beds of shale being filled with them

* Incorrectly said to resemble Conifers, which is
perhaps from the imperfect way ia which they have b
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layers of coal apparently composed of thei
" 'e way from the Middle Devonian

But thev are invariablv found as .1

ey range all the way from the M:

nd their broad
lerely herbaceo

developed than that of the Psllophytoi
M.<;ra I ,d-e„ry .vve.-es all this. He a<

he impossible here eve
ofthese planl

i Dadoxylon, though in t

are divisible into sevc

•daites, Eu-cordaites, s

been very extensive, and his conclusions deserve careful -

. though one can hardly help so*

united to the ordinary Cordaites plants of mu
The Calamodendra, whose structure was first mad.

C "tta, a, ,1 vv-lii,-h l,. lV< ]. ir , !}
]„.,„, .,, U ,1I illustrated ';.

SulUar here elevated into I'lanuly, which iucludes^tln m
;'.

/;' /">'W and ( ,il <„,,„! ,,,! o//.' agreeing in having an

„rra/„ od,Hd,y,r -<

alternate radiating plates of libers without definite <>

others in radiating series. The leaves of th- -

'•.': ! '<i founded with th-.seo! lefn- r >/ 'it**, and i

ngidandverri-illale. Williamson ha< shown that L'<d>, :

hinueya.u, and a species ,,f V»lkm<mnia\w
<>' in,,,,!,,., V - , and Arthr<>t ,;t> s

Po^to

The concluding plates of the men
" [ rh <- principal arbor, .•out plants of the Coal tor

are all highh sugg .... , m\ of them fully
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age of the coal-seams. There is of course also a large amount of
local detail relating to the French coal-fields.

On the whole, this memoir should be welcomed by all paleon-
tologists. It is undoubtedly most accurate- ami trustworthy as to

- i if the c.. : ,l plant- which ihc author lias been able to

study in their various parts and organs; and in respect to all, it is

most suggestive, and cannot fail to lead to clearer views of the
whole subject. One conclusion which must strike every one, and
on which the writer of this notice has long insisted, is that the
arboreal vegetation of the Coal period must have been much more
varied than has been usually supposed; and that while we have
no doubt been instituting many unnecessary species for mere frag-
ments, we have on the other hand been forcing into unnatural
union very diverse forms, by trusting to merely external charac-

2. Memoirs of the Geological Purvey of Kent.nr/cu. N. 8.

Mi.u.,,,:, Director. Vol. I, 334 pp. 4to. 187m—This first volume
of the Geological Survey of Kentucky, coi*

tain- four Memoirs.
The first is on the Antiquity of the Caverns and Cavern life of

alley, and is by Prof. Shalek. We learn from it that
m the Mississippi valley, while the limestone of the Cincinnati

true caverns, far the larger part, and the
hngest, "ccur in the Subcarboniferous limestone. In Kentucky,
this innest.me has an average thickness of 150 feet and the cav-
erns are exceedingly numerous; the auihor slates that the length
ot the underground channels in this rock accessible to water is

thousands of miles; and he thinks it no overstate-
say that there are at 1

• these channels, the traveler may journey for fifty miles
ny parts of this limestone region in the wet season and
th no running water. In the history of the caverns a

of limestone has often held the streams for a long
n

1 thus a tier of caverns has been made; and then, this

" ii'-' won throuv.li, th< •-, ,; s ha d - < nded and com-

sulted. Prof. Shaler observes that

; ;

ure of these caverns is the existence 6f great " domes"
or wells which often rise in a single sweep from the lowermost to

-r level of the caves
; a nd which are due to a fall in

•;f an underground stream that originated in the early
history of tin cum,,. Often ,

••-,,< .1,
• ,,

, „_ r -1 W-M
I'"-

1 "" t,! " vt-rtieal channel. ! .. and lofty
d m. -. r„ r , of great caverns ah, , u .„,., , _m !,,,[, rommunieat-
ing with one another by the channel- and domes with streams

<ora still pools to high waterfalls and using pebbles for

ons, ai princij t i u nts of these
" '- - -

'

"
^

: •• ,: - :
.

,-.; i!,

,t. Shaler attributes to
us iiaving been forme remains. The great
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profusion of crinoids and the enormous area of the Carbonic* n.us

indicates, he remarks, a wide, warm, and comparatively shallow

ithe jlnlln-can remains being quite large) sea, its waters richly

charged with carbonate of lime.

Prof. Shaler discusses at length the age of the caverns and
states as his conclusion that probably ".while some caverns may
have existed in the Mississippi valley long before the Tertiarv

period, their great development, with the consequent c'

organic life finding its way into ca

The i bird is b v Prof. Shaler and is the first of a series on the

f«>ssil Brachiopods of the Ohio valley. The author, in this paper,

takes up tin \ < r\ impi.rtant questimi ot amount of variation in

some of the more variable -peeies. and presents tables of measure-

ments, iu addition to detailed remarks on the different chura.-t, rs

and the distribution of" the species. For example, w

localities are given, including dimensions as to length ami width

<'f shell, length of liingedine and of muscular impression, width

fore an important <•-'' ot' tlie variation ot

species. The*, variations m uomhrtu >gr. ' i «: <- -•

Thus in the above speei.s tl < prop, tion in h-ngrli to u i
r h ^ ies

from 1 : 1-05 to 1 : l-5o. This article is illustrated by seven plates,

prepared, like other plate- of the volume, bv the autotype process,

which avoids all error of drawing; and it is stated b> '

that he first bedded tin <p.-ciinci - in \\ > t. «and. thereby doing

away with the shadow* which make one of the difficulties in prop
erly taking a photograph for this process.

The fourth u< an and Prof. Shaler. treat,

of the prehistoric remains of Kentucky. It contains a \ cry judi-

('">m discussion of the value of the remains in North Amen -a as a

measure of time, together with other interesting d.- \

mows, which "volume will contain also, a- announced in Me
Preface, tb< m mow: t* the 1

" !; ! >«- Dynamic Geology of Kentucky, 1 y
( :i yern Animals of Keiituekv, by A. S. Pa< kai:k V

.

-\

;^<! others; ,,„;), , , .

, ,, ,.,
| u , | |

„ . 1 baces ot Kentucky by F. \V .

1\ WAM . Cavern Animals, by

The Memoirs published by the Survey on purely scientific sub-



v

states that the Memo
Times at the office of th

3. Report ofa Reeonnaisanee fro>n Carroll, Mo*
on the Upper Missouri to the 'YeJ!nir*t„„ f X<, /;»..,<// P<iri:. -W
return, ,»<<Je in the sum hmr <>f 1h7o; hv Wm. Li'dt.mw. Captain

of Em.rin.vrs. Brevet Lieut. Colonel C.'s. Arm v. Chief Engineer

Department of Dakota. Being Appendix NN of the Annual

Report of the Chief of Engineers for 1876. 142 pp. 8vo. 1876.

—

The report of Colonel Ludlow gives excellent descriptions of the

<>t' Montana and tin- region beyond traversed

by his expedition, with notes also on routes, canons, the geysers

of the Yellowstone Park, ami many other subjects of interest.

The volume also contains a Zoological Repor by Gi .not !>nu>

Grinnell, which is an annotated Catalogue of Mammals and

C .!.._' ..': [{ |. -rt by Messrs. Edward S. Dana and

G. B. Grinnell. The siibj.-eis treated -.fin the ia~t-.m .th-ned

report are the alluvial deposits of the Upper Missouri ; the Creta-

ceous at Carroll and beyond; the Judith Mountains, where were

Wd« of Civta.-eoiK age, and the trachytic "Com- Unite," a c«>ui«-:d

hill, .b.ut 3,400 feet in elevation above the level of the Mi-->uri

River, the average height of the Judith Mountains; the virinity

of the Moccasin Mountains, whose appearance ''indicated that,

like the Judith Mountains, they are largely tra. liyt'm ;

v the

„ of Camp Lewis, where _„„ _

shale, and probably Cretaceous; the west end of the Judith

Mountains, in which limestone bluffs containing Carboniferous

fossils were visited; the region beyond to Camp Baker, passing

over Carboniferous limestone in Musselshell < anon, dipping 50°

to 60° to the south of west, which, through an overturn, was
overlaid by Lower Siluriai

,
and finding the

central portion of the Litth Ih li Mom tains to .-.insist of trachyte;

Camp Baker and beyond toward Fort Ellis, where occurred,

besides the prevailing Miocene beds (containing remains of

On>o<h >n , Rhinoceros, etc.), a limestone of Primordial age, afford-

ing an Obolella, and new species of Trilobites of the genera

Arionellus and Crepicephalvs, along with red shales and quartzyte
of the same age ; tin liridger Mountains, having Cretaceous beds
on the east, next Jurassic (red bands, with Jurassic fossils), and
then Carboniferous limestone at the summit, with older rocks on
the west, having in places a reversed dip ; the geysers of the

The occurrence of a Miocene Lake Basin in the vicinity of

Camp Baker is the subject of an article by the authors in vol. xi

ot this Journal (p. 126). The Cretaceous formation underlaid the

-1. The most prevailing
member was No. 4. of M.-ek and [lavden, or the Fort Pierre
Clays. But besides this, No. 5, or the Fox Hills Group, was
observed at several points, and No. 6, or the Fort Union Group,



Geology and Mineralogy. 229

at the mouth of the Judith Kiver, overlying No. 5, where the
hones of a Hadrosaurus were obtained.

J?H ??
W 8pecies of fossiIs collected are described by R. P.

!. and figured on two plates. The trilobites above
referred to are named by him ('rr^nplKihi* (L»g<in,.Ui'*) M<„,-
tanensis and .:,«" i„n„.< tr;r ,i, irf.itu*. lie also describes the fol-
lowing new species of Jurassic age from the Hridger .Mountains

:

hr;/i>/""> plono-mnvexa, Gerviilia sparsalirota,\Vy«Un<, (<,,>•-

: lso i d< u i
i

,ue of the
Musselshell, P. Ludlovi.

4. 77<e Yellowstone National Park and the Mountain regions
of portions of Idaho, Nevada, Colorado and Vtnh. Described
by Prof. F. V. Haydex, < ^eolo-istdn-charge of the V. S. Govern-
ment Exploring Expeditions to the Yellowstone Valley, and of

Ji

1

/" < •
s

-

,; '-i'-ji.-ul and Geographical Survey of the Territories.

\ t-tii-.i ni..-i;ih..Li-r.-ii»liii- reproductions .if W'ater-eolor
sketches by Thomas Moran, Artist to the Expedition of 1871.

I > in large folio, with text by Prof. Hayden. Boston.
1876. (L. Prang & Co.)—This volume of colored" sketches illus-
t rating some of the most strikiti-j," points in Rocky Mountain
s«vnery, is magnificent in scale and beauriml in execution. Mr.
- 1

,

1 '

1 :
' > w< II known for his fine landscapes; and it is fortunate

r

.

i! -''•' a paint, r has been over the wonderful Yellowstone re-

ins pencil. The colors oi be thought
nit by those who have not visited the region, and per-

e-r two eases the artist has allowed his feelings in that

ing atmosphere to influence in some degree his brush,
out, in other cases, that for example of the scenery along the (anon
of the Yellowstone, as w« understand from one who" has visited

1
• w urs even fal short oi tin r. i it\ s

|
• iking ot

the variety and richness ol tints over the i >cks of 'that regh n and
i n.g. «. ..1. .ii.-l Ludh.w >avs i in the Report noticed

on page 228) : "Throughout this elevated region [the Judith
d more especially beyond in the Yellow-ioiie Park, we

observe the marked depth and clearness of

oring, owing, I presume, to the utter purity of the atmo-
-.». The colors of objects comparatively near by seemed to

Possess an unsurpassed richness and reality; and even on distant
mountains, sewi.t\-h'w ..r eighi .

tints were
en ,.'i and iheii .let ils b <t, tin » exhibited a won-

;»:nvrirv and distinctness, undimmed by the haze and
vagueness which usually obscure such objects." He thus con-

fk tlie ^ e -srr
'l

,t i° ,1< which Dr. Hayden and others have given
oi the strange variety and beauty of coloring that characterize

lie in the

(scapes are the follow-

Hot Springs of Gardiner's River, Yellowstone National

. •• '.rem Bine Spring of the Lower Geyser Basin,
Yellowstone National Park; (3) The Castle Geyser, Upper Gey-
ser Basin

; (4) Lower Yellowstone Range, seen from the Yellow-

the colorin



230 Scientific Intelligence.

stone Park; (5) Yellowstone Lake; (6) Tower Falls and Sulphur
Mountain, Yellowstone Park; (1) Head of Yellowstone Uiver;
(8) The Grand Canon of the Yellowstone; (9) The Towers of
Tower Falls; (10) The Mountain of the Holy Cross, Colorado;
(
lI

>
'"ic Mn., !U i,,, Trail. 1,,.,-kv Mountains of Colorado; iL'i

Summit -i the Sierra NYxada; (13) Great Falls of Snake River.
Idaho; (14) Valley of Babbling Waters, Southern Utah; (15)
lhe Great Salt Lake of Utah. As specimens of chromo-IHi.'-ra-
phy and of artistic effect, the plates are of unusual excellence.

Prof. Hayden, having become familiar with the region of the
Park through his two years of exploration there, and also with
the other parts of the mountains in the course of his repeated ex-

was well fitted to prepare the text for this book of
knrky .Mountain landscapes.

5. Report on the Geological Sarvtaj of Alabama, tor 1876; by
-bUGENE A. Smith, State Geologist, 100 pp. sy,,. Montgomery.
Alabama.—The work during 1-7.; was confined to the valley
known as Roup's Valley and Jones's Valley. The valley occupies

in the southwestern end of the
an region, and has the coal basin of the Warrior on

the west and that of the Cahaba on the east. The anticlinal has
tor the most part the beds sloping regularly outward on the two
sides; but m the southwest extremity the fold has been lapped
together and pushed over toward the northwest, reversing the

- uitheast.
Hie rocks described belong to the Lower and Upper Silurian, the

d by beds of the Clinton _, ,,
-

s „ , \ r . that in
the n0rth is noted for the presenee of beds ot red ienticulai 1'os-

siliferous iron ore. In Alabama the same ore occurs in several
beds, lhe strata in Tennessee const it ute the , > •,v>rone group of
lroi,ssor>aft..rd. Analyses „f .

|
limestones

are given in the Report,
6. Annual'Report of Progress and Results of the TU/V. nsin

S"'""A to, the y,ar 1. 7 ... by T. '(
I

-<>: M,d.„n. Uie.cin. 1^77,-This
repoit con v of the WQrk done and results
Obtained during thereat I-,. I: rate, that - a e„iloc, ion ot

e osslls «aa already been gathered, many of them
nd that this part of the work i> in the hands of R. S.

h*™ * c
• ,"& .

the
.

facts announced we learn that the copper-

runtedlv Zl 1Mlch
T">

™th its U;
'i'-

bed of^rr ,h, -"'5t,ltt ' >»«'•" l-"t o, WiseoHM,,; and in the
bedofNemakagon Kn r, nun, n ,us ma ,-,tiv. copper have

:

far removed from the,
\ ^rfcfacopper region. '

ll ^aLU1o LI1 <tL

other° thin^
g^ne °

•

the geol°g«t8 of the Survey, reports, among

and^a&ctnSr1106
°
f^ qUa"titieS<^,in '*» "^
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7. Report of the State Geologist of New Jersey
3ook, for 1876. 56 pp. 8vo.—This report states that
igulation of the State by the Coast Survev lias bei

uiiii the vear. A large part of the report is o(

relating to the subject of water supplv, e>peciallv

Jersey City, from the Passaic River water-sheti.. Analj

that sixty per cent of the r:

of Goderich, Canada.—V

Way, gravel, and bowlders,

Rock salt; fourth
Marl and dolomite

anhydrite,

From the above section it will l>e seen that from the top of the
marls, which began at 876 feet, we have 641 feet of salt-bearing

strata, including Il>6 feet of soii,l r..«-k -air. and that the base of
t'»e series, that is to say the maijnesian limestone of the Guelph

represented as fonn'me- six beds, but the second and third, and
also the fourth and tii't 1. mi-h; i-aHi Ik- locked upon as forming
bat a single bed m feet of rock. The whole
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top about one foot of colorless and transparent salt, followed by
about lourfeen feet of salt sightly discolored in parts by an

ir, and then by lOf feet of per-
fectly white an.

I
trans],,, < :i ; s ,]t ot sinirul r purity.

*

rielm\ this,
aim -». \t.i tut ot nnk. such ,1s tl nr\ hit uhhtioutl ,,i Mlt,
nearly pure, hut clouded in parts from the presence of a little clay.

In concluding. { ,n,y call attention to some new points in the
geology of this salt deposit. Bv reference to the Geology of
Canada (ls-63) and the geological map. i; will he mm n 'that

h« has, oi tin Corn ium,,. «,, i'ppei \ el-

derberg limestone, which here rests directiv „;.,.,•, a i-

i

J
tw-1 e beds at tl sui mit of the Onoi ra, as this salt-

as been named. The ib.siliiin.us limestone
>trata known as the Lower Heidelberg « l,i,-h i„ N , v. V...-K are

• suit fonaationa.nl the < "omiferous. have
not with the exception of the water-lime, been recognized in
Western Ontario. The upper part of the Dnui,,!,,;, consists

—ante,, and the j,,wer of marls, often with gypsum
beds Analyses ot tluse rocks „11 he found in the Geology of

:». S,mc of them yield excellent hy-
' -• The uhole thickness () r {U \: friua.n.n on the

r is from 200 to :>oo feet, hut it increases greatly to

>wn by our section. These marls, which' are
mixtures ot c a\ v* n .. ., ., , s i; n carbonate of lime, are often yery

"

!i::*!'\!" \'.'\
t!,:

.

u
.

,h ">
,

}l^v. ,
':

),

Vi"-
in

.

coramon

founded them.
r ' ^ W"B waKa

A fact of much interest to the geologist is the

j preva.,, «„
- stones, for about 180 feet, or t

-.29 ieet, abound in corals, chiefly species of F, ostites
[,'!'"" ', ' "' '*

'* lirne.i n From tin ^ hict< it

"l'»t she outer ocean, which at ti

.

« I daring the formation of the
-, <

,

e
f
c

.

ot ciolomite, when it again returned, depositing

mestone. (Geologists
ult of a further study of the organic

•the Whole i

"* this limestone, and

w^rSOon br£ i i

ink
',
n
r

i! " 8haft * ts

Tb. completed in less than two years, and may require
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level of the stratified sand and gravel. The glacial stria- have a
southeast directum. A lower secondary ridge, the last crossed bv
the highway before Ekaterinburg, has many parallel range* <>f

immense bowlders.

—

Nature, Feb. 1.

10. Trilobites.—Mr. G. D. Walcott, of Trenton Falls, New
York, a famous place for Trenton Trilobites, has succeeded in

finding many specimens that illustrate directly, or by sections,
the nature of some of the interior organs of the species. Ik-
has detected in many individuals axial appendages beneath the

aoh segment of the
thorax and pygidium and the three posterior of the head have
;1 pah; 1> ueath the axial processes. Those of the thorax and
pygidium appear to be short cylindrical supports for swimming
appendages or rudimentarv ambulatory organs; and those of the
ll,-a<l present an obscurely jointed structure. In the same species
there are "obliquely incfin. d bars bem tth tin pleural lobes, near
the union with the free pleurae," which he regards as connected
with branchial appendages" In nine of his sections he has counted
43 such appendages. The bars appear to have had a fleshy or

i support. The greatest number of bars seen in position
belonging to one appendage is fourteen ; it is rare to find them in

position. Longitudinal sections at the union of the pleural lobes
and free pleurae show the branchial .appendages as rows of dots,

varying from square to oblong in shape. In Calymeue tenaria
these appendages are essentia Ih tin -ame as in Cer'/unas. Nume-
rous central longitudinal sections of Ceraurus show the mem-
brane covering '

the visceral cavity beneath the axial lobe.

Acidaspis Trentonensis is closely like the Ceraurus in the struc-

ture of its ventral surface.
The ventral surface in Asaphm platycephalus appears to have

been strengthened bv ted the double row of

appendages on each side of the central axis. These are the arches

which were suspected to be legs by Billings.

These notes are from a brief paper by Mr. Walcott, from the
:"'^ Report of the New York State Museum, printed in Septem-
!j" lagt, in advance of its publication.

11. Geology and Paleontology of the Argentine Republic. II.

Paleontologies] part: .ud division, on the Rhetian plants and

mains of the Provinces of La Kioja. San Juan, and Men-
«oza, by Dr. H. B. Geixitz. 16 pp. 4to, with two plates.—The

Xcies here described bv Dr. Geii u an th« ti>h, ^unionotus

ndozaensis Gein., the Grustacean, Estheria Mangaliensis Jones,
a species first described from Mangali of Nagpur in Central India;
1111,1 among the plants there are tin l'Vrn>, Thlm, \ldki cra*d-

-

-

described originally from I. Bon ^^ Eng"
laH Tmniopterls Mareyesiaea Gein.; the Cycad, PterophyUum
A»- Jodk. Sct.—Third Skbies, Vol. XIII, No. 75.-Mabch, 1877.
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12. Miundo «>',• /..< <'<n-<irt;,-t* M7 „,'
r<d,,,, ;,,,,, * ,/ Stratigraph-

inues des Roches dites Plutoniennes de la Belgiqve tt d, F.lr-
detme Frangaise, par MM. Cu. De ta Vallee Poussin et A.
Renard. 264 pp. 4to, with nine plates, six of them
colored figures of thin sections. A detailed account of the rucks
reierred to, based largely on the study of their sections. In the

-t, the authors distinguished cubic
crystals in the liquid filling minute cavities in the quartz, and
proved the crystals to be chloride of sodium or common salt.

13. Xott on tfo ,«-tr h„-alith« of tin <\d>iudd- arid ,.,;,., ,>/,;
'"" l hr " ">-"• <:»hi>, drifts; by J. Lawrkxi k Smith.—The lorality

f'*'

ar -^ 1;l!
'

i "", North Carolina, is now well known, a-
large and fine specimens of Samarskite. It was doubted by some

able by chemical analysis to establish hevond all doubt that it is

a very fine type of this rare mineral (the "cause of the doubt I will
refer to am ,g M ,-. K. s. Dana's conclusion,

•
:i

:
,a » ' - ' '

'i
' - i« racter. In studying tin mineral,

1 toiiii.l a-»ociate«l with it three other columbates— one of them
md two new ones. One is in the

form of a very characteristic mamillary concretion, and contains
sixteen per cent of water. The other is found massive, and abo
in regular octahedrons, of which a few have been found ; it resem-

liifers from it both by its chemical

avity being 4'85. The
eral I saw about eight months ago, in the hands of Mr.

.1. 1 nee Kalston, and then supposed it was new. He had sent a
specimen to Mr. E. S. Dana, who gives some of its characters in

»th his .•ry>tallograpic description of Samarskite, and
refers it with a query to microlite. Since then Mr. Kalston has

- rystals, and I have now made out its nature
thoroughly. Ibe analy>b of it will appear in a b,
paper on the American columbates.

a to the above, I have discovered embedded in the
beautiful crystals of Amazon stone, from Colorado, very small,
perlect crystals of columbite.

14. Bullet;,, „ r f,, /;,.,.,„ In*r,tHt;,., t% J„ liadc« Plain, Boston,

tf."-" ,

N
':

1

;

1 >-,l-''t I. 80 pp. 8vo. 1877,-Among the papers in

'1— are the following by Prof. V. U.

-

kinds of rocks ; o i I . _, ,

lt llve.woods and
tan; on the composition of buck-wheat straw; on the

wW °1 T8^1 leatll " r: ""^ "*" •M-riment. in

Frn
P
t
n
I

Were " 8 of peat in alkalies.

presence of Phosphates and Pot-
'ii thai sewn oranites, all from eastern

^S£%$2£3F t0 W34 p- c - of^^ and °-°58 10
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"Trap" from "Milk Row C

Dune sand, Proi
Sand from bed r

15. Ih>hiht8 on Louq r*Ut,,<1.—'X\\y> loll-oving facts are con

tributeil in a letter to Professor James D. Dana, from Mr. E
Lewis, Jr., of Rio klyn. gi\ in- tin eh vati.m and position of som<

extends with sonic interruptions through a considerable portion o

Long Island, varies from 150 to :;s4feet above tide, and is of greai

great terminal moraine of the ice sheet upon this part of the ocear

border, and afford, a- I 'nave elsewhere shown, data by whicl

recent oscillations of the eons! mav f»e determined.* Indeed, it if

by the presence and position of beds of modified drift upon thest

hills, and along their slopes, that the extent of subsidence sine*

the bowlder drift \w^ h p mm 1 ran I. mil out.

I>r!ll s's'ler'k
- Xe'Vun--

are from measnr m nis made !>\ the writer and" others. In the

immediate vicinity ot some of ;'n- hills „ Ii— height- are given

:i: • . , Jus is given tin

distance of each locality from 'the Citv Hall in Xew York, as laid

down on the Map of Long K.-md. licginnirig at the extreme

eastern end of the island we have:

Hempstead Harbor Hill

iea the height to be 3544. feet above the water level c

* This Journal for March, 1877. Popular Science Monthly, Feb., 187

t From U. S. Coast Survey.

- The
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survey lie states was recorded in the Town Records of Huntington. It is possible

eat mound of unmodified drift is not satisfactorily deter-

3 Measured from half-tide level by Hon. Stephen Tabor, of Roslyn.
4 Heights determined by George B. Brainerd, Esq., Engineer in the Brooklyn

From tin | Groin others of the range, exten-

di
vo views may be had, and the contour of the island throughout

its entire breadth studied to great advantage. A striking feature
observed is the vast, nearly level plain which extends from the
foot of the hills southward to the Great South Bay. At a distance
of from one to two miles from the foot of the hills the following
1 l«'vat.i<.n> ;

' •'- tide were determined by early surveys, for the
Long Maud Railroad. I quote from Prime's History as follows:

1. Bedford, (in the city of Brooklyn), 73 feet.

2. Jamaica, 40 "

3. Mineola, 103 »

4. Hicksville, ".. 142 "

9. Southold, 40 »

The average elevation of the " Plains," so-called, along the line

of the railroad, is therefore about 70 feet. Northward of the hills,

. to the Sound, the surface is uneven, and no general
topographical survey of it has been made. We have, however,
the elevations at several points. Some of these exceed 200 feet,

and an estimate of the general elevation of the surface formerly
made, of from 130 to 150 feet, is not far from correct.

III. Botany and Zoology.

1. Dextrorse and Sinistrorse: Which is right and which is left,

as applied to twining, overlapping in flower-buds, and course of the
liyllotaxis ? There are two opposite ways of regarding

it
: according to one a hop-vine turns to the left, according to

'• ri hi : and authorities and usage are divided.
Lniformity is most desirable, and this seemed to be secured when

dopted by the elder DeCandolle
and followed "by Mohl, Palm, A. Braun," Alph. De(/an do! le.

>-r observers." Still the opposite view is now coming in,

and if it should prevail against such an arrav of authority it must
be because it proves more convenient and sensible in practice.

e Gardeners' Chronicle for January 1=*, last,

ibject was taken up by M. Alph. DeCandolle
(whose judgment would always be much deferred to) at a recent
meeting of the Botanical Society of France. As we have seen no

Gardeners Chronicle. It purports to represent the view and the
reasoning of another excellent botanist, A. Braun-
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"Professor Brnun remarks that the best way to follow in de-
termining the direction of the spiral is to follow the indication of
the object itself. It is the animal or plant which ascends or de-

scends, or goes to the right or the left. Again, in the case of an
• position of an observer is oi no con-eopience. We can

ish'the right and left sides of the animal, not from our
position in relation to it, but according to the conformation ofthe
animal itself. The animal cannot speak to us and tell us which is

his left and which his liolit Hank, but we, speaking animals, arc

able to do so."

That is to say, the animal—or rather the vertebrate animal

—

• ari i : trout and back, has consequently a right side and a left,

nor back, therefore neither right nor left. When we predicate
right or left of a stem, or of a flower had, obviously it is the right
or left of a viewing person. DeCandolle's illustrations concede
this, although that of Braun ignores the distinction. When "in
the case of a river the universal practice is to call the left bank
that to the left hand of an observer supposed to be following the

natural onward course of the stream," this is because it is more
natural to go with the current, and it is the traveler's not the
rivcr*s. right that is designated. So the difference between the
two schools in the case in hand resolves itself im '

which the observer is supposed to occupy. "31. DeCand le."

following Linnaeus, "supposes himself in the center of the coil"
in the case of a twining stem. Bentham an 1 I >unv msiippose

themselves on the outside,

—

a more feasible position, as it seems
to us, and its naturalness is recognized bv the mechanic, who
everywhere regards the common screw as a right handed screw.

and that in , . -,, wards the left of the outside

observer as a left handed screw. If this is the natural way to look

ar ^ screw, whv not the natural way to look at a twisted stem, or

a coiled stem? Wherefore we conclude that this way oi regard-

ing the case, a> practiced bv Bentham and 1 >arwin. is coming into

vogue in spite of Linna an authority, on account of its intrinsic

reasonableness and convenience. A
-

'-

2. A Botanical Necrology of 1876.—The list is headed by the

wngiUBhed name of
.
Adolphk Tiikoim.uk Bkoxoniaut, who died in January. l> <«.*.,

jnst when he had completed the 75th year of bis ag< .

U ^
T "I his . hi .rions began in the war IS-'o. md was mter-

the year 1875 - - ; - in fossil botany,

which were in h unfinished. The

bulletin of the Botanical Society <>f France, under date of Feb.

25
» contains the touehiu' and instructive funeral discourses pro-

nounced by his .
Decaiane, Bureau, Jour-

da »n, Chatiii, and others.
John- Joseph Bknmi'i the associate of Robert Brown in all

the latter part of his life, and his successor as keeper of the Her-
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baria of the British Museum, up to the close of the year 1870, was
bom January 8, 1801, and died Feb. 29, :876. He was one of
the best and most amiable of men, one of the most learned and
the most modest; and his writings, like those of his master, Rob-
ert Brown, have an importance greatly exceeding their number
:ni'l pi-, tension. There is a biographical notice in Trimen's Jour-
nal ol Botany, with a good portrait.
Christian Gottfried Eiirenberg, wbose death, on the 22d of

June at the age of 82, was duly announced in this Journal, must
also be com.; -t-. a-ainst his ear'iv convictions
as respects his life-long work upon the Diatomaceje, and some of
his earliest papers relate to i

;

hat,.n. j.a:i,ic B..t.ni\. iiis larlict
botanical paper hears the date of 1820.

Li-oi-om, Fivkkl, the .Mv<N.]oL'i>t, author of the classical Fungi
Khenam Exsiccati, died at Vienna, May 8, 1876.
Edward Newman, who died, near Loudon, June 12, 1876, at

the age of 75, was better known as a zoologist than as a botanist,
l,ut

1

^ r " '"-' n l,Ji
' mhl '•' ' •'" i-'ii-j; the botanists and amateurs for his

History of British Ferns, which has passed t hrou-h

1841
e °"S

'
and as the

I
,rinciPal editor of the Phytologist, from

Joseph Carson, M.D., long the professor of Materia Mediea in
th " } '"-'-1} -I I'uiMinu

. ti 1 , riiUI ,ia December
30, at the age of 68. He was an active g
earlier years. Later hia directed
to the history of medicinal pi , r <. ,-s., ..-hll- those ,,f' Vmerh-a.
In lore of this kind he had no superior. ,,t i, :M .j„e ti. pn na-
ture death of Hanbury, and in this ountrv he lea-es ,-„ e.pial.

than forty years ago, of which there is now on
and he no longer a resident of Philadelphia. A
l'r. (.arson was ,-, -nt nbute 1 to the Jaimarv numb.
tin of the Torrey Botanical Club, bv its w ..rt

'•

i

the portrait of F. Andre Michaux whh-h has t

a.loine.l Dr. ( t ,s , ,\ .,,. ..
_

,,
, . t. i-i\--l to' ,> '•„,

the on ly likeness of that* 'botanist extant '"
It

while to record, that the writ. >r of the ma-sent n.
sessor of a daguerreotype likeness of tin' v-micer

'-''M' 1 ' 1 '' '"!'
ruke!,"'

WlI.HKLM il

learn, died on the 12th of January last
" '

"

J Mi tht„,
, |v „,„ ,„,,, | , im , \n , (;

,

'"
,

l
'lu '

1,lll
'

:l1 examiuati mis ,,f t )u u fstl-to, tin i

differs essentially in composition from that f ^etgrows, and varies with the sp
"

and phosphoric i
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and seems to live on the tree like a plant on its soil.— Comptes
AV/rA/N. Jan.. 1877; Xnture,, Jan. 25, 288.

4. Observations on Rhizopods.—Ptot Leidy stated that last

July, in the sphagnum -wamps of Tobyhanna, Pocono Mt., Mon-
roe Co., Pa., he noticed an abundance of a Uhizopod which he
thought he had not previously seen, and which he at first sup-

posed to be an undescribed species, but which he now viewed as a

variety of //;/'t/n.y,/i> ni<i ihjafu. From this :is previously de-

scrihed, it differs in the test being of a pale sienna color, and per-

haps of greater thickness, but otherwise is like it. The test is

compressed pyritonn, with the length and breadth nearly or about

e'.pui, and the thickness one-half The lateral orders are ob-

tusely rounded. The mouth is transversely oval. The sarcode is

colorless, and attached to the inside of the test by diverging

threads. The pseudopods are usuallv from two to three. Meas-

urements, -08 mm. long and broad, and -036 thick, with the mouth
"02 broad and -()()8. Others varied from -06 long and '08 broad,

to -092 long by -064 broad.
In observing the Pocono variety of Hyalosphenia ligata, and

the beautiful and well-marked species Hyalo^hen'ci p,i/>>/>'u.ho

detected
i important point

i one or more pseudopods extended

) the margin of which the sarcode is

attached, as well as by diverging threads to \

interior of the test. The interval between the body of the sar-

code and the interior of the test is occupied with water. The
extent of the interval increase- with the increase in number and

with food of the sarcode

lidrawn into the mouth ofbody. When the pseudopods are withdra
the test, the mass of the sarcod* , cpan Is in a corresponding rano,

and the threads of attachment to the in>ide of the test contract

m length. The intervening >placed through

small apertures of the lateral borders and tundus ot the test,

which exist in numbers usually from two to halt a dozen or more

While speaking of Rhizopods, he would ask the attention of

the Academy to some remarks on recent observations on the

habits of several species of Ammba. .

One of the species of V.meba which he had most commonly

^n, he took to be the A,,,<vha n rnn-osa of Ehrenberg with

which the A. nutans of Perty, and the J t,,: >e»la ot ^reef, ap-

many places: in the civvices oi the brick pavement in the yard

attached to his residence, in brick ponds, in the ooze ot the rocky

shores of the S.-hu - -"amps, m marsh
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lines ; the pseudopods rise in short obtuse

s or wave-like ridsres. the summits of which
ortioD of

7 enlarges, and then less slowly collapses. In addition,

the structure, an oval granular nucleus is sometimes

ie fond runt, nts gem rally app nr nut to be abundant,

the creature appears to' he empty of food altogether.^

ster of its food is the same as with other species of

[% not unfrequently feeds on Difflugia

fr< mi Vineland, \. J.. last Augu st, he

'"Ither^liob!;;;;

;

;';

mm a

, ; ::,
.

27, from sonn mud o the

usly in a i m.rly

I

s

:, ., he obtained''adrop of material for

n.-:i'riy moti, ml' X f 1.

,i>uri..» , :

of a

A'it bin a short d: i of it, and

other and im ive Anxeh;

perhaps ll

.1. limax^ by which namm forth.- pre-

dopods projecting from the front broader me!, which was ^ of a

mm. wide. The creature contained a number of spherical food

vacuoles with sienna-colored contents, a large diatome hi

. besid, - s. veral (dear vacuoles, a posterior «•

vesielm and the usu»l granular eutosare. The A. Umax ap-

proach, d and came into contact with the motionless A. verrucosa.

^ \ g to tin i -'lit. it left a long fingerdike pseudupod curved

upp'i half until it m t the tir<t \
- i !,„,.,[. \[\ i » few moments



spherical granular balls, and these <yraduallv became obs,-

apparently diffused among the granular contents of the
"f tiie A. Umax. At one moment the five granular hall;

from the A. verrucosa appeared to he contained in three
and the A. Umax had a more contracted and radiate f

then measured ^ mm. in diameter.
The observation, from the time of the seizure of the j

c
"f"

'"> it>
; _ ,- v anions the granula

of the entosarc of the A. Umax, occupied seven hours.
From naked Amoeba?, the test-protected Rhizopodfl

doubt evolved, and it is a curious sitrht to observe tin

Wed, home and all. to be digested out of their home, ju

contents of diatomes a

; the c

: we might do a piece i

5. Habits <>/ .Fnrm/Wf riffa.—Mr. .McCook, speaking ,,f the
habits of Fomih <i n/fa, -tat', d that the ants d. scendiny. tl e tree-

ith abdomens swollen with honey dew (called by him
-re arrested at the foot of the trees bv workers from

the hdl seeking food. Galleries communi tin- witl tin lull,

t these points, around an ante were

hawiiui or bestowing rations of honey-dew.
^nilar commi^ary stations wore found under the stones near by.

I he replete reared upon her hind legs, and placed her mouth to

the mouth of the pensioner, who assumed the same rampant pos-

ture. Frequently two, sometimes three pensioners were thus led

at once by one replete. Appi—'- <»"> workers em-awd in

bnilding at the hill a
lng places to obtain ordinary
queens, males, and young ants receive
»om the abdomens of repletes. The
the honey-dew complacently, but
^'-'l ] <}' the pensioners. o-.-asion:dlv with -rear vigor.

.
A number of experiments were described leading to the conclu-

•

,d countless inTl-

l}°"* of creature.. I,,-. ,, n e„ hills widely separated always
jiaternized (-,,!,;. ] A number of ants col-

,e("tyd from van
0usly building galh-rie> and cat-in- for the cocoons.

It was found that ants inmn-r* d in water when replaced upon

d galleries had tin
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ing immersed, were themselves in turn assaulted. A number of

experiments were made which indicated that the bath had tempo-
rarily destroyed the peculiar odor or other propi rt \ !>y \ ii<'h the

insects recognized their fellows.

The variety of F. rufi which had colonized in vast numbers on
the cliff w Rockland opposite the >te; nboat landing, as observed
for the last three summers, were found that morning to have
abandoned the place. No trace of them could be seen in the

vicinity. The crowds of human beings who occupied the spot
during the late hit 1 at na! regatta had < hi nt I v 'dispersed the

republic—Proc. Acad. Nat. >'.<•/. Philad., 1876, p. 200.
6. The Rhynchophora of America, north of Mexico ; by Johx

L. LkCon i e. assisted by (jEOncifi I!. Iiou.v. 456 pp. 8vo, constitut-
ing vol. xv (December, 1876) of the Proceedings of the American

I Society.

7. A new Echidna (Tachyglossus) from New Guinea.—The
new species has its rostrum half longVr (the length about 4

inches) than either that of the species from southeastern Australia
<>r that lVoni Tasmania. It is named Ta,-ht/f/l;.ws liri'-'/itH by
Peters and Doria in a paper published at Genoa.—Mature, Jan. 18.

IV. Astronomy.

1. A New Planet; C. H. F. Peters. (From letters of January
--', 1 " 1 L dat( i Livchfi. d Observatorv 4 Hamilton College,
Clinton, N. \'.)_(>n the ! 7th instant, I saw a planet unknown
t" "^ m the position approximately of *>' :U'" 55 s of 11. -S., an<l

+ 17" .""»•_> ;' Dccl.
; bur th • weather thickened so that an accurate

p;-iti..n could not be obtained before hist night, when at ten

"(•lockrh, stranger was in 8 :io 2(r of It. A., and +1 7 42 Deck
' us having not vet been fullv completed). Hence

th'.; motion was in four days 4 ' 35 3 and -11'. The magnitude I

estinias.
1 rh. Iti (Letter r Jan. 22.)

From LeVerrier"> //,/// >;.., / . t . ,....<.:,,., ,j ,,f Jam iar\ 12. just

received, I see that the planet I gave you notice of on the ^'l

had already been found at Toulouse, on January 10.

But through neglect somewhere, the usual notification by tele-

graph,—as has been customary between European and American

But th

pV

opany has made a liberal concession —has
I^!^6™ during recent years, and for which the Atlantic Cable

(Letter of January !

„nd Publications of the U. S. Nav«i O/^erra-
' \dmird(. [L DuknI . .-i.,r. mh nt. W *h\,JL<>"<

i»45-18/6. Published by authority of the Hon. Secretary of the
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Navy. 44 pp. 4to, with six plates.—After a brief account of the
founding of the < >bservatorv, its library, and its position, the
several instruments are described, the Mural circle and Transit in-

strument mounted in 1844, the Prime Vertical Transit Instrument
and 9-6 inch Equatorial mounted in 1845, the Transit circle

» ' " ' ! iii !M3o, and the 20-inch Equatorial mounted in 1-7:;,

and to the descriptions are added heliotype representations of

^
'i Xote of the recent fall of three Meteoric Stones, in Indiana,

j.'is.p.uri, and Kenturhi/ ; by J. Lawrence Smith, Louisville,
h.v. (Communicated.)—Three meteorites were seen to fall inside
of a comparatively small region of the United States within the
space of about one month. These falls were accompanied by some
ii<teiv*iiiig phenomena, and in the case of the fall of the twenty-
tirst of December, the appearance of the bolide from which it came
was truly magnificent, and was seen over a large tract of country,
from west to east. My object at the present time is simply to

announce these tails, reserving for a future communication fuller

details, when I have completed their chemical and rnineralngical

! -. 1 will then call attention to an interesting aerobtic
belt in this country, in which a veiy large number of meteorites
have fallen during the past sixteen years.
No. 1, fell on December twenty-first, 1876, at 8\ 40ra

, p. m. This

bolide was Been to pass over the States of Kansas,
-Ui-><uri, Illinois, Indiana and Ohio—a distance from east to west

passage, produ i_ i
1 l it - ising each < thet

across the sky, the number beinir variously estimated from twenty
'""'»' hundred." The passage of it is described in this Journal
for February, 1877. A piece from this bolide, of a fev ounces in

' en found neaj Ro »
tude 41 ° 8 ',

36° 12', and I have received a portion of it for examina-

No. 2. On January third, 1877, at sunrise, in Warren County,
Missouri, latitude :>- 4

;,o', longitude 01° In', the usual phenomena

i - the falls of meteorites attracted thr " +t "

...„„, who saw the stone strike the branch of a tree,

(whn-h it broke), then fall to the ground, penetrating it slightly,

"" -oltiug the snow that lay on u< frozen surface
T *

mediately after, and a portio ; has been s<

ntv-third. 1877, in the afte

the depth of thirteen

1 near the spot where

weisrhs about fifteen
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V. Miscellaneous Scientific Intelligence.
1. Topographical Survey of the State of New York.—As

announced in a former volume of this Journal, this survey was

I'!'
1

!

1 " 1
"'"

! 1:iS
|

year, under Mr. .James T. Gardner as Director.
This event, which had been recommended by the Geographical
Society of New York, appeared to be a promise thai topogra] li

cal surveys were now to be carried
would soon put the nation on a level <

maps, and in it. knowledge of its own industrial :..
the recent recommendation of the Governor of New York threatens
a stop to the work, and a still longer continuance of faulty maps,
uncertain lines of roads and boundaries, unknown water-privileges
ii'id drainage areas and trener iorance. A

n favor of the survey has lieen addressed to the leo-isla-

,,ln
' '»>' "" NVu ">

, and the Faculties of
Columbia Colle-e. tlie iVIv technic Institute of Troy, and other
mammons, and the editors of this Journal hereby send their
petition to the same effect.

2. Tour of the Great Lakes: Summer School of Natural His-
-sor 1. I). Coinstoek .,f Cornell l/nnersity, proposes

it sufficient encouragement be given prior to Mav 1," to charter
for a period of four to six weeks, and start, from Buffalo

rad, about July 5th, on a tour along the shores of Lakes
£ne, Huron and Superior, and possibly also Lake Michigan.
Competent instructors in geology and botany are to be engaged,
and lectures from specialists are promised, the prospect is states

1 not exceed $125 for thirty days and $3.50
l"r <mHi a hhtional day. The trip will be limit- 1 u, thirtv davs
unless a majority vote of the pupils decides otherwise.

3. Element* of Phys, s\ \ • ,' J-,, , ; by Neil
Ai
^"7;- M ';.. kl-.l)., F.R.S. Seventh edition. Edited by Alex-

ander Bain, LL.D., and Alfred Swaine Tavlor M.I).. F.R.S. 873
P
J.\.

8vo
- ^ew York, 1877. (D. Appleton & Co.)—The first

itol
0n

°/ the " Elements of P^yffl appeared in

fiV? W1
m m f°Ur years from

*

ri iitions were

fir •

e author himself died in March, 1874, but his work
still lives, with the same popularity which it had on its first appear-

r^' lt8
,.^ i in its clearness of style and

munessofdlustration^ Each new principle is enforced bV many

wSlTP ^hlch reraove ^e difficulties that the student

lUtedinadryfoi^
-ntlyinter-

TavwT^ Un
J
de

-

r the edit0r8hiP °f ^-r l-in and IT.
new edition of the work is made to include the

« hi the science.

J
• " Mi i : Bulletin.—This bulletin, the official

^
American Metric Bureau," is issued in Boston,
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In December, a report was published by the Boston Society of
Civil Engineers, from u the Standing Committee on the Metric
System of Weights and Measures," urging the general adoption
m the system and giving various facts indicating the great prog-
ress which has been made in the country toward that end.

It is expected that the metric system of weights will soon be
exclusively used in the Post Office Department of the country;
and hoped that it may be introduced into the Custom House, as
has been urged for some time by the American Metrological
Society. These are the best first steps in the change ; and when
once carried out, and teachers do their duty in common schools,
the change may become general. Compulsory for the people at
large it cannot be at present.

5. Illinois Museum of Natural History. Bulletin No. 1. 76

pp. 8yo.—This first f'.uiletin, devoted to the Natural History of
Illinois, contains the following papers: A list ot' Illinois Crustacea,
by S. A. Forbes; The tree in Winter, by F. Brendel; Sodic
Pinate as a test for lime, by J. A. Sewall ;"

partial catalogue of
}'<" fish s ut Illinois, by K. "W, Xflsun: on paiasitie Fungi, by
f. J. Unit-ill; list of the Orthoptera of Illinois, by Cyrus Thomas.

6. Huronian rocks of the Lake Superior region described by
Major Brooks.—Thin sections of these rocks, for microscopic ex-

, are prepared by R. Fuess, of Berlin, and may be
' a small price. The collection contains thirty sections.

7. Third Annual I\>

,

no »cr of Agricidture of
the State of Georgia, for 1876.—Besides various farts ..M..,-al

importance, this report gives analyses of marls from different

beds, and ah* . P. H. Mell, chemist.

8. The A. fsical Forces; by Amedee Guil-
lemin-. Translated from the French by Mrs. Norman Lockyer,
and edited, with additions, and notes, by J. Norman Lockyer,
*-K.S. 742 pp. Roy. 8vo, with colored plates and illustrations.

London, is:;. (Maemillan A: ( o.)—This work on physics with

8, is an example of science well

simplified and popularized. The editorship of Mr. Lockyer is a

sufficient wa: e is good The Btyle of publica-

tion is seldom equalled for beauty in scientific works, the typo-

graphy, paper, and \, - hi-ingth. U-t that

art can accomplish. It treats, urn I

he la
^

s of

weight," of levels, pendulums, bal w6* ™u?'
tarns, pumps, fire-engines, atmospheric railways, compressed-air
' l« >>- ,' .,- .. i,.; and ^iuiihu "ks t

under applications of the phenomena and laws of sound, of lignt^

'eat, of magnetism and electricity. Under heat, the

warming i8 first' treated historically and practically ; then practi-

t points arising from the co '
,urmng gla5?es >

artificial prq.ai\" + ">" •

navigation, the i

uot-air and gas-engines. The work, therefore, is not only attrac-

tive in apnea \i value.



-

:•

Captain Abney. H 1 F.R.S.: K (\E. London
'

'•
'

Manchester Science Lectures for the I
'<

> by Professor Roscoe, F.R.S. London and New York. 1876. (Mac-

Rear Admiral Charles Henry Davis died on the eighteenth
of February, :it the :i»'c of seventy vears, having heel/ born in

Boston, January |.;, lso?. Admiral Davis was Superintendent of
the Naval Observatory at Washington at the time of Li- «

1859, the foundation of which was directly owin
From 1842 to 1840 he was an Assistant in the Co
one result of his labors, of great value to navigation, was the dis-

covery of the "New South" Shoal" in the track of ve,
from New York to Europe; and another was the publication of
a "Memoir upon the Geological action of the tidal and other cur-
rents of the ocean, and the Law of deposit of the Hood tide," pre-

nade a special study along the Atlantic coast

- ot tidal action. He was tin- author also of several
le articles on astronomy and geodesy, and published in 1858 a

1

' i Motus Corporum Coelestium."
lkes died on the eighth «>!' ! Vb-

t lie seventy-seventh year of his age. Admiral Wilkes,
u >' " :: ' "pt: in, < mmamh d tin i m. <d N at - i . ..oh -r'n <_ Lxpuli-

- vears L- ;8 to !
»_' and pub-

-•

'

-
.

:
.,: .

-;
" f ''" '*

i i:n \ of .-oral islands), and a

ie. He was a bold, daring explorer, a man
'-•I strong will and great energy, sure to accomplish whatever he
undertook His sailing up Port Jackson, the port of Sydney,

v
-\ ah-, an intricate narrow bay, seven miles in length,
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Art. XXVI.—Note on the Sensation of Color; by C. S. Peirce.

It may, perhaps, be worth while to notice a few consequences
of three theories concerning color which are usually regarded
with some favor.

First hypothesis.—The appearance of every mixture of lights
depends solely on the appearances of the constituents, without

a of their physical constitution. This I believe is

established.

tecond hypothesis.—Every sensation of light is compounded
of not more than three independent sensations, which do not
influence one another. This is Young's theory. It follows
that, if we denote the i

\ji and k, every sensation of light may be represented by
an expression of the form,

Xi+Yj+Zk.
Third hypothesis.—The intensitv of a sensation is propor-

tional to the logarithm of the strength of the excitation, the
barely perceptible excitation being taken of unit strength,

^egative logarithms are to be taken as zero. This is Fechner's

Jaw. It is known to be approximately and only approximately
true, for the sensation of light. From this it follows that, if

x
\ V, 2 be the relative proportions of a mixture of three lights

giving the elementary sensations i, j, k, the sensation produced

I logx.i+J logyJ+K log*.*,

*here I, J, K
, are three constants.

*rom these principles, it follows that if a light giving any
sensation such as that just written have its intensity increased
ln my ratio r, the resulting sensation will be,
**- Jodb. 8ci.—Third Sbbies, Vol. XIII, No. 76.—Apbil, 1877.
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I log rx . i+J log ry .j+K log rz .k=
Iloga;.*+Jlogy.^+K log z.k+logr(Ii+Jj-\-Kk).

Thus, the result of increasing the brilliancy of any ligl

be to add to the sensation a variable amount of a constant sen-

sation, li+Jj+Kk And all very bright light will tend toward
the same color, which may therefore be called i\\e color oj fa ighb

ness. Moreover, if the three primary colors be mixed in the

proportions which each by itself is fust perceptible, the sensa

tion produced will be

log r (li+Jj+Kk),
and can only differ by more or less.

Now I find, in fact, that all colors are yellower when
brighter. If two contiguous rectangular spaces, illuminated
with the same homogeneous light, uniformly over each, but
unequally in the two, they will appear of different colors.

If both are red the brighter will appear scarlet ;
" green " " yellowish;
" blue " " greenish;
" violet " "

blue.

If we have the means of varying the wave-length of the light

which illuminates the fainter rectangle, we can improve the

match between the two, by bringing the fainter toward the

yellow. Such motions will converge toward a certain point
of the spectrum which they will never cross,—a poii
more refrangible than D and having a wave length of 582-KT 6

mm., according to Angstrom's map. If both rectangles be
illuminated with this light, the fainter appears white or even
violet, but if it be varied in wave-length with a view of im-

proving the match, it will be found to return to the same point

with the utmost precision.

It appears, therefore, that, if our hypotheses are correct, the

color log r {li+Jj+Kk) is like that of the spectrum at A =582,
it contains less blue or violet and is consequently of

greater chromatic intensity.

It further follows from Fechner's law that, if any light be
gradually reduced in brightness, one element of the sensa-

disappear after another; and that when ve>
will exhibit only one primary color, which is the one which
it contains m greatest proportion relatively to the propor-
tion m the light which has the color of brightness. Now,
although this does not seem to be exactly the case, yet we do
get some approximation to it It is true' that any light what-
ever, when sufficiently faint, appears white, owing to the self-

lummosity of the retina. We cannot, therefore, unfortunately,

5!!*!
1

?**?
the Primary^olors by reducing the light of three

""
Lt we may, as has often been sug-
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gested, make use of the principles of contrast. If any red spectral
light be sufficiently reduced, it will perfectly match any less
refrangible light. We may, therefore, say that a faint spectral
red m contrast with a bright light of the same kind, excites with
approximate purity one of the elementary sensations. The same
thing is true of the violet; and therefore a rich violet may be
taken as another primary color. In my book entitled Photo-
metric Researches, the printing of which is nearly complete,
I Bhow reason to think that the pure green has a wave length
intermediate between E and b. A faint green of this sort con-
trasted with a bright one appears as a verv bluish green, and
this may therefore be supposed to be the third primary color.
We have seen that it results from the theory that an increase

m the brilliancy of any light adds to the sensation nothing of
the peculiar color of that light, but only a certain amount of
the color of brightness. If this be the fact, then the photometric

of the eye should be the same for all colors. In
order to ascertain whether this is so or not, I have made a series
of determinations of my photometric probable error. Each de-

ii was based on twenty-eight comparisons of two parts
of the same colored disk. Since there were two unknown quan-
tities, namely, the relative brightness of the two surfaces com-
pared, and an instrumental constant, it follows that only twenty-
six observations were effective for determining the 'probable
error. Let R be my photometric probable error of a single
comparison. Then the probable error of a single determination

of R (which we may denote by r) would be -^gXR, or say

tVR. Having made a considerable number of such determina-
tions of R, with different colored disks, let us ascertain their
probable error from their discrepancies, considering them as so

pendent observations of the same unknown quantity,
and denote this probable error bv r'. If, then, R really is the
same for all colors, we should have

waere m is the number of sets of experiments diminished by 1.

*J
on the other hand, R varies with the different colors, and

accidentally, /'should have a larger value. The
lollowing are the values I obtained for R, the sum of the bright-
Qess of the two surfaces compared being taken as unity.
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Feb. 6. White -0041 +-0001
Red, just before C -0046 +'0006
Chrome-yellow, A 2 -0032 - -0008

Feb. 1. Red, just before C -0040 ±'0000
Staat's emerald green -0046 +-0006
Carmine, B -0044 +-0004
Chrome-yellow, A 1 -0037 — "0003

Purple, Hoffmann's violet RRR.. -0033 - -0007
Feb. 13. Red, just before C -0048 +-0008

Green, complementary to carmine "0034 — -0006

Blue violet, No. 2. . -0048 -+--0008

Yellow, A 1, mixed with black .. -0032 - -0008

Mean "0040

,
the method of observing was chang

and I obtain

Feb. 14. White window-shade, ill. by sun . -0030 —
Brown -oo30 -
Greenish sky-blue -omi -p

"""h purple -0028 —

'

•0032 db

fery reddish purple
iTellow orange

Feb. 15. "Fundamental green of M tiller".

Vermilion, half between C and D
Violet

Yellow .""

0030 --0002

±•0000
+ •0002

= •00032, r'=-00019, —=0'6

and from the weighted mean, -= -96, so that it appears from

these experiments that the photometric susceptibility of the eye
is the same for all colors. The result is, however, uncertain,
because it may be that R is chiefly due to other sources of error
than the limitation of sensibility

; still, the experiments show as
small a value of R as is usually obtained. I shall endeavor,
by further observations, to obtain a conclusive result.A further consequence of our hypotheses will be reached by
aiflerentiatmg the expression for a light-sensation. We have

d(Iloga; .t+Jlog2/ .iH-Klog2 .A;)=ida;.K-f.idy.Ji+^.K^.

Now, as x, y and z all exceed unity, the differential is greater the
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the variation of the
i primary colors with a variation of postion in

the normal spectrum is uniform,* it follows that the change of
*

color of the normal spectrum should be most rapid about A=582,
as it of course is. It is also obvious that if the total quantities

of the three colors sue nearly the same in different parts of the
spectrum (I here refer to these colors not as really objective,

hut as measured in the usual objective way) then the part about
A=582 must be the brightest, another familiar fact.

I may observe that there is a modification of our formula for

a sensation of light, which probably better represents the rela-

tions of the sensations. Writing, in the first place,

i=zli \=Jj k=K*
the formula is

log x . i-f-log y . \ -hlog z . k.

This loses its validity when any of the logarithms become neg-

ative. If 2 is the smallest of the three quantities, we may sub-

stitute

X=- Y=^
and the formula becomes

log X.i+log Y.j-f-logs(i+j4 k).

When x or y is smallest there will be two other formulas.

Now, as the variation in the brilliancy of the light affects only
the last term of the last formula, and not the first two depend-
ing on X ami Y, it is more than probable that the eye is habit-

uated to separating the element of sensation which this last

term represents, and which is continually changing its values,

from the rest which remains constant. It is, therefore, likely

-

wofef, the red, or the green, is contained in the smallest propor-

tion, is one which has a relation to the natural powers of
' "'crimination.

My observations have been made with
which I am indebted to the liberality of the trustees of the

tfache Fund. I shall describe it on the occasion of }
some work of a more serious character. The colored disks

made use of were very kindly lent me bv Professor Eood.

* I will show this in a note in the next number of this Journal.



Art. XXVII.—Xote on the Binocular phenomena observed by
Professor Nipher • by Joseph LeConte.

The striking phenomenon described by Prof. Nipher, in the
January number of this Journal, was described by Prof. W. B.
Eogers, at the Newport meeting of the American Assoc -ti.ui.

1860, and may be found recorded in the 14th vol. of Pr
p. 197. It is only one of innumerable phenomena which are
all explicable on the same general principles. The principles
involved have been so fully set forth in several of a
ou binoen, m iy

?
"On a new method of

representing visual phenomena," and VlV'On so-call.
of illusion,"* that it is unnecessary to do more than briefly
recall them here.

_
1. The field of view may be regarded as an outward projec-

tion of retinal states. As each eye has its own retina crowded
with its own retinal images, so also each eve must have its own
held of view and its own external images." There are therefore

for every object. These may be united, so
as to see the object single; or may be separated, so as to pro-
duce the phenomenon of double images. Moreover, the external
images of different objects may also be brought together and
superposed at will. In all discussions of binocular phenomena,
therefore, \\ _;UT t}lut we speak not of objects
but of external images, the signs of objects.

,
2

-
In bi ith the optic axes parallel, as in

looking at a distant object, the whole visual field wil
external images or objects is shifted by the right eye a half
interocular distance to the left and by the left eye the same
distance to the right ; so that the two visual lines are brought
together in the middle, and combine to form a common median
visual line, and the images of all objects in these lines are
bought together and superposed. This is the necessary result
ot the law of corresponding points. Retinal images of" all ob-
jects in the visual lines fall on corresponding points, viz: the
central spots; their external images are therefore thrown to the
same place in space and are therefore superposed.

JNow in the experiment of Prof. Nipher, the visual line of
tne right eye passes through the axis of the tube and pierces

wi,;i
Cer

!l
er

' k' area of the object regarded,
while the visual lme of the left eye pierces the left hand or

abon frt °U °f
heT °bjeCt Placed befo, -

e '* * a P°in* distant

TWf ?£
(an mterocular sPace) from the axis of the tube.

eve ™h ^
°enter °f the Circular area reSarded b ^ the riShteye, and the spot on the hand or paper sheet pierced by the
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left visual line, by the law stated above, are brought together

and superposed.

One thing more to complete the explanation. The impres-

sion on ther'mii: rw [...-vail-over that of the left—the impression

of the circular area obliterate* that of the corresponding spot

on the hand or paper sheet, for two reasons ; first, because the

circular are; . ated from the rest of the right

eye field of view (the dark interior of the tube) while the cor-

responding spot on the left-eye field is not thus differentiated

;

and second, because both eyes are focally adjusted for the dis-

tance of the object seen by "the right eye only. Thus it comes

to pass, that the right eye sees only -'-' 1-est of its

field being very dark : while the left eye sees all its field

except the' spot covered 1 \ the circular area. Cut if an ink

spot be placed on the hand or paper sheet just where the

visual line pierces, then the first cause mentioned above will be

removed and the strongly differentiated ink spot will be seen

Berkeley, Cal., Feb. 7, 1877.

Art. XXVIIL—Bevi on of the genu Belemnocrinus, and de-

scription of two n?w species; by Charles Wachsmuth and

Frank Springer.

In 1862, Dr. C. A. White described a type of Crinoids from

the Burlington limestone of Iowa under the generic name Be-

!<-< -rinus, ot which he had discovered or.

£ typm. The description, with a figure, was published in the

tv of Natural History, vol. ix, p.

13. Messrs. Meek an. : 1 *>rt of
f
he Geological

Sun .

. I ,. ,. .
. iii. p 463, described another species, B

-

."'',"
parative Zoology at Harvard College, No. 8, p. 29 has made

some interesting observations uP
to the recent genus /;

;
the opin-

ion that BelJinocrin* ^PPos
f,

d
'

five small ^wl?
- ,-xhibiting :

ark,-d

A careful examination of some recently acquired specmens
'"

<«-emis ineludiu" two now species man excellent state
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the structure of this interesting type of fossils, and it enables us

to confirm the opinion of Count Pourtales, thereby rendering a

revision of the generic formula and description appropriate and

necessary.

A specimen of B. Pourtalesi, W. & S., has been deprived of

the column, and the lower part of the cup is somewhat

crushed, in such a manner that two of the long plates are sep-

arated along their entire length, exhibiting the sutures to the

central perforation which leads into the column. The lower

extremities of these plates are excavated, forming a concavity

for the insertion of the pentagonal column, the marks of its

attachment in a pentagonal outline are plainly visible, thus

proving beyond the slightest doubt that these long plates rested

directly upon the column, and formed with the first radials, the

cup which encloses the visceral cavity. From these facts it

follows that the long pieces, which were considered to be sub-

In- the author of the genus and by Messrs. Meek
and Worthen i'n their description of B. Whitei, must now be

ted as basal plates.

Additional light has been thrown upon the construction of

other parts in this genus ; every one of the four known species

is furnished with a strong proboscis, inflated toward the top,

and resting upon the single large anal plate which is a part of

the wall of the cup. The exact structure of the summit of the

calyx has not as yet been made out, but the comparatively
massive character of the plates which compose the proboscis,

as well as the size of that organ, render it altogether probable,

that it was supported by a solid dome.
The arms, as observed in three of the lour known species, are

ten in number. They are provided with long, comparatively
heav\ pinnules originating <n\ the louget maruins of large,

wedge-form j .int.*. which alternate with other joints of quad-

rangular outline, thus giving two rows of pinnules, alternately

arranged, to each arm. In "both ot our new species these pin-

nules are simple; while those of B. typxs are furnished with*

secondare pinnules, which are alternately arranged as the pri-

mary pinnules The arms of tlii- u.'im- t-.-ar in proportions

and general aspect some resemblance to those of For
but they are in fact widely different. In Poteriocrinus, the

arms divide upon a bifurcating plate or joint, into equal branches,
which rest upon the upp. r . t thi> joint ; while in Belemno-
crinus the branches are true pinnules," and not armlets, they
spring from the long latteral margin ot tin sy/vtdal joint, not

from its upper sider We have in our possession a specimen
which in general aspect somewhat resembles Belem»»-

I basal plates form here a cylinder appare
almost precisely similar to that of B\ typus, and as the upper
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portion of the calyx is somewhat distorted by pressure, it was
at first supposed to be a Belernnocrinvs. Upon removing the
calyx from'the surrounding matrix and arranging the plates in

their natural position, it was found to possess a series of large

Bub»radials resting upon the basals, the anal plates arranged as in

faeriocrinus, thus exhibiting a fundamental difference from
rinus. Careful examination of the interior part of the

cylinder formed by the basal plates, showed that they are thin
and enclosed a comparatively large cavity, reaching nearly to

the bottom of the cup, thus proving in 'a highly satisfactory

manner the value of the peculiar characters of Belemnocrinns.

We are unable to agree with Dr. White in referring this

genus to the Cyathocrimdce, as it does not possess the general

appearance of that group, nor does it agree in the generic for-

mula as herein given. The slender ovoid or cylindrical base,

the long yolid basal plates, the shallow cavity in their upper
part, and the comparatively small size of the visceral cavity -lire

features which remove Bekmnocn'mi*-far from Ct/uthocronts, or

any of its allied genera. These characters show its affinities

rather with the Jurassic genus Apiocrinus, to which in the con-

struction of the calyx and inner cavity, it is more similar and
seems to bear a closer relation, than to any other known group.

The resemblance to the recent genus R/tizorrin!>*\ pointed out
by Count Pourtales, is very close and interesting, even more so

than he perceived, since we cannot agree with him thai the first

radials are movable in Belemnocrinvs. On the contrary we find

them to be closely joined with each other and with the anal

plate by exact sutures, the anal plate being in line with them,

forming the cup, and supporting upon its upper face the heavy

proboscis. The succeeding radials have spaces between the

rays, showing them to have been free. The most important

difference, and indeed the only essential distinction between

these genera in their external structure is found m the solid

1"'' 'h eeis and covered dome of Belemnocrinus.

As a result of the foregoing observations we give now the

following revised

Generic Formula.

, Basal plates, five; long, narrow, forming an ovoid to cylin-

drical cup, which is nearly solid, having a small central perfo-

ration, and a shallow subcorneal excavation at its upper end,

which forms a part of the visceral cavity.

Radial plates, four to five X 5 ; the first series with the anal

Plate joined at the sutures and composing a part of the cup;

the succeeding radials free. . ,

1
Anal plate, one ; supporting a rather long, comparatively

large proboscia Dome covered by solid plates, arrangement
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unknown. Arms, ten so far as observed. Pinnules long and

strong. Column pentagonal.

As yet found only in the Upper and Lower 'Burlington

limestone.

The following species, new to science, have been discovered

by us:

Belemnocrinusflorifer, n. sp.

Smaller than B. typus. Column comparatively large, com-

posed alternately of large and small joints, the smaller of which

are nearly regular pentagons, and the larger pentagonal in out-

line, arched at the angles, notched in the middle of the sides

making the column in general disl crenulated

transversely, with a 3 I longitudinal furrow

along the middle of each side. To the sixth and eighth large

joint from the base, are attached radicular cirrhi which
in the depressions or notches on each of the five sides of the

joint. Traces of other sets of cirrhi are visible lower down on

the column. They are all arranged precisely as those of Penta-

criim.s Gipnt-M^hjsie, to the column of which this is in aspect

strikingly similar. The cirrhi are long, slender, tapering to the

tips, with joints longer than wide, and they increase in size as

they approach the root.

The calyx is comparatively low, about two thirds as wide as

high, ovoid below, turbinate and rapidly expanding above, con-

stricted about the middle, with a deep transverse suture. The
five basal plates are smooth, about three fourths as wide as high,

slightly widest near the top, forming the ovoid portion of the

calyx, gently expanding from the column outward and upward.

They are constricted and abruptly truncated at the summit and

appear as a heavy band around the lower part of a second cup
which seems to rest in this one. The first radials are lar

than one half the size of the basals, a little higher than wide ;

outer surface strongly arched, curving rapidly inward at their

junction with each other, thus forming deep vertical sutures.

Th< v c> mpose. .vith th anal plate, a cup of conical shape whose
Bides are crenulated or scalloped by the arching of the plates and
the depression of the s

torn is considerably le

in which, rather than upon which, i

lie in a line with the sutures of the basals and rest apparently
upon the inner edges of the upper faces of these plates. The
upper portion of this conical cup in turn projects outward in a

rim or band enclosing the arm bases, the arms seeming to pro-

ceed from the inside, the calyx and arms thus piv..s« -utiug the

appearance of a bouquet of flow.
J turn rests in an egg-shaped cup truncated i
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thus suggesting the specific name. The upper faces of the first

radials are truncated, and upon their inner edges rest the free

radials which are four in number, about one-fourth the size of

the first radials, a little wider than high and of uniform dimen-
sions up to the arms. The plates of this series are rounded,
strongly constricted, transversely in the middle, expanding at

their upper faces, producing a rim which envelopes the lower
part of each succeeding piece, this rim or wrinkle being rather

thicker and more prominent at the lateral margins. The
fourth free radial is pentagonal in form, the two upper faces

forming an obtuse angle and supporting the arms which are

simple throughout their entire length, thus giving two anus to

each ray or ten to the species. Arms comparatively very long,

rounded, tapering very gradually to the tips, composed of joints

which are constricted' in the middle, marked by strong lateral

wrinkles, thickened at the upper margin to embrace the suc-

ceeding joints just as in the free radials. In the lower part of

the arms, apparently every third joint, is a syzygium, wedge-
form in shape, with quadrangular joints between ; while in the

upper part 1 nately wedge-form, and to the

longer margins of these joints the pinnules are attached. These

>ints are strong, prominent, and give to the arms an

obtusely zigzag appearance. Pinnules simple, rather heavy,

very long, directed upward, lying closely along the arms, com-

posed of rectangular joints twice as long as wide, and of nearly

equal size throughout their length. Anal plate, rather large,

dine, its upper face in a line with the top of

the first radials. From the inner part of the upper truncate

face of this plate proceeds a proboscis, in height equal to three-

fourths the length of the arms. The lower part is composed of

large plates bo the free radiaU

ftg upon the upper truncate face

of the preceding one. Proboscis the uPPf
part composed of small nodose plates irregularly arranged,

while its summit is surmounted by a set of prominent spines

whose arrangement cannot be exactly determined.

The entire surface, with the exception of the basal plates,

(even the pinnules) is covered by strong wrinkles which pro-

duce a peculiar earinated style of ornamentation.

This species is so well marked, and so unlike any other de-

scribed form, that it may be ' Sreatest

ease. It differs from B.typus and R "";;';
<' m its shorter

aehmentof the first radials to the basals. In botn

these species, the suture between * V

^flul
lata form a continuation of he

cylindrical basal portion, while in our species the depth of the
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re, the beveling and constricting of the upper

edges of the basals, gives to the basal portion the appearance

of enclosing the cup which is formed by the radials. It differs

from those species also in the highly arched surface of the first

radials and the deep sutures between them, which give to the

upper part of the cup its crenulated aspect. Also in the cari-

nated surface. From B. typus, it further differs in the mode
of attachment of the free radials and arm joints, the rim-like

projection at the upper face of each plate, and in the strongly

pentagonal and crenulated column.
It differs from our species B. Pourtalesi, in most of the above

particulars and in the proportionally smaller size of its free

radials, in the succession of the syzygial joints, and in the sim-

plicity of the pinnules.

The specimen from which our description is made, is in a

most perfect state of preservation, showing column, calyx, pro-

boscis, and arms, the calyx being plump and every plate ex-

actly in position.

Geological position and locality: from a thin cherty layer

near the middle of the Upper Burlington limestone, Burlington,

Iowa. Collection of Charles Wachsmuth.

Belemnocrinus Pourtalesi, n. sp.

Smaller than either of the other described species. The
column is unknown, but, from the impression of its atl

to the lower excavated parts of the basal plates, it was evidently

more or less pentagonal.

Calyx low, about two thirds as wide as high, basal cup sub-

globose, constricted and truncated above and deeply excavated
below for the reception of the column. The portion composed
of the first radials and anal plate, being a little less in diameter

at its junction with the basals, expands upward and gives to

the whole calyx a form somewhat urn-shaped.
Basal plates nearly uniform in size, two-thirds as wide as

-i tly widest above, strongly convex and bulging in the

middle, being curved somewhat like the staves of a cask, upper

feces nearly truncate, lower faces truncated with abruptly
rounded edges and excavated. They are heavy plates, solid

below, leaving onlv a small perforation connecting with the

column.

Radials, four. The first radials, alternately arranged with
the basals, are only one-third of their size, wider than long,

quadrangular, closely join.', I .it tin- 1 tt-ni -utuiv-. :un! -l'-i itly

set in from the outer upper edge of the basals, leaving a rather

deep transverse suture. Second and third radials as wide as

the first and more than twice as wide as high. Fourth radials

larger than the others, pentagonal, supporting- upon their upper
sloping faces the free arms.
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Arms comparatively robust, tapering rather rapidly to the

ps. The arm joints are at their surface angularly elevated in

middle, depressed toward the sides,- the sutures between
liddle angular part of each joint a strong

B, a peculiarity which is also observable in

The arms in this feature recall the charac-

of those of Taxocrinus and Forb^i"crinns.

Throughout the greater portion of the arms, every alternate

joint is a syzigium, very obtusely pentagonal, twice 'as large as

the other arm joints, and to the longer margin of each which is

slightly angular, is attached a pinnule. The pinnules originate

on a very distinct articulating scar near the upper part of the

plate. The intermediate plates are quadrangular in outline.

From the bifuricating radial to the second pinnule two quadran-
gular joints are interposed between those to which the pinnules

are attached. The great size of the syzygial joints, as compared
with the others, and their rather pentagonal shape, cause the

pinnules to branch from the arms at a considerable angle, and
also give to the arms a marked waving form. The pinnules

spring alternately from every second syzygial joint on either

side of the arms, they are simple, composed of quadrangular

joints, heavy, long, tapering but slightly, nearly all thus

ing the same size throughout their entire length.

The ventral sides of the arms and pinnules are in our speci-

men perfectly covered with alternating minute plates. The
same arrangement of plates has been observed by us arching

the ventral furrow in the arms of Cyathoar

inns, and Messrs. Meek and Wor-
then have observed it in the arms of Batocrinus. We are led

to believe that the ventral furrow was similarly arched in all

Paleozoic Crinoids.
The anal side and proboscis

cannot be described. The su;

indistinctly carinated.
B. Pourtalesi can be readily distinguished from any other

known species. From B.fiorifer, 'most-nearly

resembles, it differs in its more globose basal cup, its smaller

first radials and its wider free radials, which are tally twice as

wide in that species, also in the proportionally shorter and

heavier brachial pieces, the extreme size of 1

as compared with the intermediate ones, tic

ma, in the angular form of the arm joints the curving

sutures between them, and in the peculiar shape and ere

upper part of the calyx of that species. From B.

differs in its shorter, more globose and smaller cup and in the

form of the first radials. From B. typus in the same respects,

and also in the waving form and angular surface of the arms.
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We take pleasure in dedicating this elegant species to Count

L. F. de Pourtales, the eminent Zoologist of the Museum of

Comparative Zoology at Cambridge, Massachusetts, who first

called attention to the relations of this genus to one of the types

of recent Crinoids.

Geological position and locality : from the lower part of the

Lower Burlington Limestone, Burlington, Iowa. Collection of

Frank Springer.

Art. XXIX.—On Thorpe's and Bunsens methods for the Esti-

mation ':> .- by S. W. Johnson.— •

tionsfrom the Sheffield Laboratory of Yale College. No. XLVI.

In volume xxvi, pp. 541, 549, of the Journal of the Chemical

Society, as well as in his treatise on Quantitative Analysis, p. 95,

Thorpe has described a method of estimating nitric acid, in

which this acid is reduced to ammonia by the use of slips of

zinc coated with, precipitated copper, a reduciug combination

first employed by Gladstone and Tribe. The experimental re-

sults given by Thorpe in support of his method are such as

apparently establish its great exactness, while in s

and ease of execution, it would seem to be quite superior to

the similar methods that have been previously proposed.

Having occasion to make some determinations of nitric acid,

I tested Thorpe's method in five distinct trials with pure sodium

and potassium nitrates. The directions given by Thorpe in

his Quantitative Chemical Analysis are as follows:

About 25-30 grams of thin sheet zinc are placed in a flask of

about 200 c. c. capacity, and covered with a moderately con-

centrated and slightly warmed solution of copper sulphate. In

about ten minutes a thick spongy coating of copper will be de-

posited on the zinc ; the liquid is poured off the metal
are now well washed with cold water and covered with about

40-50 c. c. of pure water. Weigh out about 0*5 gram of

pure nitre into the flask connected with a condensing arrange-

ment The liquid is gradually heated and distilled for about

an hour. The distillate is treated with platinum tetra

These directions were followed as closely as possible save

that the distillate was received in a standard acid in order to

measure the ammonia volumetrically.
In the first experiment 0"5712 of sodium nitrate were em-

ployed, containing 0-09408 of nitrogen. After distillation was
concluded, the distillate contained 0*02947 of nitrogen. Think-
ing that the zinc hydroxide resulting from reduction of the

nitrate might retain ammonia beyond the power of simple dis-
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tillation to remove, although Thorpe makes no such suggestion,

I added a quantity of newly fused, pure caustic potash, and
more water and distilled again.

This second distillation gave additional ammonia equal to

0-0227 of nitrogen.

The total nitrogen thus obtained was

:

2d " 0-02275

0-05222 instead of 0-09408

Or a deficiency of 45 per cent.

In a second trial, 0-6689 grams of sodium nitrate were taken.

The conditions of reduction were as near as practicable the

same as before, but on completing the first distillation the odor

of nitric oxide was plainly evident in the receiving vessel, and

the amount of free acid in the latter was greater than at the

outset, the standard acid, not only being not neutralized by
ammonia coming from reduction, but made more acid by the

reaction of nitric oxide upon the oxygen and water of the con-

densing vessels.

In a third experiment with 04193 grams of pure potassium

nitrate, 40 grams of cleansed zinc were covered with concentrated

copper sulphate solution for fifteen minutes, the precipitated

copper was washed with great care to avoid as much as possible

detaching it from the zinc. 40 c. c. of water and the nitrate

were added, the mixture heated very gradually and distilled

finally with addition of more water, for one hour. The result was

like that of experiment 2. .

A fourth trial resulted in the same increase of acid in the

receiver. In all these cases the copper was very loosely at-

tached to the zinc, so that by mere washing much of it, and on

boiling most of it separated. „ . . . , ,

I now referred to Gladstone's description of his method of

preparing the zinc-copper couple, and made a fifth experiment,

following his different directions as follows

:

A weak solution of copper sulphate (l'o per cent UifeUJ

was employed, and the zinc was let remain in it for some time

until the color of the solution was very nearly discharged.

The distillation was then conducted as Thorpe directs.

0-5338 grru. KN0 3
containing 13-84 per cent N.

yielded J^^_
JN '

deficiency= 8-64 " N.

Thorpe mentions no difficulty in the application of his pro-

cess except in case of ammonium nitrate. With reference to

its analysis he says, "the discordances appear to.depend
^

upon

differences in the strength of the solution and the amounts of
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zinc and copper taken. If the solution is too strong, nitrogen
dioxide is evolved, and if the amount of zinc and copper be

it, the reduction is incomplete." It is evident that
the process needs further study to define the conditions of its

succ tisful employment.
In contrast with the above results I instance three estima-

t rogen made by Bunsen's method,* on the same sample
of potassium nitrate and with aid of the same standaj
metrical solutions as were employed in the experiments just de-
scribed. In Bunsen's method the reduction is effected in the

presence of 250 or 300 c. c. of water and excess of
otash by zinc-iron couples, prepared by twisting to-

gether sheets of the two metals.
The time of reduction in the first trial was twelve, in the

others thirty, hours. After these times, the ammonia was dis-
tilled into the standard acid. The results were as follows :

»...., l - 2 - 3. Theory.
Nitrate taken, 0-4593 0-3374 0-2651
Nitrogen found, 13-29 p. c. 1349 p. c. 13-25 p. c. 13-84

The results fall short, it is seen, from 0'35 to 0'60 per cent
cknowledgments are due to Mr. E. H. Jenkins, for
"i in these trials.

Art. XXX.— Westfield during the Champlain Period: by J. S.
Diller, of Westfield, Massachusetts.

Westfield, Massachusetts, is nine miles west of Springfield,
and six miles north of the Connecticut State line, in a valley
cut off from the western part of the Connecticut valley by the
ijivide Kange (the trap ridge extending south from Mount Tom).
1 he village of Westfield is situated between Westfield Eiver and
Westfield Little Eiver. These rivers flow eastward, across the
valley and after uniting a mile east of the village, their waters

"V1

??
Dlvide Rai,Se int0 the Connecticut Eiver

below Springfield.

The region contains three extensive plains. Hampton Plain,

v?nZ
irVey Ha™PdeT1 Pond^ four miles northeast of the

village, extends south to the Westfield Eiver. Avenue Plain
from the mountains west of Westfield, east betweenme two rivers to the village. Poverty Plain begins south

thetaTS""1 6
ii

tendS
5°Uth ^ the Southwick Ponds into

Dart of t^l &
Q VallG£ •

Stratified dePosit* ^ the northern

Kml^T'; P1
£
m

'
near Ha™Pden Ponds, are 286 feet

above mean sea-level. From this place the plain slopes south
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twelve feet per mile to near the Catholic cemetery, and is there
249 feet above mean sea-level, or 104 feet above highest modern
flood-level at Westfield. A plain extending south from near
Easthampton toward the Hampden Ponds, slopes in the same

direction. The divide between Northampton and Westfield
is crossed, west of Hampden Ponds, by a valley through which
w»e old canal extends. The highest plain in this valley near

Southampton is 256 feet above mean sea-level, and slopes

A*. Jour. Sci.-Thibd Semes, Vol. XIH, No. ?6.-Apbil, 1877.
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toward the south. The northern part of the Hampton Plain
is made of very coarse material, which gradually becomes finer

toward the south. In the gravel of this plain, pebbles of trap

Poverty Plain is highest just south of Westfield Little
River, where the stratified deposits are 254 feet above sea-level

(109 above flood-level at Westfield), and slopes toward the south
three and a third feet per mile. The material of the Poverty
Plain is finer than that of 'the Hampton Plain. Poverty
Plain is separated from Hampton Plain by the valley of the
two rivers, and extends south into Farmington valley. The
slope of these plains toward the south, and the grade in the
material of the Hampton Plain in the same direction, are un-

te evidences that during the period of their deposition,
the Champlain period, the water must have flowed over these
plains from north to south.*
The appearance of trap pebbles in the Hampton Plain points

to the same conclusion. Not any trap rock is found in the
basin of the Westfield River west of the Divide Range. Hamp-
ton Plain is separated all along its eastern boundary from the
Divide Range (trap) by a ridge of sandstone rising far above

fted drift of the plain. From these conditions it is

evident that the trap could not have been washed into the
plain from either the east or west. Following the Divide
Range to Mt. Tom, it will be seen that this mountain owes its

height to the westward advance of the trap and underlying
shale, making it to rest directly upon the hard conglomerate
which forms a separate ridge south of Mt. Tom. The talus of trap
on the western side of Mt. Tom would be carried, by a stream
flowing south, along the western base of the mountain, directly
into the Hampton Plain. There seems to be no doubt that
the pebbles of trap are from Mt Tom, and were carried into
their present position by a stream from the Connecticut River

v?
W1
mg

SOUth
(as Professor Dana has already shown), west of

Mt. Tom, over the Hampton and Poverty Plains into the
Farmington valley.
The highest stratified deposits in the vicinity of Westfield

are near Mt. Tekoa, 289 feet above the sea, and 112 feet above
the flood-level of the Westfield River where it issues from the
mountains. Hampton Plain, as already stated, rises 286 feet

a?^e
.

tie
.
1f*• According to Professor Dana, there is a terrace

at lanffville, Conn., fourteen miles south of Westfield, in the
same valley, having a height 275 feet above sea-level. He has
taken this asproof that the height of the flood over the middle
part of the Westfield basin was at least 275 feet. The heights
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given above, one in the valley and the other, a greater height,

upon its side, show, after making reasonable allowance for the
slope of the water, that the level of the highest flood was at

least 280 feet above mean sea-level.

Daring the greatest flood, the Westfield River and the West-
field Little River, joining the waters from the Connecticut,
flowed south over the Poverty Plain into the Farmington
valley. The lower deposits in'this vicinity were made by the
Westfield Rivers before the overflow from the Connecticut
began. One of the first results of the overflow from the north
must have been to fill the former valley of the Westfield Rivers,
so that during the time of greatest flood the Hampton and
Poverty Plains must have been one continuous plain.

The north end of the Poverty Plain is five feet higher
than the south end of the Hampton Plain, and while the latter

slopes twelve feet per mile the former slopes onlv three and a
third feet per mile. The material of the Poverty Plain is

finer than that of the Hampton Plain. The differences in

height, slope, and material, are all due to the confluence of the

three streams upon the Poverty Plain, and to the damming
of the water by the Southwick Divide.
The Avenue Plain, at its western extremity, reaches its

greatest height, 286 feet above mean sea-level and 109 feet

above flood-level of the Westfield River, at Mt. Tekoa. From
this place it slopes east sixteen feet per mile to the village

cemetery, where its height is 232 feet and 87 feet above flood-

level of the Westfield River at Westfield. The east end of the

Avenue Plain is at least seventeen feet lower than the adjacent

ends of the Hampton and Poverty Plains, showing that seven-

teen feet of stratified deposits must have been swept off the

east end of Avenue Plain.
When the flood subsided, the overflow from the north ceased,

and the Westfield rivers began to flow once more through the

Divide Range into the Connecticut By their conjoined action

they eroded the Avenue Plain to its present level, and cut for

themselves, across the once continuous plain, deep valleys,

with the terraced sides that now appear.

ART. XXX—On some Embryonic Forms of Trilobites from the

Primordial Rocks at Troy, 2K T. ; by S. W. Ford. With
Plate IV.

The existence, in the case of a number of species of Bohe-

mian Trilobites, of a series of forms showing that, before reach-

ing maturity, the animal passed through several widely distinct

phases of growth is a fact long ago made familiar to geologists
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by the researches of M. Barrande. In one instance, that of
Sao hirsata, he has shown that twenty such phases are passed
through, the earliest and simplest forms being of almost micro-
scopic minuteness and presenting scarcely any resemblance to

the individual when completely developed. These phenomena
have been styled by Barrande the "Metamorphoses of Trilo-

bites;" and in his truly magnificent work on the Trilobites of
Bohemia (Systeme Silurien de la Boheme, vol. i, 1852,) they
are fully and ably set forth and discussed. Hitherto, however,
no example of a truly embryonic form of trilobite, or one show-
ing that the animal was mainly developed after quitting the
egg, has been found in other than Bohemian strata; a fact

which, when we consider the prodigious numbers of these ani-

mals that existed in Paleozoic times, the care with which the
rocks in which they occur have been explored in many coun-
tries, and the profound study which their remains have received
at the hands of many distinguished investigators, would seem to

indicate that, in the greater number of species, no such forms
ever existed. I beg leave to submit herewith the evidence I

have obtained of the metamorphoses of an American trilobite,

the species being the Olenellus
|

<»plwides of
Emmons. I shall discuss this evidence, together with certain
other material which I possess pertaining to this species, under
the following heads

:

Genus OLENELLUS Hall.

Olenellus (Elliptocephalus) asaphoides Emm.

I. Embryonic Forms.
In the spring of 1868 I discovered several specimens of this

species in the limestone beds at Troy, showing clearly the
characters of Olenellus, which were afterward fully identified
with the Washington County form by Mr. Billings. Since
that time I have added to my list of specimens whenever
opportunity has offered. Although some of the specimens
obtained early in the course of my investigations appeared to

me somewhat rudimentary in character, yet it is only of late,

and after laboriously working away the partially enveloping
rock, that I have become fully aware of the real richness of
the matenal. Further researches will doubtless supply much
that is still desirable.

Fig. la represents, natural size, the earliest stage of growth
observed, and lb the same enlarged five diameters. The speci-
men is nearly circular, one line in greatest width and length,
with a wide concave border which, toward the edge, is bent
upward so as to form a neat marginal rim. The glabella is

three-fifths the total length. It is divided into five distinct
lobes by four well defined furrows extending all across. The
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forward lobe is considerably larger and spreads out laterally
beyond the others, which are of nearly equal shape and dimen-
sions. It stands out prominently in the specimen. The eye-
lobes are of an elongate semi-lunate form, and, springing from

» the postero-lateral angles of the forward lobes of the glabella,
extend backward nearly as far as the last glabellar furrow. At
the -posterior extremity of each and in direct continuity with
them is a well-defined rounded ridge which extends outward
and backward toward the postero-lateral margin, with the raised
edge of which it unites to form a slender spine. The spaces
between the eye-lobes and glabella are tumid and are prolonged
backward as two spines lying within the former. These I shall,
for convenience, call the " inter-ocular" spines. I have no doubt
but that all of these spines terminate in acute points, as they
are all seen to taper slightly in the specimen ; but as they pass
beneath the stone a short distance from the disk, I have
thought it better not to run the risk of destroying them
altogether in attempting to further develop them." Between
the two spines last described lie the last glabellar lobe and its

appendage, the latter a simple, smooth, narrow, nearly flat or
only feebly convex plate, convex in outline behind, and giving
to the specimen its nearly circular form. This plate I consider
to be a rudimentary pygidium. I believe this to be one of the
most rudimentary trilobitic forms ever discovered. At present
it appears to me to be equally humble in structure with the
form representing the first stage of growth of Sao hirsuta illus-

trated by Barrande. The head is greatly predominant. There
18

5£.
tnorax

> and no pygidium properly so called.

With regard to the nature of the spines and ridges which I
have just described I became greatly puzzled as my study of
the specimen continued. At first I was disposed to look upon
them as simply ornamental in their nature, regarding the ridge
which runs backward from the eve-lobe as simply the eye-lobe
itself fancifully prolonged. Afterward, however, I was led to
take the economy of the animal organization into account, and ,

from the moment of doing this I was conducted to very differ-

ent conclusions from those first entertained. I believe the
outer spine of this individual to represent the permanent spine
of the genal angle in the adult, and the little ridge which
j^ns backward from the eye-lobe to this spine and helps to

form it to represent that portion of the posterior margin of

adults which lies between the genal angle and the facial suture.

Ahe mter-ocular spines I am inclined to regard at present
as having been most probably protective in their office. Be-
tween the ridges extending from the eye-lobes and these spines
tnere is an open space or slit in the shield. This space repre-

seQts, I believe, the position of the posterior portion of the
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facial suture in the adult. At this stage that portion of the

posterior margin of adults which lies within the sutures is not

even indicated. The specimen presenting these remarkable

features of structure is in a beautiful state of preservation.

Fig. 2a represents another specimen, natural size, and 2b the

same enlarged three and one half diameters. The lower left

hand portion of the border is slightly restored in each. This

specimen is, in extreme width, two-thirds larger than the first

example, and in extreme length, exclusive of the spines, one-

half larger. The form has changed considerably, but it re-

quires but a moment's attention to convince one that the fun-

damental structure is, in all respects, the same with that of the

preceding example. The shield is more spread out laterally,

and markedly so at the mid-length ; the eye-lobes in their

^forward portions are more arched ; the glabella is more acutely

and regularly tapering ; and the proportional distance between

the inter-ocular spines at their origin is considerably increased.

The glabella is marked by four distinct furrows extending all

across as before. Immediately in advance of the fourth or

foremost furrow there is a slight ridge extending all across the

anterior lobe, which gives to the eye-lobes the appearance of

meeting on the median line of the glabella. The neck-furrow

is strongly marked. On either side of the neck-segment is a

short, deep, longitudinal furrow with an elevated rim bounding
it behind. We have here rudely sketched out that portion of

the posterior margin of adults which lies inside of the sutures.

In contact with this margin there is a somewhat convex, trian-

gular body, the central portion of which is damaged, but which

shows on each side two or three obscure furrows extending

outward and backward. This body, both from what Barrande

has taught respecting the mode of development of the thorax

of trilobites and from the appearances themselves, I consider

to be most probably a rudimentary thorax and pygidium com-

bined. From the even manner in which it is outlined it is

probable that none of the segments were yet free. The surface

of both this and the foregoing specimen is smooth.
Now, if we examine the figures it will appear evident, I

think, that, between 1 and 2, one or more intermediate forms

may exist, and between 2 and 3 a considerable number of such

forms. As yet, however, no such forms have been obtained.

Figure 3a shows, natural size, and 36 twice enlarged, a head

whose development is evidently nearly completed, but which
is, nevertheless, embryonic in certain of its features. There

rt the strong inter-ocular spines and the glabellar ridge

uniting the eye-lobes in front. The glabellar furrows also extend
all across, but become fainter on the median line. The eye-lobes
are rather more regularly curved than represented in the figure.
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In this specimen we have the first indication of the fine system
of surface lines which ornaments so beautifully, in many instan-

ces, the adults. From the posterior extremity of the eye-lobe
there is a slender though distinct ridge running backward par-

allel with the inter-ocular spine, lying close alongside, to the
marginal edge and forming with it a continuous elevation.

Between this little ridge and its adjacent spine is the place of
the suture. In this, as in the preceding example, the inner
formed portions of the posterior margin wall against the inter-

ocular spines. These spines are here clearly seen to lie in the

marginal border, or rather between its still disunited outer and
inner portions, appearing as if occupying a little notch in that

border especially intended for their reception. The spines of

the posterior angles are only partially preserved.
In figure 4a, which is of the natural size, and o the same

enlarged as before, the posterior margin is continuous or united

at the sutures ; but there is a little ridge running from the base
of the eye-lobe to the marginal edge, as in the preceding case.

This character is likewise shown in all perfect adult specimens.

The specimen is perfect excepting the posterior spines. The
characters are all only those of adult growth. There are three

pairs of glabellar furrows in advance of the neck-furrow, none
of which reach the median line, and in addition, as is likewise

true of most adult specimens, a short, fainter fourth pair in front

of the anterior extremities of the eye-lobes. The neck-furrow
is continuous all across. The spaces between the eye-lobes and

glabella are but moderately convex and were no longer pro-

vided with spinous appendages. The surface of the cheeks is

ornamented with exceedingly fine waved lines, best shown in

the concavity just within the marginal rim.
t

I have purposely dealt with figure 4, under this head, in

order to prepare the way for a better understanding of certain

features of structure presented by the embryonic forms to

which I wish more particularly to refer. Eeturning to figure

3a:—on comparing this form with 2a, we observe the princi-

pal differences to consist in the relatively greater lateral expan-

sion of the postero-lateral portions of the shield in the former,

these being extended so as to give to the form a nearly semi-

circular outline; the relatively smaller size of the tumid spaces

between the eye-lobes and glabella; the relatively nearer ap-

proach of the posterior portions of the eye-lobes to the glabella

;

and in the presence of a nearly perfectly formed, though not, as

yet, united posterior border. With the completion of the perfect

union of the posterior margin at the sutures, the inter-ocular

sPines appear to have been no longer of use and were altogether

oppressed. Figure 4 is an example of this. But m all essen-

tial features of structure I believe 2 and 3 to be fundamentally
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the same. If, in the case of figure 2 we were to suppose that

portion of the ridge running from the lower extremity of the

eye-lobe which does not enter into the composition of the spine

of the general angle to be elastic, and then draw the lower end

of the eye-lobe downward and inward as close to the glabella

as possible, at the same time carrying the genal angle outward

a little way, we should get a short horizontal posterior margin

between the outer and inner spines. This is similar to what, I

believe, has, in effect, actually occurredjn the growth and de-

velopment of this form, the growth being both inward or toward

the line of suture and outward or toward the angle, giving us a

form such as we observe in figure 3. I have no doubt but that

future discoveries will bring to light forms illustrating this, and

also showing us more fully the various stages of unfolding

passed through in the development of this extraordinary species

of trilobite.

II. Adult Forms.

Fig. 5 represents, twice enlarged, an unusually perfect speci-

men. It is of a young individual, but the characters show that

it was, without doubt, a fully developed form. The head is

somewhat crushed and fractured, but the main features are

beautifully shown. The thorax is incomplete, and the pygi-

dium is wanting. There are twelve pairs of ribs preserved.

These decrease in length in a regular manner, constituting an

exceptional feature in the structure of the genus.* In one of

the three specimens of this species figured in Dr. Emmons
works there are fourteen articulations in the thorax, but it is

impossible to say whether this is the total number possessed

by the individual. His figure also shows one of the posterior

spines of the head in place with its characteristic surface-mark-

ings.! In our specimen the whole surface of the head beyond
the eye-lobes and glabella is covered with irregularly alter-

nating finer and coarser lines radiating outward to the margin.

These lines are somewhat too coarsely represented in the figure,

but it shows well the peculiar character of the ornamentation.
In this specimen the slender ridges running from the eye-lobes

to the posterior margin along the sutural lines are very appar-

ent. The eye-lobes are not actus the glabella

behind as shown in the figure, which would also slightly change
the direction of the ridges extending from them. At a and o

the shield is fractured, but I do not consider either fracture as
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coincident with the course of the suture. In fig. 8, which repre-
sents the glabella, eye-lobes, and portions of the cheeks of a
large individual, the whole considerably weathered, there are
three such fractures. Of these a coincides very nearly in relative
position and direction with a in fig. 5. But this coincidence ap-
pears to me to be only accidental. It is possible, judging from a
specimen in my collection showing the under side of the head
with the hypostoma in place, that the line c coincides with the
suture, but I do not feel at all satisfied of this. I have never
been able to ascertain to my entire satisfaction the direction of
the suture in front of the eye in any specimen. The shield
appears to have fractured as easily in one direction as another.
This would seem to indicate that the cheeks were very firmly
united at the sutures in front. This, if true, has an important
bearing upon what I have stated in regard to the mode of for-

mation of the posterior border in the embryonic stages ; for if,

according to my view, the posterior portions of the sutures
were, almost from first to last in the progress of the metamor-
phoses, only indicated by the structure, the spaces in the devel-
oping margin which they were to occupy being long left open,
we can readily understand whv the anterior portions of the
shield should have been firmly held together. The changes
that took place in the forward portion of the shield during the
period of development were, as compared with those in the
backward, relatively unimportant both as to kind and amount.

This species sometimes attained an enormous size. One
specimen of the glabella in my collection is an inch in width
at its narrowest part. The surface of the head in some cases

presents an exceedingly ornate appearance. Occasionally the
whole surface of the cheeks is covered with small polygonal
areas having a little prominence in the center of each, these
areas being formed by the irregular interlacing of the fine

raised surface lines. In other cases this arrangement holds
good for the more central portions of the cheeks, while toward
the margin the lines become more regular in direction and
better defined, and sometimes become so widely separated as

to enclose two or more rows of what were before the little

tubercles or prominences in the polygonal spaces. Figs. Wa-b
are intended to illustrati what is "here meant, b being a small

segment of the outer portion of a cheek greatly enlarged, and a
an enlargement of one of the inner portions. At other times
the whole surface of the cheeks is covered with tubercles with
no enclosing lines, and at still others with only irregular lines

with no tubercles.
Fig. 9 is of a portion of one of the cheeks preserving its

spine. The upper crust is nearly all removed, but at the spine

we see it present with its usual ornamentation. The specimen
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is, for the most part, a cast in stone of the outer or lower sur-
face of the "doublure," which is shown to be ornamented in
much the same way as the upper surface of the shield. Along
the outer edge there is a portion of the doublure itself remain-
ing.

HI. The Hypostoma and Epistoma.
Of the hypostoma of this species I have several specimens, one

of which, a very perfect example, is here figured twice the
natural size (fig. 6). Its form and structure both show it

to be very closely related to the hypostoma of Paradoxides.
The surface is smooth. The central body is exceedingly convex.
In his description of the type of the genus, 0. Thompsoni (13th
Eegents' Eep. and elsewhere), Professor Hall says of the hypos-
toma that it is " broadly ovate, little longer than wide." As
this description was too imperfect to be made available in com-
parison, and was unaccompanied by a figure, we were thus left in
doubt regarding the testimony of" this, one of the most import-
ant parts of trilobites that can be employed in the identifica-
tion or differentiation of genera. In the form of the hypos-
toma, the shape of the glabella, and in its fades, this genus is

evidently closely related to Paradoxides, more closely I believe
than to Olenus, as was

1 by most paleontolo-
gists who investigated it The glabella in all the species is

widest at the frontal lobe. In the case of 0. asaphoides we see
that this is a feature that is early marked out in the structure.

In a small number of species of trilobites described and
figured by Barrande, there is shown to exist a second plate
(luite similar in shape to the hypostoma, but placed in the
interior of the cephalic shield. This he has called the "epis-
toma. We have not hitherto found this organ in any Ameri-
can trilobite^ About three years ago I obtained an enormous
glabella of 0. asaphoides, beneath which there appeared to be
at one point indications of the existence of a plate of different
character from anything I had previously seen. The specimen
remained in my hands in this state for a long time, but I
finally succeeded in developing the body referred to, which is

the remarkable form represented (nat. size) in fig. 7 of the plate.
It shows a central or sub-central elevated area with two deep
oblong parallel furrows; an elevated left-hand border, and
between these a wide concavity. At the upper left-hand por-
tion is the cast of a stout spine. Just to the right of this a
portion of the plate has been removed. The surface presents a
smooth polished appearance. This plate I believe to be the
epistoma of this species.
The specimen whence this plate was obtained consisted as

originally discovered of two parts, one showing the inner surface
of the crust of the glabella, and the other its impression in
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limestone. Beneath this latter, at about a line's depth, was
shown a portion of the plate in question. At present the

specimen consists of three parts, or rather four : (1) The inner

surface of the glabella
; (2) a limestone cast of the same

; (3)

the epistoma attached to the lower side of No. 2; (4) a cast

of the lower or mouthward side of the epistoma, and preserv-

ing its spine. The layer holding the epistoma came away in

several pieces. These have been glued together, and the rela-

tions of the parts of all four of the pieces can be made out with

ease and certainty.

As will be seen from the figure, the plate is in a fragmentary

condition. Compared with the hypostoma it is probably

represented in an inverted position in the drawing. The
upper portion in the figure is probably the backward portion

in the specimen. This is, moreover, its position beneath the

glabella. It lies diagonally across the latter, with its spinous

portion resting directly beneath the neck-segment It has

doubtless become detached and slipped backward. It appears

to me probable that the straight dotted line in the figure indicates

approximately the middle line of the perfect specimen. This

is all that I desire to say upon the subject at present.

To sum up : I believe the facts which have been presented

prove conclusively that we have in Olenellus asaphoides an ex-

ample of the metamorphoses of trilobites, and clear up some

points that have always been in doubt concerning the genus,

besides affording us a more complete life-history than we have

hitherto possessed of any trilobite from American strata In my
investigation of this singular life-history I have striven earnestly

to read the record aright. How far I have succeeded m this must

remain for my fellow laborers in the department to determine.

All of the specimens described and figured m this paper

were collected by the writer from the limestone beds of the

Lower Potsdam Group at Troy, K Y.
New York, February, 1877.

ART. XXXI.-The Winds of the Globe; or the laws of Atmos-

pheric Circulation over the surface of the Earth; by James H
Coffin, LL.D., Professor of Mathematics and Astronomy m
Lafayette College *

This volume, to which the author devoted many years of

earnest labor, may be considered, as its title implies, an
^
exte

^
* The Winds of the Globe; or the Laws of

of the Earth; by James H. Coffin, LL.D.,
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sion of his earlier treatise on the Winds of the Northern Hemi-
sphere. Its design is to show

\f ™ e mean direction of the wind in all parts of the earth.
-

Zd. J he ratio that the progressive motion bears to the total
distance traveled.

^ 3
j*-

£?
he modifications that the mean current undergoes in

the different seasons of the year.
4th. The directions in which the forces act that produce

these modifications.
5th. The amount of their intensities.
6th. To show, by separate solutions for the surface winds

and those indicated by the motion of the clouds, how the two
(Jitter, and how they differ according as we do, or do not, take
into account the difference in the velocity of the different winds.

I he data used for elucidating these points consist of series
ol observations on winds made at 3,223 different stations on
iand and during numerous voyages at sea, extending from the
para lei of 83° 16' north latitude, to beyond the parallel of 75°
south latitude, the extreme points ever reached by man, altogether
embracing an aggregate period of over 18,500 years. If the area
between latitude 60° N. and 60° S., where observations are more
abundant, be divided into geographical squares, by drawing
meridians and parallels of latitude 5° apart, of the 1728 squares
so tormed 1410 are represented in this work. The 318 vacant
squares, from which no observations have been obtained, are as
toJlows: Twenty-one in North America, mostly in British Amer-
ica; torty in the interior of South America ; none in Europe;
seventy m Central Asia ; sixty-three in Africa ; fifteen in the

pT' Australia; one hundred and eight in the North
1-acinc Ocean; and one in the South Pacific Ocean.

'

^;Je
?>
mS
^
em
^
nentlj desirable that the great paucity in the

™I? rw fi(

l
0cean

'
sbould be filled

;
particularly as it is sup-

posed that the material for doing so exists, though entirely
unreduced, among the archives of the United States Naval
-department

rPn^t
f

T
i

r
tate

1

CODdensation in the results
>
the stations that2S -

dl
f

reCtl
-7 t0 the Smithsonian Institution have been

grouped into convenient districts, about 100 miles square, and
ine total number of observations has been given for at least

Tn tLP °l
the comPass,

during each of the four seasons.

serifS p^TV^TSt °ther Stations
'
and Particularly when the

hP !fnr i
through a lonS Period of years, the total num-

ber of observations is given for each month of the year, and
>mts of the compass. By this summary the dis-

tinctive feat^of' the ^sZTof ZLin72,'i of the

whpn 7r
" uu

,
,JUllieratea by condensation, excepting of course,when those of a particular epoch are sought, i
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the investigation of storms. For this the present work is not
available ; although the author appreciated this end, as shown
in his preparation of a previous work,* in which 300 pages are
devoted to selected records from 400 localities in the United
States, extending through several days each, in the case of
storms that occurred in March and September, 1859, and noting
not only the winds, but all the accompanying meteorological
phenomena.
The method of summing and presenting this mass of^material,

is by five series : in each of which the separate seasons and
points of the compass are kept distinct, viz

:

I. The number of observations.
II. The number of miles traveled, as estimated by the ob-

III. The u

Then
as indicated by the motion of the clouds.

V. A velocity table computed from the first three series, the
results of which will be noted farther on.

In series I, II and IV, the trigonometrical resultants are
computed, both as to direction and the ratio of the resultant
to the sum of the winds. Of these the work embraces 16,000
solutions, about one-half of which find place on the charts.

The deflecting forces have been wrought out in about 8,000
of these instances.

The peculiarity of series V may be seen in an example.
Certain stations in New Hampshire, north of latitude 40°,

during the years 1854 to 1857 inclusive, give the following

1 I
2 III 1

JJJAverage velocity of all winds in miles, per hour,..
Velocity in mean direction, on the supposition that
the winds from every point of the compass move

2-72 1-07 2-n! 3-82J 2-66

ime velocity in mean direction, giving to the winds
from every point of the compass each their own

^average velocity, as shown in the table above,.- 2-91

+*s

Let the
supposed to
after day

and general I

States Senate Docu"ment736th tongremT'

of a particle of air be traced, which is

1 only by the winds that are found day

ice : at the end of the year the path of the
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as the carve more easily formed by joining the four lines,

whose direction and length are recorded in the resultants of

series I. On the North American coast of the Atlantic the

curve is of this general shape W"", while on the European coast

iture is reversed, being *~>^. The change seems to

mid-ocean at longitude 30° to 35° west. Except

where there are marked local obstructions to the free flow of the

air, this law seems invariable ; and it holds in the majority of

cases, even in the motion of the clouds ; but Mount Washing-

ton, New Hampshire, seems a remarkable exception ; the ob-

servations for 1870-3 give as resultants

—

Resultants. Ratio. Monsoon influence.

Spring, N. 87°2l'W. '62 S. 17° 15' W. -13*

Summer, N. 62° 33' W. -62 N. 12° 30' E. '13 .

Autumn, N. 60° 46' W. 63| N. 9° 3' E. '15£

Winter, N. 87° 38' W. -60 S. 9° 1' W. '13£

These S-shaped curves were pointed out and illustrated by

Professor Coffin, in 1848, at the same time that he announced

the existence of the Polar system of the northeast winds, and

the Temperate system of the westerly winds. The forces that

deflect the wind from its mean annual direction, and so cause

these peculiar curves are given under the title of Monsoon

Influences. Are they due to changes in the temperature, or to

variations in atmospheric pressure at the different seasons?

An examination of the maps shows instantly that in all parts

of the globe, these deflecting forces are inclined toward the

nearest adjacent land-center in the summer, and toward the center

of the nearest large body of water in the winter, thus showing

the direct agency of heat in modifying the direction of the cur-

rent, and the intensity of its flow. That barometric pressure

however plays the more important part in effecting these seasonal

changes of direction is shown in Dr. Woeikofs minute discus-

sion
; wherein, reproducing the isobaric charts of Dr. Alexander

Buchan, he considers the five wind systems in general, and

then treats separately the winds in the smaller geographical

divisions of the earth. He corrects the error, so generally

prevalent, of limiting the monsoons to the tropical part of Asia,

showing that they extend as well to all China, Japan, Mant-

chooria, the western coast of the Sea of Ochotsk, and the basin

of the Amoor river; and, with a reverse of seasons, to Australia-

The winds on the whole Atlantic coast of the United States

were early shown bv Professor Coffin to possess some monsoon
features, though slight. The influence of the Gulf of Mexico
over the basin of the Mississippi and Ohio, from latitude 34° to

42°, in producing the west-southwest direction of the winds at

all seasons, is traced to the coustant maximum pressu
to the south and the minimum to the north and northeast.
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Dr. Woeikof instances latitude 40° to 60° south as that part
of the earth where the winds have the greatest velocity, strong
westerly winds prevailing there the whole year: due to the
great difference in the pressure of the air at a small distance, or
in other words, the steep barometric gradient. As to this
topic, Professor Coffin left on record but a few general conclu-
sions, of which we would note onlv his determination of 65° as
the average angle made by the line of the wind's approach,
with one drawn to the point of maximum pressure.
The velocity tables, elaborately prepared, mainly from data

m the United States, are designed to show the effect of com-
bining the element of velocity with that of time, in computing
the resultants. The question is one of vital importance, and
the magnitude of the task alone hinders its being solved in a
similar manner for all parts of the world. Five years of work-
ing time were spent on the reduction of the observations taken
at 418 places on the American continent, for a total period of
700 years. The results show that the effect of velocity is to
throw the resultant northerly far more frequently than south-
erly, and at a much greater angle; that it increases its magni-
tude far more frequently than it diminishes it, and by a greater

In the United States, north of latitude 32°, the annual results
obtained by noting the actual velocities average S. 89° -f W.,
with a ratio of -261 ; while those had by disregarding the un-
equal velocities are S. 80°+ W., ratio '227. The divergence is

therefore about 9° in the yearly resultants, but greater in win-
ter, and less in summer.
This general fact of a [northerly] divergence and excess of

ratio, holds true also for the few places computed, that are
situated within the limits of the Polar and Equatorial systems

;

yet, as the divergence seldom exceeds 15°, the great general
conclusions reached must be considered safe, although the
va"ftion in velocity be disregarded.
The average velocity, so obtained, of all winds in the United

States, is seven miles an hour, being slightly i

.
For positions considered separately, the velocity of the wind

18 greater—

J-
On high isolated peaks, than at low stations,

.
2

- On the seashore, and especially on isolated islands, than
^ the interior of continents,

.

». In level countries, than in countries surrounded by moun-
ts; and



A less velocity than the average belongs to the winds of the
equatorial calm-belt, the calm-belts at the polar limits of the
trade-winds, and the trade-wind belts.
There is a region in the southwest of the United

States, which has a common yearly period of winds, different
as are its geographical features. It includes the extreme south-
east of California, Arizona, New Mexico, Southern Utah, Texas,
Arkansas, the Indian Territory, Eastern Colorado, Eastern
Wyoming, Southern Dakota, Nebraska, Iowa, Kansas, and
Missouri. The winds are southeast, south, or southwest in
summer, with a great ratio of the resultant in the south, dimin-
ishing toward the north and east. In winter the winds are
mostly north and northwest. This region is equal to more
than a million square miles, or about one-third of the United
States, without Alaska.
A comparison of the motions of clouds with the mean direc-

tion of the surface current, shows that they very nearly coincide
in nearly all regions of the United States ; the former being
more purely west, and having a ratio of resultant of 42 per
cent—nearly double that of the surface current, which is 23
per cent—thus showing a steadiness of motion admitting of
little monsoon influence ; while the lower current has a more
west-southwest direction between the Mississippi and the
Appalachian chain, and a west-northwest direction in New
England.
As the northern and southern boundaries of the great west-

erly current are approached—at least in the United States-the
length of the arrows that designate the cloud current decreases
as much below the 42 per cent above named, as they surpass
that ngure m the center of the aerial stream: and thus the
southern limit of this system of cloud motion seems to extend
down to north latitude 30°, some three degrees farther south
than is assigned to the corresponding system of surface winds.
lne work is rich in tabular matter, especially from Spain,

JNorway, Russia, Siberia and India. Twenty-six charts are
attached m which the general features of the wind systems are
aeiineated, mainly by resultants and wind-roses; the latter
bringing into contrast the summer and winter winds. Horary,
monthly and annual variation is traced

; and one chart

™n
C
°T

efT °i
the Wind with Actuations in the thermometer,

amount of cloudiness, and fall of rain and snow. The whole

m SoroWv^^ SUmmarj °f faCtS in this dePartment °f



-Nilro-derivatives of Diphenylai

A preliminary notice of the following investigation was

|
ib - nil in the Berichte der Deut. Chem. Ges., vol. vii, p.

1248. I had hoped, long before this, to have completed the

research in a more satisfactory manner, but my time having
been occupied with other subjects, I have but recently been
able to return to it

Pisani- found that trinitrochlorbenzol acted on ammonia,
and formed trinitroaniline. Clemmf applied this reaction to

aniline, and obtained a triuitrodiplienyhimine. In a similar

manner he produced a dinitrodiphenylamine by the action of

dinitrobrombenzol on aniline.

The reaction in all of these cases is simple

—

C«H2(N02)3C1I+2NH3=0 6H2 (N02) 3NH2 +XH*C1
Several nitro-derivatives of diphenylamine had already been

discovered by Hofmanng before the research of Clemm was
made. They had, however, not been produced by the intro-

duction of a nitrophenvl-complex into aniline, but by the

dhvi-t nitntion of 1 cnzovldiphenylamine, and subsequent elim-

ination of the benzoyl-group.

The trinitrochlorbenzol was made bv Clemm's method ;
100

grams of picric acid were well mixed'with 200 grams of phos-

phorous pel laced in a large retort connected

with an inclined condenser. On heating gently, the mass

began to fuse, on which the burner was taken away. The
reaction proceeds by itself and is very violent. After the <

, X Ontte
Nitroverbindungen.

f Jour. Pr. Chem. [II], i
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sation of the action, most of the phosphorous oxychloride was

distilled off. The heavy red liquid, remaining in the retort,

was poured into a large excess of cold water and violently

stirred. After the phosphorous oxychloride had been entirely

decomposed by the water, and the mass had solidified, the

impure substance was well washed with water, powdered, and

extracted with ether by means of a filter pump. A dark-red

resin was by this means removed. The bright yellow powder,

left on the filter, was dissolved in boiling absolute alcohol and

purified by animal charcoal.

In this manner beautiful bright yellow crystals of trinitro-

chlorbenzol were obtained. By drying they became darker.

The yield is from 30-40 per cent.

I obtained better results, however, by simply heating the

substances in a high beaker glass, for I found that a consider-

able amount of the chlorpicryl was destroyed during the distil-

lation of the phosphorous oxychloride. I found, also, that

the yield was far better, when 'instead of 100 grams of picric

acid and 200 grams of phosphorous pentachloride, 50 grams of

picric acid and 100 grams of phosphorous pentachloride were

taken. By this method the conversion of the picric acid into

;.i. the decomposition of the phosphorous oxychloride,

the extraction with ether, and the crystallization from alcohol,

all together do not take more than an hour.
The trinitrochlorbenzol fused at 82-5°-83°. By dissolving

it in glacial acetic acid, diluting the solution with water, and

allowing it to stand, superb feathers, frequently over two inches

in length, were obtained.

Alphatri 'aniline.*

Preparation.—25 grams of metanitraniline (112°) and 27

grains of chlorpicryl were dissolved in boiling absolute alcohol.

On boiling the solution for a few minutes, the separation of a

he v; ve low - , lline sai d be- m This sand was not redis-

. Mite .n of more alcohol. The solution was allowed

to cool, the precipitate separated by filtration, purified by crys-

tallization from glacial acetic acid, dried at 100°, and analyzed.

Analysis.—A combustionf gave

—

02744 grms. of substance burned with lead chromate gave 0*414

grms. of CO 3 and 0-582 grms. of H 2 0.
0-2752 grms. of substance gave V=48"8 c.c. rB= 7o4-8 mm. ;

**=

21 -5° i.

° L
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C=41-20 41-15

H= 2-00 2-36

N=20'05 20*33

The mother liquor contained the nitraniline chlorhydrate.

The nitraniline was precipitated by sodium hydrate and, after

purification, used again.

The reaction is exactly analogous to the one representing

the formation of trinitroaniline (loc. cit.).

( C
9H 4(NO !

)

C ,H 3(NOs

)

3Cl+2C eH 4(NO s)NH !'=N 1 C 6Ha(NOa
)*

(H + C BH4(N05)NH J-HC1

Solubility.—Almost entirely insoluble in hot water, coloring it

yellow, however: hardly soluble in boiling ether, carbon disul-

phide, carbon teti form, and absolute alcohol.

Insoluble in chlorhydric, nitric (dil.) and sulphuric (dil.) acids.

Easily soluble in concentrated sulphuric acid to a deep red wine

color,* and is separated unchanged in the form of yellow flocks

on the addition of water. In aniline it is easily soluble with a

beautiful red color. In hot amyl-alcohol it is easily soluble,

but crystallizes badly therefrom. In hot glacial acetic acid it

is easily soluble, and separates in the form of a beautiful

orange-red crystalline sand. From a solution in acetylchlonde

it crystallizes in small wine-yellow transparent crystals.

Aqueous ammonia dissolves it very easily, the solution

attaining a splendid scarlet-red color. By evaporation it

separates unchanged. In weak aqueous solutions of alka-

lies it behaves as with ammonia. Concentrated solutions of

sodium and potassium hydrates, especially by heating, decom-

pose it with evolution of ammonia.
Properties.— Y\, 3ts of a heavy, crystalline,

yellow sand, fusing at 205° to a red liquid which, when undis-

turbed, solidifies at about 175°. By careful heating it vola-

tilizes in the form of a yellow powder. It burns with a yellow

ami nous flame when heated on a platinum foil, and leaves a

porous coal. If it be thrown on a hot surface i

gunpowder. By percussion i

^reparation.—This compound was r.
:ihirt

the preceding one. Paranit ."tionof acetani-

hde, elimination of the acetyl-group by boiling with concen-

trated chlorhydric acid, and decomposition of the nitraniline

chlorhydrate by sodium hydrate) with the calculated amount
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of picryl chloride was brought into solution in boiling absolute
alcohol. On continuing the boiling, a red crystalline powder
separated.

Analysis.—The substance was purified by crystallization
from glacial acetic acid, dried at 100°, and analyzed.

0-2888 grms. of substance burned with lead chromate gave
04354 grms. of GO 2 and 0-5920 grms. of H 2 0.

0-2852 ^grms. of substance gave V=49-8 c.c. [B=767mm.

;

Solubility.—The solubility of this compound is nearly the
same as the preceding one, being, in general, somewhat higher.
In aqueous ammonia it is easily soluble to a red color. Acids

iiged from this solution. From alcoholic
ammonia it crystallizes in beautiful glittering leaves.

It dissolves in a warm solution of sodium carbonate to a
scarlet-red color. On cooling, violet needles separate. This,
without doubt, is the sodium salt of the alphapicrylparanitrani-

l C 6H 4(N0 3
)jt>

line, N {C«H«<NO')»«. The needles are soluble in alcohol
(Na

and water, and are decomposed by acids.
It is insoluble in an aqueous' solution of ammonium car-

bonate. Easily soluble in amyl alcohol, crystallizing therefrom
_. yellow scales. In aniline it dissolves

id separates on evaporation in a crystalline form. It

ute soluble in benzoyl chloride, acetyl chloride, ben-
le and chlorbenzol.

'

Properties.—In general this compound seems to possess more
^properties than its isomer. The pure substance fuses at

Dinitrophenylmetanitraniline.

dn^h
m^n;~Calcl

l
lated amounts of dinitrobrombenzol (pro-

™vSLwY nitntion of brombenzol) and metanitraniline were
rubbed to a pap with absolute alcohol, and the mixture heated

nT^Tn rre at 10(?7D a closed tube
- Tfa e reaction took

piace in tne most satisfactory manner
On cooling, the tube contained hard brown crystals. They

were washed on a filter with warm alcohol until the filtrate
contained no trace of nitraniline chlorhydrate
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0-2822 grms. of substance gave V=46
*=22-2 ].

I C°H*(NO*)m
The formula N \ C.6H 3 (N()2) 2

P
=C>2H 8N*0«

Solubility.—The substance is insoluble in water, alcohol and

ether. Difficultly soluble in boiling glacial acetic acid. It is

soluble in an excess of boiling chloroform, separating in small

yellow crystals.
_ o#

Properties.—Small glittering yellow crystals, fusing at 189

to a red liquid. With alkalies' it behaves in the same manner
as the trinitrophenylparanitraniline.

Dinitrophenylparanitraniline.

Preparation.~The calculated amounts of diuitrobrombenzol

and paranitraniline were treated as in the production of the

preceding compound. On cooling the tube contained a mass

of dark-red crystals. They were washed with dilute alcohol.

Analysis.—As the substance did not crystallize from any

solvent, it was purified by solution in glacial acetic acid and

thm by water. In this manner, bright yellow flocks

were obtained. After three repetitions of the solution, precipi-

tation, and washing, the substance was dried at 100 and

analyzed.

0-3080 grms. of substance burnt with lead chromate gave

0-5386 grms. of CO 3 and 0-0912 grms. of H 2

0-2348grms. of substance gave V=37-6°[B = 755-3 mm.; f=19 ]•

The formula N \ 06H3(WK=C' 2H 8N4 6

178) a dinitrophenylmetani-
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acetic acid. It is difficultly soluble i

easily in hot.

P7*operties.—The compound forms a light-yellow and extra*

ler. It fuses at 1S1°.

Owing to the small amount of the substance at my disposal, I

have not been able to investigate its properties more thoroughly.

Since the pierylnitranilines contain the mononitrophenyl-

group, it appeared extremely probable to me that a further

nitrition could be effected. In this cum', since the trinitro-

phenyl-group seems to be the limit of direct nitrition of the

phenyl-group, I could predict* that by the nitrition of the

picryln tranilitio. higher nitro-members would be formed, and

that the nitro groups would enter into the mononitrophenyl-

group. If, then, by the nitrition of the picrylni

higher isomeric nitrocompounds were obtained, the isomerism

must reside in the uitrized mononitroplmnyl-gr.mp, since the

henyl-group remains unchanged during th<

It is, however, very possible that in one of the resulting com-

pounds the two picryl-groups may be identical.

Since the positions < f tin nitro-uToups in t\iv>, d

has not been ascertain. I. I sh
T

l v pn s. at t ,. trii ti •;
!

•
'

x ^

group of picric acid by a, and the dinitromonon
groups of meta and paranitraniline by ft and y respectively-

Only two of these picryl-groups can be identical.

* Supposing that the imido-group would withstand the action of the nitrous

\ That is, we suppose it does. The supposition will doubtless remain synony-

mous with the fact for some time to come a hanged by the

action of nitrizing agents. Hence we suppose that |

when combined in the picrylnitraniliue also remains unaltered dur:
I have no proof, however, that the introduction of two nitro-groups into the inono-

mtrophenyl-group does not exert a displacing action on the members of the

Qg the paradibrombenzol, I find that the relative amount
formed are not constant. This seems to depend on the strength and the amounts
of the acids used as well as on the duration and temperature of the heating. 1

able to produce m rill.
"^

*X&
° ^ '

interesting field is opening in regard to whether several isomers i
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A Iphapicrylbetapicrylamine.

Preparation.—The alpl ai icryl metanitranil n was added in

small portions to a cooled mixture of' equal volumes of fuming
nitric and concentrated sulphuric acids. The liquid became
hot, and a violent reaction set in. After the reaction had sub-

sided, the liquid was poured into cold water. A bright sul-

<.v cream was in this manner obtained. If, however,

the acid solution is boiled for half an hour, the substance is

completely destroyed, and, on pouring the liquid into water,

only a resin is obtained.

After washing out the acid with water, the cream was well

extracted with alcohol, by which means a resin, giving a deep

d solution, was removed.. The substance was then

dissolved in boiling glacial acetic acid, and precipitated by

concentrated chlorhydrie acid, well washed with dilute chlor-

hydric acid, dissolved again in boiling glacial

boiled some time with animal charcoal, filtered, and allowed to

Analysis.—A portion of the substance was purified by crys-

m from glacial acetic acid, dried at 100°, and submitted

to analysis.

0-2876 "grms. of substance gave 0'3490 grms. of CO 2 and

0-0404 grms. of H 2 0.
,

-

d

0-2924 grms. of substance gave 0'3538 grms. of CO 3 and 0-0404

grms. of H 2 0.

( C 6H*(N02
)
3
/?

The formula N 1 C6H2(N02) 3a=d 2H 6N 7CM2

H _ .

H=l-13 1-56 1<53

Soluhility.-It is almost insoluble in hot water coloring it,

however, slightly yellow. Chi-
acids do not increase its e tbilta i? ater. In hot amyl and

e%l alcohols it is almost insoluble, hardly soluble in ether,

carbon tetrachloride, carbon disulphide, and chloroform in

cold glacial acetic acid, difficultly soluble, in the hot acid, it

dissolves eusilv 1
olaDle.

_

la aqueous ammonia. > dmm audp.ra~M.un hydrates, it dis-

solves easily with a superb scarlet color.

careful crystallization from glacial acetic ami. it
:

can.be
obtained in small transparent glittering crystals It tuses aj

2
?
l ° to a ' L nid

giass. By touching it with a hard object when m a liqmu

state, it solidifies to°a yellow amorphous mass.
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Vapors of ammonia turn it scarlet By boiling with mode-

rately concentrated solutions of sodium and potassium hydrates,

it decomposes with evolution of ammonia. In an aqueous

solution of sodium carbonate it dissolves easily, forming the

sodium salt.

By addition of water to the boiling glacial acetic acid solu-

tion, a thick precipitate is formed, which, after crysti

from glacial acetic acid, showed a fusing point of 205°, and on

analysis proved to be the original picrylmetanitraniline from

which this dipicrylamine had been prepared. By the

then, of water, to the bo&\ '/ acetic acid, the alpha-

betadipicrylamine loses two nitro-groups and is converted bach into

the picrylmetanilmii iline.

The dipicrylamine does not explode by percussion. If

heated, it puffs with a white luminous flame, and leaves a light

porous coal. It explodes with, violence when thrown on a

hot platinum foil.

Alphapicrylgammapicrylamine.

Preparation.— This compound was prepared by nitrition of the

picrylparanitraniline in the same manner as in the case of the pre-

ceding compound. On pouring 1 ire into cold

water, the substance separated as a light greenish-yellow cream.

After extraction with alcohol it was" crystallized" from glacial

acetic acid, dried at 100°, and analyzed.'

0-2836 grras. of substance burnt with lead chromate gave 0*3480

grms. of CO 3 and 0-0436 grms. of H 2 0.
0-2792 grms. of substance gave V=54-3c.c.[B= 756n> ro

; /=22°J.

C=r32-80 32-08
H= 113 1-70

N=22'32 .... 21-91

Solubility.—The solubility is about the same as that of the

preceding compound.
Properties.—Small transparent glittering light-yellow prisms

with a green reflex. It fuses at 230° with effervescence and
decomposition. It puffs on being heated, and explodes with

violence when thrown on a hot surface. With alkalies, it

behaves like the alphabeta-compound.

I have already mentioned that these compounds, particularly
the dipicrylamines, give fine scarlet colors with alkalies.
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According to Hofmarm, the mono- and dinitrophenylamines
lilar ones. This fact was substantiated by Clemm.

I find that these colors are caused by the formation of salts

of the nitrodiphenylamin.es. The hydrogen atom of the imido-
group has become so negative by the introduction of the nitro-

groups, that it can easily be substituted by basic atoms. It
reacts easily, indeed, with carbonates of the alkalies.

Of the numerous salts of these compounds which I have
prepared, I have as yet had time only to investigate one—the
barium salt of the alphabetadipicrylamine.

Barium-alphapicrylbetapicryldiamine.

Preparation.-—The a yS-picrylamine was added to an aqueous
pap of barium hydrate (or carbonate). The dipicrylamine dis-

solved immediately with a deep intense red color. The solution
was boiled for a few minutes and then evaporated on a water-
bath. After a sufficient concentration had been obtained, the
solution was allowed to stand. A beautiful crystallization of

dark-red needles was obtained. They were purified by
repeated crystallization from water.

A?ialysis.—A portion of the needles were dried at 100° and
mixed with sodium carbonate and citrate. Some sodium car-

bonate was then fused in a platinum crucible, and the mixture
added to it in small portions. The resulting solution was kept
in fusion about five minutes, and then allowed to cool. After

( im .-1.1 it w:i.» .1'—hvd m vrr\ dilute cblor-

_. and pre-

cipitated with sulphuric acid.

04012 grms. of substance gave O0908 grms. of BaSO 4
.

j C6H2(NO*) 3
/?

TWo™ulaBaj» tePft=C»Ha*..O..B.
]C 6H2(N0 2

)

3 a

Ba=13'52 13-30

.
The reaction by which this barium salt is formed is very

simple

:

2(NFI[C'H3 (NO^) 3

]

2)+Ba(OH) 3=Ba[N(C»H3(NO ;i

)

3

)

3

]

a+H sO
Solubility.—tyute easily soluble in boiling water, less so in

alcohol.

Properties.—Small, dark saffron- red glittering needles. It

seems to have enough basic properties to form saltfl with

-. Tins mtV.,vs!inir fact I li<>|>e shortly to prove. If

Jf
be brought into a flame it explodes in a remarkable manner,

-

beautiful barium-flame. Thrown on a hot surface it explodes
Wlfch great violence.
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With the hydrates and carbonates of the metals, the dipieryl-
amme yields in the same manner Bne salts.

The most beautiful salt which I have yet obtained is the
a!!ii!

'
m os in superb

intense red transparent rhombohedrons (?'). Whether it is

!

,ll '

1:r ''- ] "i' only isomeric with the dyestuff •' Anrantia," which
is now produced on a large scale, I have not had an opportu-

By treatment of the sodium salts of the dipicrylamines with
picrylchloride, a reaction takes place doubt h— . it , th. iorma-
tion of the tertiary picrylamine, N(C 6H*(N0 2

)
3

)
3

.

Immediately after the publication of my preliminary notice,

nmounced some new nitrodiphenylamines which he
i! by nitrition of m the rnethyl-

c 1 '"'
'

mn - '
'n elimin.'Ht'd during the operation.+

The following table will show the various nitrodiphenyl-
amines known, their method of preparation, and properties.

( c*h* Hofmann, HNO3 on

(CO.C'IP
^"*0 ^CO.CH'

, pejjs Light-yellow crystals.

"H'(NO-0

--;:
Deep yellow cry

with metallic blue

T-yeUow
-0

_ Clemm, C«H^NO*)JBr on C«H*

solution of aniline. Fuses at 156

* Ber. Chem. Ges., yii, 1399.

~15

dinhln
e

i

ell,nmat
!

on of a group during nitrition is quite frequent. Tribrommetbyl-

"•vrt with the sulpho-group d S.ilphonic acid

:.
.

.

'
' :

;

v

i-

:

.

... , .
... ....^

;-

* .'. ,. .: ' .,•:.:<;

"'.:'. /,.-': '
;

-

'

r.:-r ',
'.

.'".

.
-

' -- '
"'

'

: ^ '-

""' ; "J
dues of diphenyl, Fittig (ibid., cxxiv, 275)
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(C«H5 Do., C 6H2(N02
)

3Clon C 6H5NHS
.

VI. N
] C

6H2(N02

)
3
a C'2H8N40«

ins. By reflection

scarlet-red; byleft
yellow. Puses at 175.

(
OH^NO2

),,, Austen, CH'fXo ) Br on m
NJC*H»(NO»)»» CiaH8N4 8

Fuses at 183°.

VIII.
( C«H4(N02

)P

N^C*H3(NO% C 12H8N4 6

Do./ril (XD I'-Broii .-nitran-

powder. Easily soluble in cold

glacial acetic acid. Fuses at 1 8 1°

.

( C6H4(N02
),»

Do.,C6H2(NO .

IX. N-{C«H*(NO*) s
„ C 12H'N6 8 iline. Heavy cryst. yellow sand,

(H
S^pSSJrt

t

2

ra

5

°sparent Clys"

X.
( C

6H4(N02
)„

NJC«H2(N0 2
)
3
a

( C«H2(X02
)
3
/3

C 12H'N5Os
Do., C6H 2(X02

)

3Cl' on^-nitran-

iline. Red crystaUine powder, or

Fuses at 216 .

XI. N^C<>H2(NC2y< C 12H5N 7OI2 261°. Impalpable bright yellow

(h powder or small transparent glit-

XII. .T
(™(NO^y tering yellow crystals.

NJC«H:2(N02
)
3
ft C 12H5N 7 12

transparent glittering bright yel-

low prisms with green reflex.

XIII.

1 cm*(xo*)*3

BJN}C«H2(N02
)

3
a^jNlO^fNO2

)
3*

} C»H2(N02)^

Do., Ba(OH)2 on XI. Dark
24HsN 14O24Ba gaffron-red glittering needles.

Explodes on heating.

XIV.
(C«H2(N02

)
3 ?

NJC6H2(N02
)
3 ? C 12H6N'0 ,s

Gnehm, nitrition of diphenyla-

mine. Transparent light-yellow

prisms. Fuses at 238°.

XV.
(C6H2(N02

)
3 ?

N < C6H2(N02
)
3 ? c 2h8nw2 Do., NH3 on XIV. Beautiful

(NH4

XVI.
(C 6H2Br,N02

)
2 ? Do., nitrition of HN

j C sH3Bj*

N-{C6HiBr(N02 '/! ?

•(H
C 12H5N 6Br2C S

Yellow pearly leaves or rhombic

tablets. Fuses at

Austen, C'lF.NH2 on

XV n,
jCW(NO^Br? **JBT'

C ,2H8X3Br04

Beautiful red-orange, fine hairy

needles. Fuses at 120 . (This

xvm ( C«H
2(N02

)

2Br ?
X < CH^NO2

)
2 ? C i2H5N5Br08

JO
Do
na
niSiin

8

of XVII. Small

XIX.
JC'H3(N02

)

2 ?
Wilgerodt, «-C6H3(N02

j
2Cl on

N^OIF.CW.NH2
?

(H
C 18HI4N4 4

red needles. Fuses at 255°.

(Ber. Chem. Ges., ix, 977.)

Do., formed with XIX. Yel-

low pulverulent. SoL in cone.XX (C^ffYNO2)*?

NJCW.CW.NII C«II3|C24H>«N6 8

! XO- on anili

dies. Fuses at 108-5°.



', Clarice—Note on Mineral Analysis.

Art. XXXIIL—Note on Mineral Analysis; Notes upon some

Fluorides; and Note on Molecular Volumes; by F. W. CLARKE,

S.B., Professor of Physics and Chemistry.—Laboratory Notes

from the University of Cincinnati. Nos. I to III.

I. Note on Mineral Analysis.

In 1868,* the writer called attention to the fact that certain

very refractory minerals are easily rendered soluble by fusion

with a mixture of sodium fluoride and acid potassium sulphate.

He now finds that in many cases, and with but little loss of

power, common salt may replace the fluoride, the mode of

manipulation remaining the same. The finely pulverized min-

eral is to be mixed with three parts of the chloride in. a

platinum crucible, and the mixture covered with

fifteen parts of the acid sulphate in small fragments.

r an ordinary Bunse 1
i'> ilame.

aplete. The fused mass, after

cooling, detaches readily from the crucible, and shows upon

its smooth under surface no traces of un decomposed assay.

This method is not by any means equal to the original

process with sodium fluoride, either in speed or in g*

of application ; still, in some cases, it is convenient. Sodium

fluoride is expensive, and not always immediately to be

obtained; hence the desirability of a substitute. Perhaps my
new observation might better be stated thus: that whenever a

mineral is resolvable by fusion with the acid sulphate alone,

the action is very much facilitated by the addition of common
salt.

The new fusing mixture will probably prove to be most

serviceable in the analysis of refractory iron ores and of

chromite. The latter mineral, after fusion with chloride and

bisulphate, furnishes a green mass completely soluble in dilute

hydrochloric acid. Or this mass may be treated directly with

strong nitric acid and potassium chlorate, after the method of

Storer and Pearson, and all the chromium oxidized at once to

chromic acid. Precipitation of the chromium as
chromate is then possible, but not wholly convenient. Several

unsuccessful efforts were made to carry out the ox
the chromium in the course of the fusion itself. With the

pari

fr;K-t
:

fluoride or chloride, sodium nitrate or potassium eaJ

ts mixed. Then upon fusing with the acid sulpha

oxidation ensued, but in no case did more than a sm;

of the chromium seem thus to be affected.

* This Journal, March, 1868.
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II. Notes upon some Fluorides.

Nickelfluoride.—-This salt was prepared by dissolving nickel
hydrate in aqueous hydrofluoric acid. Upon concentrating the
dark green fluid agranular mass of crystals separated out ; which.
according to water (let Mr John Hagemann,
had the composition NiF

3.3H 3 0. The last portions of water
were retained up to the temperature of 130°. Percentage of water
found, 35-98

; calculated, 35-81. Specific gravity, 2 014 at 19°.
The anhydrous fluoride, NiF

3 , had the density 2-855 at 14°.

These specific gravity determinations were made in an ordinary
specific-gravity bottle, chloroform being the liquid employed.
On two accounts these observ _r. First,

because the hydrated salt is evidently new, the crystallized
nickel fluoride described by Berzelius having contained but
two molecules of water. Secondly, the molecular volume of
the water in this new hydrate is" 13"65 ; corresponding very
closely, with the average value of 13 -76, deduced bv the writer
from the study of over thirty different salts, and stated in his
paper of two years ago.*
Attempts to prepare a double fluoride of nickel and silver

met with but indifferent success. In several experiments the
mixed solutions of the two fluorides yielded upon concentrating
only the nickel salt alone; the silver compound apparently
decomposing. In one instance, however, pale apple-green
needles were deposited, mixed with some microscopic rhombo-
nedrons. Upon recrystallizing, about two-tenths of a gram of
these crystals were obtained, both forms being represented, and,
to the naked eye, both consisting of one and the same substance.
A qualitative examination showed them to be a true double
fluoride of nickel and silver, highly hydrated ; but not sufficient
m quantity for a thorough analysis. The silver in them
amounted to a trifle less than twenty per cent, a proportion
which agrees with no probable formula.

.
?inc fluoride.—The only new fact forme to record concerning

this salt is its density. Two distinct samples of the crystallized

compound, ZnP
3.4H 2 0, obtained from a solution of zinc in

Mfofluoric acid, gave respectively 2%567 at 10°, and 2*535 at

V • The anhydrous fluoride gave in one experiment a spe-
cific gravity of 4-556 at 17°, and in another 4-612 at 12°.

J-hese figures are noticeable from the fact that they do not
agree with the usual molecular volume of water of crystalliza-
tjon. They yield a volume of water ranging from 114 to 11-8

;

fn amount considerably below the usual value. I will not now
hazard anv conjectures as to the meaning of this apparent
exception."
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The writer has also determined the specific gravities of

several alkaline fluorides, as follows: Lithium fluoride, 2*296,
21-.V: sodium fluoride, 2'558, 14-5°; potassium fluoride, 2-096,
21-5°. According to Bodeker, potassium fluoride has a density

at 12°. Theoretical considerations, to be cited in the

third part of t! is
j ap< r, sustain the lower value ; - obtained by

l fluoride, made i

ntity of material, may not prove to be wholly trust-

It gave a specific gravity of 3-102 at 17°. Eubidium
carbonate was dissolved in hydrofluoric acid, the solution evap-
orated to dryness in a platinum dish, and the residue fused i

a heat just below redness. The molten fluoride was so trans-

parent as to be almost invisible in the vessel containing- it : but
upon cooling, it became white and opaque, and contracted so

strongly as to split up into several fragments. This salt is ex-

tremely deliquescent.

Attempts to prepare fluorides of gold and platinum were wholly
unsuccessful. Still, results were obtained which may be worth

ution of gold chloride, silver fluoride i

by double de oposition silver chloride
might be thrown down and gold fluoride formed. In fact,

however, there fell a pale-brown precipitate which grew rapidly
darker in color, and which consisted of silver chloride mixed
with gold oxide. The reaction mav be expressed as follows:

2AuCl
3 +6AgF+3H 20=Au 2 3 + 6AgCl+6HF.

With platinum tetrachloride and silver fluoride a pale-yellow
precipitate was formed, containing platinum dioxide, thus:

PtCl
4 +4AgF+2H 20=Pt0 2 +4AgCl+4HF.

The same precipitates are formed when silver nitrate is used
instead of fluoride, nitric acid being set free in place of hydro-
fluoric. This has long been known, the reactions being new
only in so far as they involve the effect of silver fluoride. This
statement is made so that perhaps some ot

3 expert

o that perhaps some other investigators may
ed from tedious and fruitlei

III. Note on Molecular Volumes.

Several years ago, in a series of papers upon atomic or molec-
ules, I pointed out some curious multiple relations

J both elements and compounds.* For example, I

i a simple relation of this kind connected thi
metals with each other; and, later, that the haloid salts of

some of these metals had moleeu
; ies of that

of hydrogen. For this latter relation, however, mv material*
were meager. I had then the specific gravity determinations

* This Journal, March and May, 1869; September, 1870.
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for LiCl, NaCl, KC1, NaBr, KBr, Nal, and Kl, or seven com-
pounds in all. To these I added, though unsatisfactorily, the
corresponding salts of silver, making a list of ten bodies closely
related, and giving volumes multiples of 5-5. the value assigned
by Kopp to hydrogen in its liquid compounds, at their boiling
points. This relation I am now able to extend, partly by new
density observations of my own, to include at least twelve
compounds not in my earlier list.

My own determinations, in addition to those I have already
given for the alkaline fluorides, are as follows: Rubidium
chloride, 2-209, 19°; rubidium bromide, 2'780, 17-5°; rubidium
iodide, 3-023, 22°; lithium bromide, 3-102, L7

J

; lithium iodide,
3-485, 23°.

Now let us tabulate the material. The first column contains
the symbol of the substance, the second its density with author-
ity given, the third its molecular volume as found, the fourth
its volume calculated, the fifth a theoretical density deduced
from this volume. The calculated volumes are of course the
exact multiples of Kopp's hydrogen value, and will be seen at
once to agree closely with the results of experiment. The real
variation between fact and theory, however, will be best seen
upon comparing the two columns of densities. The differences
here are always less than 0"1.

I. II. in. IV. v.

LiF. 2-295, Clarke. 11-33 1100 2-363

1-998, Kremera. 21-27 1-932
Li Br.

Li I.

3-102, Clarke. 28-05 27-50

38-50 3-481

1650
NaCl. 2-145,' Buignet. 27-27 27-50
NaBr.
Nal.

3-079, Kremers. 33-00 3-121

3 450, Filhol. 43-48
2-096, Clarke. 28-20 27-50

KBr".

KI.
Kb p.

1-945, Kopp.
2-672, Flayfair, Joule. 44-57 4400 2-707

3 056, FilhoL 5435
33 00

Rba 55-00 2-200

RbBr. 5953 60-50 2-735

Jlbl. 3-023^ " 7029 71-50 2-972

have sixteen compounds
' which agrees with the rule.

sn:,k

molecular volu^wmes outTa mult^leof' 5t, „.

Un 'y one substance in the list seems to be in any way abnormal,

rubidium fluoride, with its volume of 83. The other
fluorides in this group have volumes less by 11 than those of
™e corresponding chlorides, but f

"
££

- A curious progressive relati

, _j the differs

i also worth noting.
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we compare the five chlorides given in the table we shall see
that upon arranging them in the order of their molecular
weights the differences between successive members of the series

increase as we ascend. Thus LiCl and NaCl differ by 5-5,

I KC1 by 11, KC1 and RbCJ by 16-5. This regular
difference-increase is certainly suggestive of some law yet to be
clearly made out
A similar relation to Kopp's hydrogen volume is also af-

forded by the two other compounds. Sodium hydride, Na
3
H,

discovered by Troost and Hautefeuille * with a density of 0-959,

has a molecular volume of 491, or very nearly 5'5x9. Still

more interesting is iodine monochloride, so carefully studied by
Hannay.f At 0° the solid substance has a specific gravity of

3-263, and a molecular volume i ing only 0*3

from a multiple of 5-5. At 101° the chloride boils, and at 98°

its density is 2'958, having a volume of 54-9. Probably an
absolutely correct determination at its boiling point would give
a value of 55. So we may say that iodine monochloride, both
as a solid at 0°, and as a liquid at its boiling point, has molec-
ular volumes multiples of that of hydrogen.
As for the haloid salts of silver, they cannot with certainty

be included among the substances connected by this multiple
relation. The fluoride agrees fairly, however, having a density
of o-8o2, Gore, and a molecular volume of 217 instead of 22.

I he chloride and iodide may be forced to agree by selecting
out the density determinations of certain investigators, and
rejecting other decidedly discordant data. The bromide does
not agree at all. A determination of my own for precipitated
AgBr gives a density of 6*215, 17°, and a corresponding volume
of 30-25. Other determinations are even more discordant than
this. Silver salts generally have molecular volumes equal or

nearly equal to the corresponding sodium compounds ; that of

sodium bromide being 33'0. Silver fluoride, it will be seen,

diverges also from the sodium salts. For thallium, our data
are insufficient. Its monochloride has a molecular volume
approximating to a multiple of 5

-5, but not closely enough to

be satisfactory. The sesquicbloride does not even approxi-
mate. At some future time I hope to be able to revise and
extend our specific gravity determinations for this class of
thallium salts.

Now to sum up. Including the silver and thallium salts we
know the densities of twenty-five substances containing only
univalent elements. Of these, twenty have molecular volumes
multiples of that of hydrogen, three are doubtful, two appar-
ently disagree. We may, therefore, safely assert the following
general law, subject to possible exceptions. Every compound

* Compt Rend., vol. Ixxviii, 970. t Jour. Chem. Soc, H, xi, 818.



A. H. Chester on Variscite from Arkansas. 295

containing only elements of the hydrogen group has a molecular
volume an even multiple of that -f hydrog> n. This is probably
but a hint of some more general regularity connecting other
elements and other groups.

pub
hi.—Since the above pages were written, there has
lished by Johnson a density determination for potas-

iodide, KI
3 . (Chem. News, xxxiv, 256.) This deter-

mination. 84!^. corresponds to a molecular volume of 120*1.

121 is an exact multiple of 5*5, and gives a theoretical density
of 3 472. The multiple relation now holds good in twenty
cases out of twenty-five.

Art. XXXIV.— On the identify of tin. *,-r df, 1 Pegan ite ofArkan-
sas with the Varisnitr of Brathaupt and Callaimle of Damour ;

by Albert H. Chester.

A number of years ago I obtained some specimens of a

mineral, said to come from Colorado, which, after a hasty ex-

amination, was called peganite. More recently, I have received

specimens of the same mineral from Montgomery County,
Arkansas, from which locality the first undoubtedly came.
Analyses were made of both, with the results given below

;

No. 1 is of the amorphous mineral, and No. 2 is the average

alyses of the crystalline variety. It was found impos-

separate it from "the quartz \
sible to separate it from the quartz with
and a considerable quantity of the latter substance is unavoid-
ably included in each analysis.

Phosphoric acid... 13-08 22*36

Alumina .. • 9*59 15*72

Water 7*08 11*89

Insoluble residue 69-69 49-86

Total, 99"44 99 "83

Deducting the insoluble residue, and calculating to one hun-
dred percent, we have the results below in columns 1 and 2,

while 3 gives' the average of the two, and 4 the oxygen ratio.

Phosphoric acid 43-96 44*74 44-35 5'05

Alumina.... 32-24 31*46 31*85 3'00

Water 23*80 23'SO 23"80 432
In four other analyses the ratio of water to phosphate of

<^mina was found to be 1 to 4*04, 426, 4*01, and 4*23. The
formula for the mineral must then be A1 2 3 , P 3

0.,+4H
2 0,

*

making it distinct from peganite, with which it has been con-

A*. Joub. Sci._Thibd Sebibs, Vol. XIII, No. 76.-Apbil, 1877.
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founded. Its composition, moreover, is identical with that

obtained by Petersen for the variscite of Breithaupt, and

closely corresponds to that of the i <f Damour.

Analysis 1. bel.uv. is h} Petersen f.Ta .rb. Mm.. 1871, 357) of

variscite from Messbach, in Saxon Voigtland ; and analysis 2,

one given by Damour (after the deduction of 2-10 p. c. of sand),

ofcailais:
1 2

Phosphoric acid 44-05 43-31

Alumina 81*25 30-09

Iron sesquioxide * 1*21 1-86

Magnesia 041
Lime 0-18 0'70

Total, 99-95 100-00
1 With Cr 2 3 and FeO.

Both of these analyses agree closely with the formula given,

A1,0„ P.,0
5
+4H„6, which requires: phosphoric acid 44-80,

alumina 3249, water 22-71= 100. The mineral from Arkansas

trite of Damour should consequently be in-

cluded under the name variscite, given in 1837 by Breithaupt.

The mineral occurs in crystalline crusts on quartz; also

rarely in distinct crystals of very small size. These belong to

the orthorhombic system, showing prismatic and basal planes.

The crust often presents a semi-globular form with a radiated

structure. It also occurs amorphous and disseminated through

quartz. The colors observed are deep emerald-green, though

all shades of bluish green to almost colorless. Some crystals

are dark in the middle, and light at both ends. It is trans-

parent to
*

-.and has a hardness of about 4.

Before the blowpipe it becomes opaque, friable, and of a deep

purple when hot, lighter purple when cold. In the glass tube

yields much water and changes in color as above.

Chemical Laboratory, Hamilton College, Clinton, N. Y., Feb. 12.

Some years since I obtained, while visiting a silver mine m
Utah, specimens of a fibrous mineral
proves to have the composition of sepiolite. It occurs in a

seam about two inches in thickness cutting across the rock

"strata and vein at nearly right angles. The following
give the composition of two varieties, one of which
and the other bluish-green ; 1 is the mean of four analyses of
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Iron sesquioxide 0*70 1 -02

Manganese sesquioxide . .. 3-14 2-09

Copper oxide 0-87) „. 6-82)

Magneaia_., 22-50) ' 18-29)
Water 9-90 1'92 9'30 1*88

Moisture 1 8'80 10-32

One half the water is driven off at a temperature of 100° Q,
and very little more is lost even up to. 200° C., and a full red
heat is required to expel the last traces. It is hence probable
that the moisture which goes off below 110° does not belong
to the mineral and should not be regarded in deducing the
formula. The formula obtain.. I is 2M.M >. :^i0

2
+2H,0, which

is identical with that of sepiolite, of which it is a new and inter-

esting variety. Its blowpipe characters, and its behavior with
acids are the same as those of sepiolite. It gelatinizes with

hydrochloric acid though not entirely decomposed. The green
variety, as shown in the analvsis above, contains considerable
copper, which is obviously the cause of the color, and which
seems to replace the magnesia in the composition of the

Hamilton College, Feb. 14.

Art. XXXVI.—On Dr. Peales Xot.es on the Age of the Rocky

Mountains in Colorado; by J. J. Stevenson, Professor of

Geology in the University of New York.

" I have read Dr. Peale's notes with a good deal of care, but
his long discussion of my conclusions contains very little m
the way of direct a riri im Jut which seems to me to call for a

reply. At the same time it is necessary to correct some of Dr.

Peale's statements, which, no doubt without any such intention

on -bis part, certainly tend to give a false impression respecting

' facts and my
]Th,

hrd paragraph
.« ^3 datTaTsufficient to extend his generaliza-

bons to the entio II.. -V M-- mi in Svstem, I. on the other

hand, feel no sin lata, which were

Procured within a smaller area. The opening paragraph of

^ap. xvii of Wheeler, vol. iii, contains a full statement of my
Pmion concerning the value of my data.
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The second of these is on page 174, in the third p
There the statement is made that the Trias is present in Booth"

western Colorado and northern New Mexico, and the testimony
of Dr. Newberry, Prof. Cope, Mr. Holmes and Dr. Peale is

offered to prove the truth of the statement. This effort to

show the existence of the Trias there, taken in connection with

the tact that no reference is made to my mention of the group
in that region, is very apt to leave the impression either that I

failed to recognize the group or that I had denied its existence;

which would be an error in each case. The occurrence of the

Trias i i that region is used as a strong proof that Trias occurs

in the interior in opposition to my assertion that the group is

absent in the interior. . With all' due respect for Dr. Peale's

judgment, I submit that the presence or absence of Trias in

New Mexico or southwestern Colt a to do with

the " interior," as those districts are outside of the flexed

, w 176, but begins at the bottom
of page 175, where the statement is made that my conclusions
in favor of upheaval at the close of the Trias, are based upon
unconformability observed at Golden, near Colorado Springs,

near Canon City, and also in Huerfano Park. Dr. Peale at

once settles the question here by showing that there is no

proof of non-conformabilitv at either Golden or Colorado
- that, as I had made a mistake at each of these

there is every reason to believe that the same mis-

take was made at the other localities. Now I grant him all

he says about the conditions at Golden and Colorado Springs;
the groups are not in direct contact there, and consequently no

proof of non-conformability can be found. But that does not

concern this matter in any way. As I made no reference to

either Golden or Colorado Springs in this connection, I, of

</"'ir-.\ made no mistake respecting them, so that Dr. Peale's

frith regard to the localities to which I did refer, is

- atuitous.

The fourth of these statements is in the paragraph beginning
at the bottom of page 179, and continuing almost to the bottom
of page 180. The n

iV.. even by the use of the

For the sake of

,-igi .ph

wuuiu mm uimcuny, even by
''

-
.

in callim/ it inoenuous. F<
uding confusion, as well as for the sake „. ,

would have been " best to state" in the text that " Ynl
regards as Cretaceous" the debatable lignite group

- i- Lo . . T t ar\. B in.-d - th -

v overlooked, and the
remark on the following page '! that there was no marked
action until the close of the Lig n with the
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context, readily appears to contradict the quotation from my
report on page 179. But there is no difference between Dr.

Peale and myself. When I wrote that chapter in 1874 I re-

garded the whole Lignitic group as forming the closing portion

of the Cretaceous. So I considered the period of accelerated

upheaval as occurring at the close of the Cretaceous, that is, at

the close of the Lignitic group. Dr. Peale places the action at

the same time.

I have no additional facts to offer in support of the provi-

sional- conclusions which I offered in the report to Lieut.

Wheeler. All the material in my possession is given in that

report and the synopsis of that, which seemed to have a bear-

ing on the age of the system, is to be found in Wheeler, vol.

iii, Chap, xvil Nor am I likely to secure any additional facts

either pro or con, as there is no probability that I shall have an

opportunity to revisit the Eocky Mountains for a number of

New York, March 9th, 1871.

SCIENTIFIC INTELLIGENCE.

I. Chemistry and Physics.

1. On the Velocity of Chemical Heactions—BoovsKX and

Kajaxder have continual th. «x
}

, in. it- .-mmm-i vd U flu;

former to ascertain the velocity of chemical reactions. Boguski

defines' velocity of reaction by supposing that u=f[a r/3 ,
"

3 ,

aH, t), in which u is the quantity of the new body pro-

duced in the time t, and a„ «„, a 3
a. *e co

der which the reaction takes place. Hence the first differential

coefficient, ^/=(«,, a2 , a % . . . a„ t) represents the reaction-

velocity under the conditions given. It remains to find the form of

the functions u and — . Since all the conditions must be exactly

measurable and expressible in numbers, the author chose for ex-

periment the action of
bles-thet. fl ntr-vnti* snrfe

acted on and the concentration of the solution. " t oncentration

is used to express the value given by the formula D.^.y-. lu

which D is the sp. gr. of the solution, p the percentage content of

Jbe body dissolved" and M its i:.

' the num-

ber of molecules of this body in a unit of volume of tm
is directly proportional to this value, if V represent the volume

in e.c, the formula V.D.^.-^-=y represents the concentration
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used in the experiment. Two modes of stating the results are

proposed: 1st. that the quantity of the new body formed in an

intiniteh -i, .r tim. - pi -p. riona] to i he c> . ntrati m // at that

time; or 2d, that this quantity is proportional to the number of

molecules „f the liquid which act upon a unit of surface of the

solid. Taking the reaction bet* .-;<• acid, and

assuming that a unit, of zinc surface dips in a unit of volume of

the acid, the first hypothesis is expressed by the differentia! equa-

tion d[E
2
]=kydt," m which d[H

2 ] expresses the quantity of

hvdi Li'en set frei in th infinit ly sn '

ii ue dt, and k is the pro-

portional coefficient. Since 49 parts of H ,Si > are required to

evolve 1 part of H, we have [H 2]=-^[H s
SO_4]=-^- Dif-

Bg, dfHt]=—-fady. Equating with this the above ex-

pression for d[B 2 ], we have — = - 49kdt. By integration be-

tween the limits yt
and y , the value of yt

can be obtained ;
and

by substituting this value for >/ in the first equation given above,

/»[H,1 *t ...

J d[E 2]z=ky / e~^U dt, there is obtained [H 2]= ¥V2/o

(l-e-&kt)=T\(yQ -y(), from which fc=I.I."l comm. log. ~.

The experimental results with zinc and sulph n > id n b :_

uniform. !!!<• author t.M k Carrara marble and hydroch
the marble parallelopipeds being accurately measured. !;

r «m

this the Burface-area so the volume of liquid

required to give a unit of volume to each unit of marble surface.

The concentration of the acid was determined \, :
,

giving y . The carefully weighed marble was placed in the acid

for a known time, then removed, washed, dried and weighed;

from the loss, the carbonic dioxide evolved and the acid consumed
were determined, giving yt

. From these data, by the formula

*==££AM log -^ , the value of ffifcM, and consequently of A, was

calculi ted Aa a mean of 53 well agreeing experiments, the

value of --*AM was found to be D-oiTOo. and of/ n-i.JU± >'' " -« r

20° and 760 mm. Since this value is constant, it follow

first supposition represents a fact, and that the quantity of carbon

• in a definite moment" of time
^

directly proportional to the concentration of the acid at that

Kajander, Boguski has now ox-

;her acids, using nitric and hydro-

e\p, laments The\ find tie \alue- \\
' '' ;l1 " 1

""
id 0-0185, being sensibly the same as

.,- these 'three acid- is

proportional to their molecular
.?[CO

a ]=_ =kydt, we have the velocity^ of the reaction

9ts
~\tt

' —ky- Consequently when different acids of the same
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concentration act upon marble, the velocity of evolution of carbon
dioxide is inversely proportional to their molecular weights.—
Ber. Berl. Chem. Ges., ix, 1 646, x, 34, Jan. 1877. g. f. b.

2. On the Equivalence of Nitrogen.—Ladexblku and Stkeve
have sought to throw some light upon the equivalence of nitrogen

by studying carefully and comparing directly the properties of

triethylbenzylammonium chloride and iodide on the one hand,
and those of benzyltriethylammonium chloride and iodide on the

other. The former bodies were prepared directly by acting on
triethylamine with bonzvl chloride in a sealed tube at 100°. A
white crystalline mass results, which is soluble in water, and is

easily crystallized therefrom. The platinum double chloride crys-

tallizes easily from hot water, and has the formula (N(C,H 5 ) 3

C,H
7
Ul)

gPtCl 4 . The iodide, obtained by the action of silver

oxide and hydriodic acid on the chloride, when its solution is

evaporated on the water bath, i- verv readily decomposed, yield-

ing irritating odors of benzyl iodide. The' second bodies were
obtained by acting on benzylamine with ethyl iodide at 130°.

The platinum double chloride gave the formula (XC 7
H 7 (C 2H 5 ) 3

Cl)
2PtCl 4 . When, however, aqueous solutions of benzyltriethyl-

ammonium iodide are evaporated on the water-bath no benzyl

iodide is formed even when the evaporation is carried to dryness.

This difference in the behavior of the two bodies leads the authors

to regard them as isomeric and not identical. The same conclu-

sion is drawn from the form of crystallisation of the platino-

chlorides, one being appai *e other ortho-

rhombic. From five bonds of nitrogen m
ammonium chloi the same value.--Ber. Bed.
Chem. Ges., x, 43, Jan. 1877. G-

F
-
B

3. Action Of ///,„;,„/ Xltrir ,,rnl Oil Codl <?««.—AkESTORIDES
has studied the' pr..du t~ obtained from coal gas bypassing it

through fumino- r o layer separated and crys-

tals began to appear. The heaw layer evolved on heating tor-

rents of nitrogen tetroxide gas, and on adding water, a yellow

b was nc
1

consisted of oxalic acid. The lighter rl

i Sly of 1

»oiling at 205°, the Mhcr at -'-/. I—in- n in- benzene ami u.iru-

toluene. A small .piantitv of a third body, boiling about 300
,

was obtained, pr< thafcne. In examining lor

the source of the author found
^.f

benzene gave noii
!!nr ;l,2' U f\

toluene and xvhi h and thylene afforded it

abundantly. Hence the '>' t0 Berthelot s

opinion, that et In 1 ., is m.i ed b uitri. . id and is oxidized

to^ oxalic acid; this substance being permanent even in fuming

acid.—Jm pK Ch u ^ j. Uh is:7 .
g. F. B.

+
/. Oh oxidize./ />/.W„ w,,/,/-/. - K. \- Mkykh has examined
tbe so-called oxidi • long known for its spec al

catalytic activity. It was prepared by precipitating a hot solu-
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tion of potassium platino-ohloride bv hydrogen sulphide, washing
the precipitate by deputation with hot wat.-r. and iri _ !•:

several days on the water-bath, during which latter process the
oxidation takes place. It appears as a heavy black powder,
which on continuous hating at or above 100° suffer-
" X!,lan "" I( tin h< in.,.

, , , 1. xv .,,
;
. i,so ,,...!,< m

ous and sulphuric oxides are formed. •. „i ;,!,ri , ,„ J. j..;;.' On
examination it was found to contain the elements of water; and
upon analysis two products were distinguished, one the normal

hydrate PtS
j
£**, the other derived from two molecules of this

by the loss of water,
£j| j

0°** The analytical results for the

latter were satisfactory ; but the former could not be obtained as
pure. The sulph-oxide (PtS)O does not appear to exist tree.
Ine author finds the body to be an . i„ r ,-ti. ..xidizei H,- v i.-ld-

mg
A i£?A

glving S°
3 '
HC1 evolvi"y rl

-
M1 pr-.du.-ino >!.\o,

'

.
-valir a-id giving C0

2 , ferrous being oxidized to
lerric salts, alcohol to aldehyde and t.,| „ „. -. i- ! in- benzalde-
hjde.~J.pr. (>/,., H, xv. I. dan. 1877. o. r. b.

5. Prepamtinn of <,!,,.;,/[;, ,„•;,/ /„, ,.,,/,„.,;„„ nf ()r,i'li<> will
-<-UMM.MYr.rs has succeeded in |»ro.i,„-i Iur o-] v ,.,/llic acid from

oxalic, by tin- action upon it ,,f nascent livdro-vn. The oxalic
Ived in water, was mixed with zinc turnings and heated

tor eight daj> m a water-'oath. The liquid was then filtered,
treated with milk of lime. a» iin filtered the excess of lime re-
moved by oxalic acid, boiled to destroy the glyoxylate, agafo
'*-;...,:.....

< / :• ,-

warty masses ,,.,.,, ,, uhi( , h H ., ^ , ;ke wax and which 0Q
analysis proved to be calcium -lv«-..llat.-. crv^n li/.-l with four
molecules of water. 1 - its were also prepared
and examined.—Bull. S,,r. Cf>., II. xxvii. ::. Jan. LR77. G. f. b.

6. On the Decomposition of f/„ <>;} . , /;, ,, >;.„ „t 1,'njh

tres.—Schuxtz has studied the products of the action of
high temperatures upon oil of tu, tabes and
heating them m a Hofmann furnace to a dull red heat. The oil

"tween 158° and 161°, and was caused r„ How into the
neated tube drop by drop. Carbon was deposited, combustible

"^•i «!!.!. vv,,v ,,., ,N: l „.-n!d.:„Ml a black tar
Collected m the well , led reeei

fractionated, and fe] |. The por-

200° afforded 1„ liZ , 1; ,

;
belowW, naphthalene; and that 'above :

1

F°b
ne ?* methyl-anthracene.—Ber. Berl. C'/iem. Get., x,



Chemistry and Physics. 303

acetyl, gives vanillic acid. Creosol is therefore parahydroxyl-
metamethoxyl-toluene. From phlorol, methyl-phlorol and oxy-
phthalic acid were prepared.

—

Ber. Bed. Chan. Ges., x, 57, Jan.
1877. G. F. B.

8. Measurement of High Pressures.—M. L. Caillktet has
recently constructed a manometer capable of measuring high
pressures, on the slope of a hill near his laboratory at Chatillon-

sur-Seine. The apparatus consists of a metallic tube 70 meters
long and about 2 mms. interior diameter. One of the extremities
of this tube is soldered to a reservoir of iron filled with mercury
and placed at the base of the hill. To the free extremity of the
tube a large glass tube is attached, which forms the upper end.

When the mercury contained in the reservoir is compressed, it is

forced up into the metallic tube so as partly to fill the glass tube,

which is fixed on a vertical plate. This portion of the apparatus
is movable, owing to the flea llio tube and may
be carried to one side and placed against either of several stakes

arranged along the slope and having indices distant from each
other exactly 760 mms. vertically. Fractions of an atmosphere

ed by a graduated scale resting against the stake.

pressure of thirty-four atmospheres may thus be obtained. M.
Cailletet proposes shortly to measure the compressibility of gases
at very high pressures by the aid of the shaft of a deep mine.
For this purpose it is onfv necessary to lower into the shaft to a

previouslv used

£
or this purpose it is only necessary 1

known depth a cylindrical' re

in testing the law of Mariotte. A small metal tube starting at

the surface is attached to the iron reservoir. When mercury is

turned into the extremity of the metallic tube, it descends into the

reservoir and produces a pressure which is transmitted to the gas
m the interior. This m-essmv is accuratelv measured by the dif-

ference of level , be two tubes. Thus with no
special apparatus and simply by the aid of mercury we can com-
press a gas several hundred atmospheres and at the same time

measure exactly the pressure produced.— Comptes B<wdus, Ixxxiv,

9- Diathermaneity of Metals and Paper.--M. Avmonnkt. from

Jw own observations, together with those of Wiedemann and
*ranz, on the rapidity with in of temperature
is established in bars whose roethYients of conductlbillty are

sought, arrives at the following conclusions:
_

1st. That metals and paper are not athermanoqs as is generally

supposed.

2<i- That they are more diathermanous for the obscure rays

emanating fro,,,* , Jit to a temperature below
1
,"
u than for the luminous heat ravs. or those near the red end of

the spectrum.
3d. That they have absorbent •-- '— t} ' :1

!'
that of water.^ complement of the inverse ratio which exists between the
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quantity of heat which penetrales normally into a body and that

which goes out of it in the same direction is here called the ab-

sorbent power.

4th. That it is possible to find a nni I • u i< il r< iti i 1 >
* \

«

the absorbent power of a body and its coefficient of eonductibility.

( 'ompf, s ]lt:il ,ius. lxxxiv, 259. e. c. P.

10. Licrea** <>r W, i.jht h,j < ;.u,h„*t;.„,.— M. A". Mi:\ i i: >«i--; y>

a form of lectun - mm • > \» riim tit 1 - -I. <\\ tin i i e-< «>t v< un'

in the combustion of a substance at the expense of the oxygen of

the air. Some years ago Professor Hoffmann showed a

method of demonstrating experimentally the increase of weight <>t

iron when burned in oxvgen, but there has been a- yet im siiiinlo

means of proving this fact for objects like a candle, which appear

to the eye to diminish. A candle is attached to each pan of a

balance, and above one a glass tube open at both ends i- buagi

at nearly the height of the wick. In this tube is a piece of wire

gauze holding some pieces of caustic soda; after bs

candles, one of the candles is lit, when the products of combiiv

tion are retained by the soda and this end of the beam d< soenfflfc

At the end of a quarter of an hour the difference in w&
amount to three grams.—Ber. Chem. Genell.Ax, L8G6; Bib. I »"'-•

11. Absorption of IJ.jht.—M. Lippioh of the Vienna Academy
' has recently been roves I b< a • an drataw e

of absorbent particles upon absorption. As such an
must be eg]

I en the substances i

defined absorption bands, and, with considerable densil

no strong colors, he chose for his experiments the nitrate «
didymium oxide, which has these properties in a high degree. A

• pretty concentrated aqueous solution of this suit, in a ves-ei ""

centimeter thick was spectroscopically compared with a solution

having a concentration of only 0*1, 0'05 of the first. T
tions were in tubes of ten and twenty centimeters severally- v

M metroscope was used, and the light sources were two gas

lamps so regulated that both spectra showed rite tan
on til,- parts that were free from absorption. Even with the con-

i ratio 1-10, there were marked differences i

tion bands. The very characteristic bands in the yellow and y.

'

low-green were, for the more concentrated solution, i

I toward the red end of the sped
limit toward the violet was the same for both solutions. A»e

much narrower band- ii th« ixreen -le.u .
I ,

I'* ' ! er part- did', r.-nccs vvci%- ,,b-ei'\ I Ii ditfb dt} " l
"

>i'l - tl - irl , i r
!

. br. idth ot tin ib-urption .and- t

2o8. ° 1

K . c. r.

12. Lipp.u, #„„.< EL. -feu,., t, >\—Professor Dewak exhil'hy-d
^

-im|.!e t leetrornetcr w hich i < ;

is not really independent of the temperature or condition of the
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surface, but is n function of the electromotive force,

tube be immersed in mercury, and dilute sulphuric
in the tube above the mercury, and a current from :

he so passed through the liquids that the mercury f<

tive pole, the column will be depressed to an extent
the diameter of the tube. In making an electrons

of mercury by means of a horizontal glass tube t

metal, except that it contains a bubble of dilute ac

in electromotive force equal to T ,-,-,', ,,„ °f

capable of decomposing water must lie

measured by causing two currents to act against each other.

The index bubble is brought to zero by uniting the mercury cups
hyawire. The apparatus is very convenient, as it requires no
preparation and is extremely simple in its action. He next showed\ ~:lnl e

ed by Mr. Tisl
" >m a small onnce into unu

iner the mercury and the i

«>" ni-Tniiiieiit aiTini-oi hv Air, 1 lslev for proilurne.
the dropping of mercury from a small orifice into d'i

acid
; if the vessels containing the mercury and th

i manometer suitable for in. isii ng ver\ >1ili t iriat >ns

nv. and he illustrated the use of it for proving Laplace's

1 pressure multiplied 1

t consists of a U-tube one arm of winch is

aoout fifteen inches Ion- and i> bent horizontally and levelled with
great care. If the shorter arm be connected with a tube on which
a bubble has been blown and the diameter of the bubble be varied,

the position of the extremity of the alcohol column will be found
to vary in accordance with the above law.—Nature, xv, 210.

13. EntwicJcelung der theoretischen Ansichten nherilU <jq:»t«rUn

^li>>yjel,-,rh;ndungen: von Gko. A. Smyth (of Amherst Mass ).

122 pp. 8vo. Berlin, 1876.— In the ab.

_ mic bodies, winch mav

'""I'Vis -r'„. <da 1 ,nl,,l -# t ,l,,/,

and* i ich

-'adds . the

, "JL
;V;-

; :l y-Liissao,

ftult, Berzelii



radical theory up to the time of Kolbe's modification of this theory,
and the hypothesis of copulation, the further development by

oi the radical theory in accordance with the ot<>„,;,<tl>

conception of combination, the typical theory and the copulated
compounds, the development of atomistic views of con
by the typici>:>. and the present modes of interpreting the copu-
lated compounds. At the close a chapter is added describing
'"" "y the discovery m.,1 the eharacter of the different classes of the

compounds, and more especially those of the

ids, their formation out of different groups of organic

number of sulph .-substitutions, their modes of forma-
tion, their metamorphoses through modifications of the inorganic
group, and their de,

the inorganic compound parts. In connection with this chapter
some points of theoretic interest, such as the constitution of sal-

hi, Kolbe's prognosis of sulpho-alcohols and aldehydes,

iently discussed in the main body
ot the work, are taken up.

Alter discussing the older modes of interpreting the sulpho-

were, from the insufficient data, necessarily

led to give any systematic explanation of the

action of H 2S0 4 upon organic bodies, the compounds being vari-

- of organic bases with -

-

theory of copulation, which was largely owing to the study of

-. the author next treats "of" the development of the

eonception of combination by Kolbe and Frankland in

the sixth decade, maintaining that ue'find lure the first satisfac-

tory explanation of the constitution of the copulated sulphur com-
pounds and the first conception of the sexivalence and conse-

ibte atomicity of sulphur. The reasons for Kolbe's

oi tic constitution c,f these bodies, as compounds of

laving exerted so little influence, and of his.

' ving established the hexavalence of e

ng been so generally (
rlooked

» ' "' ^ould not express his own views of chemical combination.
ch showed that his conception of atomicity, though

broadly stated, was not denned with sufficient sharpness and

typical theory' in its relations to the

npounds, which is the subject next mated.

ader is directed to the influence of G
- of the sulphochlorides and amid, -

tiotmanns preparation of numerous disuli
'

: " --—-..,..,. ..... ,,., .,;,
:

.-.; -.:>-

I" " -' - •'
'

•
• 1 -.

!

.

•-
.

--_:-.-":., '

-

SSSS^sn'^M" 1
')-

'"' tlu ' ^"'-'""tioii of H in the organic
radical by S02 , Mendius' view of the typical formula as an ex-
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Keku
mixed types, and the controversy between the champion
typical theory, being the subjects most prominently taken up.

The typical theory contributed, according to the view of the au-
thor, very little toward the advancement of our theoretic knowl-
edge of the copulated sulphur compounds!. It failed signally to

throw light upon the peculiar nature of the sulpho-acids, it proved
itself to be utterly unable, as the interpretations of Carius's inves-
tigations abundantly show, to explain any difference of constitu-
tion between the sulpho-acids and the inetameric hypothetical
primary ethers of sulphurous acid, while the adoption of complex
multiple and mixed types showed the fruitlessness of all at-

tempts to refer compounds capable of undergoing manifold reac-

tions to any typical bodies. Hut an atomistic explanation of the

copulated sulphur compounds presented peculiar difficulties to the
disciples of the typical school, as ir necessitated the acceptance of
a higher atomicity of the sulphur atom, and accordingly it was
not until the discovery of the true primary ethers of sulphurous
acid, and of the isomeric pbenole sulplm-acids, and furthermore of
the difference in constitution of these acids from the primary acid
ethers, that the typicists adopted an atomistic conception of coin-

After sketching the gradual development of atomistic and
structural views by the former tvpicists, as shown most promi-
nently in the attempts of Kekule to derive the copulated sulphur

Erlenmeyer of a for S, the author goes on to

compare the views held at present with those advanced by Kolbe,

endeavoring to show that the explanations of the chemical deport-

ment of the sulpho-eompounds now given are essentially the same
as those given by K.dbe, s.unetw. ntv vears ago, that these chemists
ditie-r however tn x ion of the consti-

tution of a body, and in their views as to the manner in which the

k-atorn is combined \\ ith t In organic radical. The latter difference

ofopinion is, ace, .
-.-ntial one, and he

although assenting to Kolbe's general views as to the chemical

constitution of a "body, does not hesitate to accept Butlerow's

definition of the sulpho-eompounds, i. e. as compounds ot a sexi-

\alent S, in w } u ,

•

.
.

organic body.

II. Geology and Mlnebalogy.

I. Note on the Age of the Crystalline Rocks of Wisconsin;

J Ror.A^D Irving. (Communicated.)—In a note on the " Huroman
•

r December last, Mr. A. R.

<^. oelwvm, cat i.
. v's reference of the Canada,

Wisconsin, and Michigan Huronian to the Lower Silurian, uses

»ie words: -'
If, however, it is an established fact that in Minne-

8°ta (Michigan?) and Wisconsin the same Huronian rocks are

^conformably covered by the Potsdam sandstone .... buch
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an unconformability in Wisconsin is certainly a fact, established
not by one or two instances, but by man v. 'The ex:..

J often to he seen, the almost loose
sand of the Potsdam, with numerous fossils, as also fragments de-
rived from the older rocks, lying upon and wedged in between

i ledges of Huronian quartzite, schist, or other rock.
Exactly similar unconformability is to be seen at the Dalles of the
bt. Croix River between the Potsdam and Copper 3<

i beds of the former, tilled with shells of Li
lying directly upon the columnar melaphyre (?) of the latter serial,

the two series being exposed. Tin- en *tallin<
rocks of VV isconsin include unquestionably two distinct terranes,
the one lying unconformably upon the other, as is
shown at Penokee Gap, on Bad river, in the Lake Superior country.
Here a white siliceous marble of the Huronian, overlaid by hun-
dreds of feet of distinctly bedded slaty rocks, and dipping north-
ward, is to be seen within twenty feet of large ledges of dark col-
ored amphibolic gneiss, whose bedding planes dip southward and

$a mu
direction diagonally across that of the more northern

beds. I here are no doubt instances where the two series are
difficult to sepsmit.

. -i, ,i ; ,r rocks occuring in both groups, but the
existence of the two is incontestable, and their
with the unaltered Potsdam equally so. The facts pn
tar with regard to the older rock series of Wisconsin may be
briefly summarized as follows: the oldest (I) are gneisses and

otbei rocks; (base are overlaid unconformably by
(11) a series of quartzites, schists, diorites, etc., with some gneiss

•

; these in turn are ov« unconform-
ably but this is not certainly proven-by (III) the Copper series,
which includes greenstones and melaphyres, and also great thick-

ified sandstone, melaphyres, amygdal
these finally

i.rmably covered by (TV) a series of unaltered horizo it:il

nv of which are closely
allied to those of the Potsdam sandstone of New York, and all of
wtucb have a marked Primordial aspect. I and II are referred to
the Laurentian and Huronian systems of Canada, because they

to one another and to the Copper series

However this may be, it will be seen that

Wisconsin crystalline rocks within the

. ould have to stretch that term so as to

entirely distinct terranes, each overlying its prede-

that these systems do. However this may be, it will be seen thai
in order to i , \, .,, \\- ... ,_;,, ,.. _

|i;| (ii ^ % ithinthe
fr. Bradley would have to stretch that 1

« *
-----—"v .».! many thousand feet in thickness, U~

SiStoi i *
three in its tuni overlaid unconformably by hori-

zontal sandstone with Primordial fossils. As to any of the V\ i-

the Primordial and neuvr <tr:,- ..,, such an
nypothesis is certainly untenable for a moment Suchand in all probability do occur in the Appalachians, but there
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certainly has been no period of metamorphism in the region of the
northwestern States since the beginning of the Primordial.

University of Wisconsin, March 8th, 1877.

2. Mteroteopical Petrography ; by Ferdinand Zirkel. Being
Volume VI of the series of Keports of the U. S. Geological Explo-
ration of the 40th Parallel, Clarence Kara, Gedogist-m-charoe.
Submitted to the Chief of Engineers, and published by order of
the Secretary of War under authority of Congrc

*e plates. Washington, 1876.—The gre
nt Range of the Rooky Mountains, inciud

iinity of the 40th Parallel, abounds
> trachytes and i\ iated kimls. some of them closelv like

rocks of central and southeastern Europe; and Mr. King has done
well in looking to Europe for the study and description of his
specimens, and has been most fortunate in securing the labors of
Prof. Zirkel, the leading author in microscopic lithology. The
results are therefore excellent, and at the same time they give to
the American sn European use of the names of
rocks.

kinds of crystalline rocks and their microscopic distinctions. In
this chapter Prof. Zirkel states that in his descriptions he uses the
term "ground-mass" for the mass of a rock where it is distinctly
crystalline granular under the microscope, and " base" when there
is an amorphous paste not ei inder the highest
magnifying powei _. except in many obsidians,
crystalline minerals.

,

He remarks also on the evidence that the crystalline minerals
m the "base" were formed while the latter still had a flowing
movement, as shown by the minerals ranging in straight or wavy
Jines, and by their fractures and abrupt bends or displacements

;

hence the positions and forms of the crystals have been partly
determined by the flowing ; and hence,' also, the rock has not
undergone any metamorphic changes since solidification took
Place. Those rocks whose micro-fluidal structure is particularly
•tistmet are gene rich in broken crystals shiv-
ered mto deta,- rragmeata

Ahe feldspar-bearing igneous rocks * *

»e«»0/«7*ca: granite, granite-porphyry, felsite-porphyry, rhy-
OJyte, obsidian, pearlyte, pan ' 'ontaining no
2>«>rtz, and often trith more or less pla>/io<'lase feldspar: syenyte,

augite-syenyte, quartzless orthoclase-porphyry, trachyte, augite-

trachyte.— (c.) < , e or less nephel-
ite or hvche : Foyayte, miascyte, orthoclase-porphyry, phonolyte
containing nephelite). b i» rocks.

I \ V^e FELDSPAR OF THE PLAGIOCLASE OR TRICLIXIC SEfilES.—

!«•) Containing hornblende: quartz-dioryte, dioryte, porphyryte,

hornblende -por | !
rtz-propylyte, hornblende-

andesyt^andda, : •a-dioryte.-(c)
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Containing augite: diabase, augite-porphyry, melaphy
andesyte, feldspar-basalt (including doleryte and anamesyte), and
tachytytc.— (</.) Containing ,ll,illny. n;,!, 1, ,,,._(,. , t,,,t, ,„»,,<

hypersthene: hypersthenyte.—(/.) Contolnhnj <!lvln e: (serpentine)

"forellenstein."

HI. Containing nephelite as the feldspar mineral.—Nephelin-

yte and nepheline-basalt.

IV. Containing leucitk as the feldspar mineral. — Sanidin-

leucite rocks and leucite-basalt.*

To understand this list it is necessary to have in mind some
points in German usage connected with the naming of rocks.

First, as to the affix, porphyry. It is not. as m -In ' i"t v <l

the name of a natural group or family of rocks, but, as the list

shows, it is applied to rocks of various groups. It signifi. s n ally

a f<: rh>i,';t;r ,-nrl.ty of some kind of rock. Felsite-porphyry is a

telsite (typical p. u-phyry ) ; -rani; -porphyr\ is a pyi'-

L by Zirkel to a Hi
. between ordinary granite and fel-

site. So in cases, not above particularized, diabase-porphyry is a

porphyritic diabase, dioryte-porphyry, a porphyritic diorytc and

soon. Again, the affix is used where th<

nt some other mineral: thus. horiibiendc-per-

3 used by Zirkel, is a gray hornblendie rock in which the

seminated crystals arc hornblende
; and augite-porphyry,

one in wbicli the crystals arc augite. The science would be better

off without the word, except as used in the adjective form.

Further: syenite of the Germans i> a nuk* consisting of horn-

blende and orthoclase without quartz, unlike the rock of Syene,

Egypt, which originated the name. Syenite containing quartz as

a prominent constituent is made a variety of granite—although

- nearest relations to other hornblen
made the typical syenite, entitled, by usage elsewhere in the

above list, to the name quartz-syenite.
Again, the names of some kinds of rocks are made to depend on

their geological age—an igneous rock if of Tertiary age
name, and : lorite WW
augite along with more or less magnetite make together a rock

which is called basalt or >/.,/. ,-yt. u T.rti:,r\ ,„ y u:.l

base if of earlier date. It is a method of naming which might

multiply names indefinitely, and whi.-h ha- u..ihi:u to commend
it. It is to be noted also rh.-a Zirkel uses the name basalt in place

of doleryte. Both ba-alt and di:iba>r ar. described a> often een-

tai iii _ viridite or a hydrous chloritic mineral. The term mela-

phyre is restricted to an amygdala
always easily made, since the same dike or mass of rock is often

amygdaloidal in one small part and not through the rest of the

mass, and there is an indefinite gradation between such melaphyre
and the chloritic basalt. Peridot. ing olivine,

is left as a variety of basalt.

* The y in the last syllable of the names of many of the rocks, is inserted by
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Of the above mentioned rocks, those found in western America
include, under I, granite and urranit ••-]>< .:;.|; \r_\-. felsitc-porphvrv,
syenite; under LI, dioryte, hombkoide-pnrpiiy'ry. pmpylyn-. .jiiarf'z-

Cpylyte, hornblende-anclesyte, dacyte, trachyte, rhyulytc, dia-

e, melaphyre, gabbro, augite-andesyte, basalt ; under IV, leu-

The volume is chiefly devoted to the description of these rocks
from different localities, after a study of microscopic sections, and
comparisons with similar rocks of other countries ; and mum-mus
very singular and interesting facts are brought out, besides impor-

tations of the relations and mode of origin of the rocks.
W e add some notes respecting them, following the order in this list.

Propylyte is the most prominent rock of the Washoe district,

constituting the entire Virginia range. It is a grayish-
green rock, consisting mostly of a ic feldspar,
m small crystals or grains, and hornblende, the latter disseminated
in minute points or crystals through the former, and often in part
changed to chlorite or epidote. Apatite is sometimes present, and
occasionally biotite. I a
from dioryte, the silica, according to the analyses given, amounting
to 64 to 66 per cent. It is of Tertiarv age, and hence it is not
called dioryte ; but, in ad rally more of the aspect
of a modern igneous rock. A quart zifef.us variety is the quartz-

propylyte.

Andesyte has, according to Zirkel, the constitution essentially of
Fopylyte, that a of a plagioclase feldspar and
Hornblende; and the physical differences drawn out on page 133—
such as a purer gray color, the hornblende in coarser crystalliza-

tions, etc.- are feeble in kind and decree. The analyses, however,
g!ve it about 60 or 61 per c - ™uld make the
teldspar of the rock to contain four to five per cent less of silica.

Andesyte, moreover, has sometimes a pasty or semi-glassy ground-
mass. It occurs with the propylyte at various localities.

JJacyte is a quartz-andeoyte, and this variety also occurs at

VVashoe and elsewhere. The color varies from firirt gray to
dark blackish -brown. The ground -mass, is often rbyohtic and
sometimes ephera >*' andesyte and
Propylyte. The analyses show that th< Ispan ontains relatively

"ttle hme, and therefore must he, in the main, andesyte or ohgo-
clase.

^
The quart ...

.

' . *hows no fluid-

^chisions when microscopically examined.
>

trachyte is described as occurring in the vicinity ot Washoe,
and between there and Pyramid Lake. The rock consists of san-

«Jw ot glassy ortl
" — the older— contains a

Plagioclase feldspar also, and thus graduates toward andesyte.

^"dymitewas observ. I n th i-oun- i n I . te in thm 6-sided

P^tes grouped together in <*reat numbers. A " hall'-glassy-lookmg

r?°k'' from the
°
Cou UiiT^. hetweei Sheep Corral Canon and

2 adsworth, of dark brownish-black color, containing samdin and
a|so pale green augite with gome piagi clase feldspar and horn-

AM
- Jou«- Scl-Thikd Sbbies, Vol. XIII, No. 76.-Afril, 1877.
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blende, is called an augite-traehyte. It resembles in general com-

position the augite-syenyte of'vom Rath, which constitute the

larger part of fit. Monzoni in the South Tyrol. Other localities

arc mentioned of trachyte and of this augite-trachyte.

Rhyolyte was so named by Richthofen in 1860. It was made
to include certain trachyte-like or felsitic and more or less glassy

rocks which contained disseminated quartz, and bore " clearer evi-

dence than other rocks of having once flowed in a viscous state.*'

The more or less glassy kinds comprise obsidian, pearlstoue, and

pumice. These Zirkel designates glassy rhyolyte. Other kinds.

I io, not appearing glassy, but show

ngafluidal - ingi dienN irranged 1 par-

allel wavy bands, instead of even-grained, as seen in microaeopk
sections, he designates proper rhyolyte; and certain era

kinds (not observed among the rocks of the 4oth parallel) he calls

neoadyte. Rhyolyte is found at several places in Nevada, and

many \ trieties are particularly described and figured. They some-

i or grains as large as

peas. In some the structure is tine granular throughout ; in others.

there are glassy lines or patches; in others, spherulites ; and some

are glassy throughout.
Augite-andesyte contains over 58 per cent of silica— in this dif-

fering from most igneous augitic or pyroxene rocks. A variety

from west of Basalt Creek, Washoe, is brownish-black, somewhat
resinous in luster, with "white feldspar crystal- which
tabular," and contains hyalite in its amygdaloidal cavities and

fissures. The base is partly glassy. The feldspar is partly ortho-

clase (sanidin) in twins, and partly a triclinic species, t

''
g. The percentage of silica was found to be 58-015.

k has been observed on Teneriffe, Java, Chimborazo,
in Hungary, etc. Augite-andesyte is near the melaphyre of some

lithologists, but differs in the base being partly glassy. It shows

its relation to basalt by containing some chrysolite. The rock

also occurs red, blackish, and of other colors.

Basalt is described from various localities. In a vaii

Kaw-oii Mountains, having a structure "intermediate hetw. > n tin

cro-porphyritic and the even-grained," microscopic aggregations

tridymite crystals were observed, in the form of thin hexagonal

piates, partly overlapping like tiles and parti v in groups. This

is the first time tridymite has been met with in basalt : and it is

remarked that " since the basalt comes to the surface through or

near strata of intiiM.riai silica, it is not impossible, as Mr. Clarence

King has suggested, that an included fragment of this silica may
be the source of the tri \ mite, n \ i,,,

| case it would of course

be a substance originally foreign to basalt."
Leucite rocks are described from the Leucite Hills, northwest ot

Point of Rocks, Wyoming Territory. Tin-van- ii-ht vel!owi-h-

n !• ks, \ rj rich ',,,
. \ ,-r, erpl lis, i

augite in grains yet sparingly, with no feldspar of any kind.

They thus differ widely from the European leucite rocks.
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We here leave the volume,
ing American and other igneo
in every part by those who would fully understand their nature
and relation.

tT ly D
3. Note upon the Connecticut Valley Helderberg ; by C. II.

Hitchcock. (Communicated.)—At the close of au article upon
_ rocks in New Hampshire (this Journ.. III. vol. vii, p.

5/1), I proposed to discuss later the relations of the Bernardst'on,
Mass., Helderberg limestone to the associated rocks in Hinsdale,
-V 11., and \ ernon, Vt. This has been done fully in the second
volume of the Geology of New Hampshire, which will he accessi-
ble to the public next June. I desire now very briefly to state

icipal conclusions. I. The associated quartzite and stauro-
Iite mica slates have been satisfactorily traced out to connect with
the Coos group of New Hampshire, "as was first suggested by
Prof. Dana (this Journ., III. voUi,,.. .)*>>). l\ The limestone does
not certainly dip beneath the quartzite. Had the section been

rods north the slates would be found to dip west ami
the quartzite standing on edge and the limestone concealed by
?° • ^n the west side of the limestone is a west dip in the quartz-
ite. These facts suggest the possibility of a different interpreta-
tion from that heretofore uuiversally given. The limestone may
oe a remnant of a once extensive deposit covering both the other
tarnations mentioned, and what remains i- in an inverted position.

•
: "iie in Littleton overlies the quartzite. 3. If the Coos

lerberg strata are identical in age, the hornblende schist

l the oiieiss of Vernon are not necessariiv associated™ them, nor any ol reas - >t N ew England.
Ane Loos si.-,

, ,.],;, t j L
.

(
.} :1} s at s (Lower Silu-

"
" '

.
•

-'
i ,

. . ;..-.. :-:

ward, as first suggested by Prof. Dana. These same slates rest

lntt
1 e ^uebec group of Logan in the Littleton region, and these

r til" rj
tUrn Upon the same gneissic group as in Vernon. 4. Next

tne Helderberg the Coos rocks are the newest in the Connecti-
'

! • > way to < atiada: ami if ihev can be proved iden-

rad also to include the enormous calcareous

otern Vermont and Canada, called "< alciferous mica-
^nist m the Vermont Iieport, thev show that all tlie rest ol the
orthern New England formations aiv older, and hence liable to be

zoic series. 5. The Bern., dstou regi n bounds with

th strata. It is impossible to propound

|

: [hem. The same

the whole of New Hampshire. 6. Further search in

r "n region enables me to correct t\^ statement of my
Previous artich . I ;l :n satisHed that all the clay slates of Litth ton

h *
Samo age with those (,i V * at lea8t

tap (p. 471),

th tj
transf,en-ed to the other series. 7. The kinds and order of

nati
erberS rocks are essentiail

J
- "^ Ber"

raston fields ; hence, by comparing the facts in both regions better
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results are obtained than by reliance upon short sections in either

one by itself.

Hanover, N. H., March 16, 1877.

4. On Geological Time; by T. Mellard Reade. Presidential

Address before the Liverpool Geological Society. 28 pp. 8vo.

Liverpool, 1877.—In this paper, Mr. Reade has used the analyses

of river waters to determine the amount of mineral matter carried

•"in the laud. No finds that the amount of water run

off the area of Kn^iid and Wales annually is 68,450,936,960 tons,

equal to 18-3 inches in depth out of 31-988 inches of mean rainfall,

>•? inches for evaporation. The amount of solids in solu-

tion is 8,370,630 tons, or 12-23 parts in every 100,000 of water:—
in which are about 9-50 parts of carbonate*and sulphate of lime

and magnesia, 1*66 of chloride of sodium, 0-08 of nitrates and 0-99

of alkaline sulphates and carbonate of soda, silica and sesquioxid*
of iron. Estimating the solids in solution at 15 cubic feet to the

ton, the amount of denudation by solution would be '0077 feet

per century, or one foot in 12,978 years. Prestwich arrived at one

foot in 13,200 years, for the amount of carbonate of lime which
the Thames carries off from the Chalk, Upper Greensand, Oolitic

strata and Marlstone. The Thames, estimating the discharge at

8 in. per annum, and the total solids at 29-26, as given by Prest-

wich, removes 147 tons per square mile per annum ;
and the

denudation over England 143-5 tons.

Mr. Reade makes similar calculations for the rivers of Europe,
and finds that the Rhine removes about 92*3 tons per square mile

;

the Rhone about 232 tons; the Danube about 72*7 tons; giving

an average for the three rivers of 90 tons per square mile. The
Garonne removes 142 tons per square mile ; the Seine about 97

tons. From these data the conclusion is reached that probably-

over the world about 100 tons of rocky matter are dissolved by rain

ish square mile per annum: of which, as near as can now
- may be carbonate of lime, 20 tons sulphate

of lime, 7 silica, 4 each carbonate and sulphate of magnesia,
chloride of sodium, and 6 alkaline carbonates and sulphates.
The amount of detritus brought down annually by the Danube

is about
TnJ\nr of the water, or tbre€ I

amount of

-olids in 5 iti.,i that of th Miss ^ip i- . i ling to Hum-
phreys and Abbott, TjVt «f the water. Mr. Reade adds :

_

" If we were to take the solids removed mechanically at six

times those in solution, which is a very high estimate, we should
have over the whole of the globe 600 tons of denuded matter
annually per square mile. Taking the sedimentary crust of the

ten miles thick throughout—a moderate estimate—and
allowing for the denudation of the sea and the amount added to

- by volcanic ejections, matter equal to one-third that
which is denuded from the land, we should have annually removed
and deposited matter equal to 800 tons per square mile of land
surface, or 40,800 million tons annually. The total surface of the
globe is 197 millions of English square miles. A cubic mile ot
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rock at 13^ feet to the ton would weigh 10,903,552,000 tons, so
that to cover the whole surface of the globe one mile deep with
sediment from the land at the rate of 800 tons per square mile of
land surface, would take 52,647,052 year*, or .~o; million years in
round numbers for ten miles doe])/'

5. 77ie Carf>i> Ji ;j\,;,u_s and Permian a rimtinaot/s f<a*>natii>n
in Bulimia.—A paper full of details as to fossils is published by
Dr. Feistmantel in th< for March, in which
the author proves that " in Bohemia (certainly also in other local-

ities) there is no strict boundary between the Carboniferous and
Permian

; on the contrary, that these formations are in very close

connection, as is shown in the association of a flora of Carbonifer-
ous ehar:i.

.

, ,; \\ rmiaii character, in the Gas-
"!- !' th. 1'i M-n and Kludno-liakonitz basins." In the Pilsen
'" i hasin tin _, ix , , o , ,, i in- tin I'm nan im d ! issils, Xe/<o-

canthus Decheni, "one of the best Permian species," an Acanthodes
near A. gracilis Worn., a Paimoniscus, Uronectes (Gampsoin/x)
and other species ; and there are among fossil plants, Li-pido-

dendron dichotomaai Stbo-., Sat/enaria elegons >tbg., Knorria,

IqpMophyU
,

specie* of

. (hiuu't.,,,!*,;-*. v; „,-/,,,/, ,-,x :ib..ut inn.' ( a

species of Sphenopteris, four Car!
three of Alethopteris, etc. Similar facts are reported from the

other district referred to.

6. Revue de Geologie pour les Annies 1874-1875, Vol XIII;
by M. Dklesse, Ingenieur-en-( I de> Min. -. • t M. de Lapparext,
Ingenieur des Mines, Prof. Geol. 252 pp. 8vo, with a colored

ricultural chart of France i! products, by
Delesse. 1877.—From this valuable Geological Annual, bring-

I and dJ«g up the review of geological mem
middle of 1 875, we cite the following

:

Feldspathic rocks under the solvent actio,* of icater, carbonated

waters and other r, n, „/, ;„ ,»././//. ,..—M. Truchot subjected a

series of Auvergne rocks in powder for several days to water

charged with car wmre - >i eight atmospheres,
and obtained the following percentage results

:

Granite of Trezioux."" VS." 0"90
'.'-'. °"09

Lava of Voivic 1-75 025 008 trace

Domite, Puy de Dome 1-82 tr.
0-06 tr.

Trachyte of Mt. Dore 2-90 tr.
0-18 tr.

The trachyte was most readily attacked, especially its sili.-a, and
this accounts for the frequent occurrence of opal and other siliceous

deP08its in the fissures of this rock. a , ,
. , tn

f. Cona, exposing the syenite of Bielle, finely pulverized, to

jater, dissolved 0-18 per cent at the ordinary temperature, and
°*42 at 100° C. ; to water saturated with C0 2 ,

dissolved 0-63 per

cent; to water saturated with >ulphate of lime, 0-43 per cent.
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Orthoclase feldspar has been exposed to different solutions by

A. Beyer, aided by Birner, Ulbricht and Heinrich (Arch. Pinna.

II, el, 193). A kilogram finely pulverized was put each time in

two liters and a half of water or certain solutions, and kept so for

about five months—out of contact with the air. The weight in

grams dissolved in the 2A liters of water for the different liquids

Equiv. K s Na.
2

CaO MgO Fe,:£l SiO s

Sulphate of ammonium 02 0-161 0-094 0-122 0-035 0-066

The results are of much interest, showing that common salt and

sulphate of ammonium, products that are usually in the soil, in-

crease much the dissolving power of water; and still mere do

lime and magnesia—these bases separating the alkalies. Lemberg

has shown that by the action of sulphate of magnesia on the

zeolites, oper fi'i'-r in closed tubes with heat, they were changed

to hydrous silicates of magnesia ; apophyllite being thus changed,

the process all but a few hundredths of its lime. Such

facts are of great interest in connection with the subject of the

origin of serpentine pseudomorphs.
7. A fossil Saurian Vertebra from the Arctic Regions.—Prof.

A. Leith Adams has named the Saurian, a vertebra of which was

from Rendezvous Point, Byam Martin Channel, by

Admiral Sherard Osborn, Arctosaurus Osborni. It is "in all

probability one of the middle cervieals of a Saurian with biconcave

vertebra'," between ten and twelve feet

with Lacertilia than Cmeodilia/' Sir F.dvard Beleher, Sir L. Mc-

Osborn brought many fossils from the group

of islands lying between \.,rth Cornwall and North Devon.

Among others were remains of Ichthvo-aurus. determined by

Prof. Owen, and said to be from Lias beds; and these are the only

Arctic Reptilian remains hitherto described.
" Fossil Vertebrates from the Fort Union beds of Montana.—^

:*. E. D. Cope has described the
Proceedings of the Philadelphia Acadei
1876, p. 248: Aublyxodon literoH*,

'

L>tL<r> ht<-r<m*it><*. <>•

eacpianatw, 1. r >!.<',, I > , t„„« ,„,•„ >,.<f (a herbi r«»us Dm-'-

saur), D. ITaydenionus, '/>. 1,;,;,ri,,.ttn#, l>. r.:., ,,n*, /'<' ' ""?

pentagonw (allied to ff.<dr<,x,i„rns). h. r ,r<>n'/>>/>i?»s, D- cai'

ui'irh.is, Monorlon'iiis rranKu.-i (near Jltnlrnvnirii*). Paronychodon

/.<),all ba<ed „, ^.eeimeie- <»t teeth; al*'»

• '*"'/"•'' <'»<*. ' ' I'nluth.,,-!
'•

it ' ' •
s ' •/'.'. ':d„* ,•„->•,;„.,. r. hieroglyph**,

Myledaphus bipartitus.
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Text-book of Mineralogy, with an extended Treatise c

ography and Physical Mineralogy ; by Edward Sali

Dana, Curator in Mineralogy, Yale College. On the plan
Crystallography and Physh-.il Mi , r.ih. <y ; l.y Edwakd Salis-

bury Dana, Curator in Mineralogy, Yale College. On th '

and with the cooperation of Prof. James D. Dana. 4s»j pp.

rith over 800 wood-cuts and a colored plate. New York,
1877. (John Wiley & Sons, 15 Astor Place).—This work is in-

tended for a class-book in the science. One half is occupied with
thr Mibjurts of Cry>tallography. Physical Mineralogy, and Chem-
1 " 1

nd Determinative 'Mineralogy, and the other h;i"' ''alf with the

species and a Catalogue of Americ

rvstalloerapbv and optical mineralog;

much length i

eralogy,

Descriptions of species and a Catalogue of American local
ni1

; subjects of crystallography and optical

illustrations and descriptions of the I

uic.no are given for the same purpose, besides numerous diagrams

and figures of crystals. About seventy pages are .lev. .ted to

teBcriptiTe crystallography, over twenty to mathematical crystal-

l<\LiTa|>!iY after Nauman's system, and as many more to the same
"> -vsten., each i,r which subjects is very fully illustra-

ted ...
ti u-„ ,..

; ;ln ,i ,i„ ,.| 1:l pter on optical characters extends to

thirty-five pages. Besides, there are lists of recent works :md

memoirs on the various subjects considered under Physical Mra-

The Descriptive part of the volume follows in its classification

t^enriallv that <>t th.- last edition of the system of Mineralogy,

and is, in the main, a condensation of that work. But all new
species introduced since the date of its publication have been in-

serted. The more important species—about half of all known—
are described at length (though with few analyses, and often onlv

the percentage composition), and the rest more briefly.

The preparation of this text-book, as the Preface states was

begun by Professor 1 >
~ -"'

work. But it was interrupted' before the

™s
ni eted ml in ,| lt >tat. t 1 s remaii dm I tak. ip

h ,,,,, 1 >N M, I,',u •
t -

1 - Dana. To .Mr. Dana is

due a revision of the cr

ions, the chapter on Miller's System, the sect: i

Optical mineralogy, the notes on all new s,..

'Wiew of the who). ~ ^ltS from reCellt Pub_

hcations.
f

For the full synonymv of the mineral spec,

,h\i d.seriptions of Amen .a, and fomgn
,'vsesot minerals tnat

=

:
,. •

' . - , , ••-

minerals and occurring pseudomorphs, ami a

reader will still have to look to the System of Mineralogy and its

10. (Second Preliminary Report on the Mint dug , »f
P ¥;

™>ti„, l, v F . A. (iExm; 'with analyses ot

Harrisburg, 1876.—This is a report of progress, embodying the
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work done upon the mineralogy of Pennsylvania during the year

1875. It contains a considerable number of new analyses, mostly

of minerals, also of rocks, mineral waters and natural gases.

Among other points Dr. Genth shows that the "me&ano
of ( ooke is - not a lv<>,1 s;mv'h^ ], u t simply an impure variety of

hydrated iron sesquh >

from Blue Hill, Delaware Co., described by Lea as a variety of

orthoclase, is shown to contain 3*7 p. c. baryta ; the mean of three

analyses gave: Silica r.2 •;'. alumina lienT. iron m-< piioxide 0'12,

<>_', lime u-l<t, strontia, tr., baryta 3*71, soda 4'43, pot-

ash 9-00, ignition 0-19=100'23. Specific gravity 2-692. e. s. d.

11. Brief Notices ofsome newly <l,*-nh>>l „>;,',< .;,!.<. I.,nlhi, „it-.

—Occurs in small mon a distinct basal cleav-

age. Hardness 3-4. Specific gravity 3-12. Color eh

ent. Its composition is expressed by the formula 2Fe
3
Pg

Fe02 -j-8aq, which requires: Phosphorus pentoxide i".f>s.

iron pr..t-.\i.k' r,:>.-in>. water 17-06=100. The formula of vivianite,

to which it is related, is Fe3P2 8
+8aq. Ludlamir. .,. ,-ur- h; - »"

of the mines of Cornwall, England, associated with vivianite,

siderife. pyrite, ar>enopvrit.c, etc.

—

{Firhf, Phil. M";/.. Jan.. b^77.>

St,>eitffik.—()w\\Y* usually in splierical incrustations with a

radiated structure, mid a drusy surface; also rarely in "rtho-

rhombic ery-' n. Hardness 3-4. Specific grawty

• white, in some varieties bright carmine-red, in «i> >-

tals also colorless. Transparent to translucent. Composition

expressed by the formula FeP
2
0g+4aq, which requires: Phos-

phorus pentoxide ;7".i7. iron s.-^.j i"io\ido *2'7s, water |it-j.".= l" '•

In form and composition it is allied to scorodite (FeAs 2 8
+4aq).

Strengite is found with cacoxenite at the iron mine Eleonore ue«i

Giessen.— (Nies, Jahrb. Min., 1877, 8.)

/v/,,,,/;v._Tlie name {»ht
:
/ite is given provisionally by Prof.

A. it. Church to th> "manganese nod-

ules" obtained by the Challenger in deep-sea soundings in the

Pacific. An analysis afforded the following results :
Manganese

dioxide :;. -j-_>, i,.,,., ....,,„;,, vide 20-02, alumina 3 30, silica i«'-...

.

chlr.rin.- o-;i. M u-, < -,. V :l , , t< -., (.--::. uat. r !o>t 1 eh.w 100° 24'55,

lost at a red heat 10-00=100. It will be seen that the nodules,

if homogeneous, have a complex chemical composition, and by B*

means consist essentially of" nearly pure peroxide of manganese,
as had been reported. As stated by Prof. Church, r

analysis ,. !t-,.,U-.| h.-f.-iv the name y
«/'/</''«

can be fairly accepted.—! ' 'hureh. Mi,>t>.r<ih><ii<'<d Magazine, No. 2,

p. 50, Nov., 1876.)
Zaicrencite.—M. Dauhr.'e has given the name lawrencite to the

protochloride of iron, the presence of which he has detected in

the Greenland meteoric iron. It was earlier separated by Dr. J-

- nth from th T.-nn. -. .- m. te tC iron and the name
is given in honor of him.—(C. £., Jan., 1877;)
H>"-- "•'..-'..—G. Grattarola of Florence has observed a

white mealy material surrounding the castorite of Elba, and ne
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makes it a new mineral under the name hydi
been derived from the decomposition of castorite. It is in part

compact, in part it is made up of an aggregate of fine needh 4ike
crystals. Its composition is shown by the analysis: Silica 59*59,

alumina 21-35, lime 4-38, water 1 4-66=99-98.

Guanajuatite.—The sulpho-selenide of bismuth from Guana-
juato Movie,,, partially described by Castillo, (1873), and later

ribed by Frenzel (Jahrb. Min., 1874, 679), was named
in the Second Appendix to Dana's Mineralogy (1875, p.

22). It seems, however, that the same mineral was at first named
U'«in<iju«t'itt bv Fernandez, who described it in full in the Guana-
juato paper, " La Republica" for July 13th, 1873. The latter

name should consequently be accepted instead of the name fren-
zelite. The description by Professor Fernandez differs from that

of others in that he makes the mineral solely a bismuth eelenide

(BitSi .), and attributes the presence of a small amount of sul-

phur, shown in his analyses, to the admixture with a little pyi-ite.

material analyzed by Frenzel received the formula 2Bi 2Se 3
4-fc

1

Profess*

same locality, the Santa Catarina mine at Guanajuato. It has a
lead-gray color, and is compact in structure. Its hardness is a

Jttle less than that of calcite; its specific gravity 6-428-6-45.

The results of several analyses upon material more or less pure

Jed to the conclusion that the chemical composition is expressed
by the formula Bi 3 Se.

E -
s-
D -

12. Zeitschrift filr Kry8talloqr> ' •
TOU

No. l, 1877.—The first number of this new Journal, recently

(See p. 162 of this volume.) It contains the following original

ot some immense enstatite crvst: • "}", XN

U Brogger and G. vom Rath ; on the crystalline form ot I

bJ A. Schrauf; on the regular grouping of quartz crystals ,n cab

.te, by E. S. Dana; on the dimorphism of hydrochinon and para-

nitro phenol, by O. Lehmann ; a manganese variety of tremohte,
by g. A .Koenig

; on the form of crystals of barium sniphat. .

.

ftc.,

byH. Baumhauer; on the schorlomite from the Kaiserstuhl, by
A

- Knop. In addition to the above articles, a series of notices

and extract u in number, and covering as many
Pages, follow. These are derived from a great a ariet;

and form not the least valuable part of the number I nder the

able editorship of Professor Groth, it cannot be doubted that the
~""7 Journal will always maintain the high character it has at its

m Ueber den inneren Zusammenhang der verschiedenen Krys-

fUgestallten des R Schaot : 61 pp. 4to with

J
v« Plates. Frankfort, 1876.—The memoirs previously published

bY^ Scharff upon the interior crystalline structure of several
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is eminently true of the
Scharff describes with greatWe and minuteness the result- of his

observations upon a large series of calcite crystals, and the de-
scriptions are further elucidated by many excellent figures. His
attention was especially directed to those cases in which the for-

mation of the crystals was incomplete, or had been in some way
interrupted, and from these sources he draws his conclusions as to
the method of formation of the crystals, and the conditions deter-

iv growth. E . s . d.

14. Upon the Chemistry and Composition of the Pore
-rucks of Japan; by Henry Wurtz.—Dr. Wurtz has

published, in a recent number of the American Chemist, a paper of
some length upon the porcelain-making of the Japanese, prepared
by him in his capacity as Judge in one of the departments of the
Centennial Exhibition. He gives a description of the occurrence
of the materials in Japan, and the methods employed in the prepa-
ration of the porcelain from them. The chemical composition of

err different varieties and the man-
ufactured products are also given at length in a series of analyses.

III. Botany and Zoology.

1. Diciionnaire de Botanique, par M. H. Batllon, Paris.

I
i l:u !„ tte & Cie.)—We noticed the first fascicle at the time of its

appearance. The second and third are now received, reaching to p.

pages will oe
'l< y<>t -.1 t<> the first letter of the alphabet. The work must needs he

us, for it is a veritable encyclopedia, and various artielos

have developed almost into treatises, with profuse and excellent

1 lustrations. The main articles of this sort in the pres-

- art- Alhnmen, A h urone, Algce, Aliments d>$ jdonm,
rations, Amidon (starch), Androcee (which

should be, as M. Littre says, Andrcecie, under which synonym only
is the proper derivation given), Anthere, Atithu-ntn .' ;.nd ! "'

'-,

ozoides.
. The work improves as it advances, and if in danger of

being too bulky, it is certainly low-priced, considering execution,
and fullness of illustration.

1 n,,
',
r

>
; '"-- / '"'. by some mischance, it is said that to this un-

known genus, Parthenice Tor. & Gray probably belong ;

and oyer the leaf there is somethi « ,<fing under
'' The explanation is that the last five lines of the two

articles have been accidentally transposed in manuscript or type,
and then one word altered in proof-reading. a. a.

f\ A'
7" w '"" ; }f> r"^ ;/

' /
-'
/"-' •'•'- r

I teWA*D Heer, Vierter Band, mit 65 Tafeln, 4;
J. W ureter & Comp. 1877.—This fourth volume of :i -ia^i a!, and

F?n?fU°^
rly inte

r
estin» work

>
is a collection of three memoirs-

*2t >•
Be'trag6 ?» fossilen Flora Spitzbergens : with a geological

appendix, by Prof. Nordenskiold. This belongs to the fourteenth



volume of the memoirs of the Royal Swedish Academy of Sciences,
Stockholm, no. 5, issued in 1876.
Second, Beitrage zur Jura-Flora Ost-Sibiriens uu.l des Amur-

land,-, is from the memoirs of the Imperial Academy of Sciences,
of St. Petersburg, vol. xxii, issued in 1876.
Third, A small part, with only two plates, Ueber die Planzen-

Versteinerungen Von Ando in Norwegen, apparently has not else-

where appeared.
This East Siberian Jurassic flora is rich in Gingkos (seven

peraesj, with some allied Taxineous genera, as well as some
. more Abietinece, and three Monocotyledons (Pamhtina>).

_< 'i deposits n !'< nvd to that era, fiimi-h six or seven
species or forms of Gingko, three Pines, and a sort of Bamboo;
the Cretaceous, three or four Pines, Sequoias, a Torreya, etc. ; and
*li' ! Mio,-ene li :l . 'nisnrfhn,,, i,!.;r t .>// -W, Suptnhi, ''>/]» r<>8,

Carex, Maianthemum, Alisma, seven Poplars, two Alders, three
Hazels, a Hornbeam, a Beech, four Oaks, an Elm, a Plane-tree,
an Ivy, five species of Comics, two of Nj/mt. and a .Yy.-«»//»//#,

two ,.f Mi,/noi;,i, a Pnrrntthi. a Tilt ft, three Maples, a Kcelreutera,

three Hawthorns, and a veritable fossil strawberry

!

a. g.

3. Proe>,,. :,„.* of t/» X'--vt s<;>fi<i T„^>f"te

of Natural Scr'e„>-r. vol. i\ . part 2, 1877.—This part is rather rich

hotanically. Professor Sommers institutes an elaborate comparison
between the flora of Nova Scotia and that of Colorado. Rev. E.

- an intere<tin- and readable account of the F< ni> of

A ova Scotia. Prof. Lawson, in notes upon some Nova Seotijn

plants, takes up the Calluna vulgaris question, e; inm-i f
- :ie

known stations in the provinces, and tie cin unst m« • and condi-

tion of most of them; and conclude^ that while one or two of

them may be artificial, "
it has W indigenous

1 "that the various trad it inn* - ' ^ ; "n- 1".° l

the heather, are not unlikely to have been suggested ! ;•
t! U-sire

I for the presence of what
~ :,rl >' :l

toreign plant, rather than bv actual historical facts." I here are

several con, to PJ,o,h>,l „.7r„n :,.;.,-, n.u,,,,

i limit inNovaScoti
Professor So, , ue of the plants of the Province.

,"" l,ur w>r almost half a e<
!,1IU "* * TTif

last. She was born Mav 1 1 1 77-! An authenticated copy of the

register of her baptism was printed ii rh. I n don Times (which

fas been skeptical about ft
;in '^erest.ng

°">graphical notice. There is no room for doubt that, if she had

Lady Smith, the widow of Sir James Edward Sn.it:
:

,d hi-

h! on the third <<i February

Vn authenticated copy of the

_ s
survived three months longer, she would have bt

one not only lived long but enjoyed life to the 1

Jar and firm hand, It least up to her hundred
«ght of late failed only so far that she was unable longer >u *~-

? gaide her pen ; « he? hearing was at worst only a little hard

*» **h were almost perfect, and her memory was nearly umm-
Paired. Since Dr. Torrey's death, probably the only surviving
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correspondent of her husband is Dr. Jacob Bigelow, who on the
27th of February attained the age of 90. a. g.

5. Joseph de JVotaris, the distinguished Italian Bryolo
was bom on the 5th of May, 1

si.)5. and who was lately transferred
from the chair of botany in the University of Genoa, to that at

Rome, died on the 22d of January last. a. g.

6. Recent Papers on Fungi.—The following are articles of in-

terest, which have recently appeared :

(1.) Reproduction des Ascomycetes, par M. Max Cobnu—
Annales des Sciences Naturelles, 6 e Serie. Tome iii.

(2.) Beitra z i,' IC.,„t„:,, ,!.,- /y „;./.„ i
;
von Dr. Hermann

Bai kb.—In the two papers by Cornu and Bauke, an attempt has
been made to discover the nature of the organs known as q

•-. and pycnidia. The two last name! <.i-«- : uis. >in tin
:•,

= t \
- \ ,

to be secondary forms of species of Ascomycetes. Certain cases,
however, seemed to point to the conclusion that some pycnidia

: different spores,
tion of Tulasne's views. The observations of Cornu have

extended over several years ; and, in regard to the spermatia, he
comes to the conclusion that they cannot be considered male or-
gans. He has observed that they germinate, and thinks that they
must be regarded as a form of stylospore. Although contrary to
the view generally maintained as to the nature of sperm
to the views expressed by Stahl in the Bot. Zeitung, Mar. 20, 1 874,
Cormi's view coincides with what has recently be°en published in
the bot. Zeitung and Comptes Rendus with regard to the sup-
posed spermatia of species of Coprinus by Brefeld and Von Tie-
gnem. The reason why the germination of spermatia has not been
seen until recent - . , ,1 by Cornu by the fact that most
cultures of spermatia have been made with pure water, whereas
the presence of some special nutritive fluid, as solution of gum,

j . Cornu was led to this conclu-
'. when sown on a glass slide, under a cover-

glass, the spermatia germinated more readilv on the side next the
gummed label.

J

(3.) Ueber den Gitterrost der Birnbaume und seine BeMmpf-
G< K un ..

: An fofa : Bting paper in the Schweiz-
ensch

f
»» ." disease of pear trees,

caused by / j,,. Kramer agrees

m Lmby
occurring on Juniperm sabina, L. w. g. f.

7. Destruction „f F„;-«f T,;<,< }H/ Mistletoe : by K S. Ceozieb.
(from letter to Kdiu.r* dated Loui.vil!,, Ky' March 9, 1877.)-

i +\-
m6

??
a
5
U}*t]?toe (PI'orad* > rv common

: rant factor
in the forest culture of regions favorable to its growth. It grows

upon the branches of the elm and black walnut ; and
eh an extent that large forests of the latter
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are now almost destroyed. In many sections this valuable timber
has entirely disappeared ; and in others the branchless trunks,

still standing, attest the destructive effects of this parasite. As
soon as a bunch of mistletoe fixes itself upon a branch, the out-
ward extremity ceases to grow, and finally dies. The tree soon
presents a clubby appearance, followed by death. A grove of

ity, was notable a few years ago
for its depth of foliage and the thrifty growth of its individuals.

It is now a picture of desolation. A few years will witness its

total destruction. The importance of this subject to the indus-
trial interests of the country should commend it to the attention
of those interested in arboriculture, in the hope that some means
may be devised for preventing the ravages of this parasite.

8. M&lian »,,,! l>,r,n 1 /•'/„*.,/ * nfrlh t> n t„ tin h »t.,f ,f of
Vertebrate Limbs; by James K. Thachee.—This memoir is from
volume iii of the Transactions of the Connecticut Academy. It

U the result of a careful comparison of the fins of various species

of fishes at early stages of growth, and is illustrated by twelve
plates. The view reached is in opposition to that of Gegenbaur
on the subject, and is expressed thus:
As the dorsal and anal fins were specializations of the median

tojda of \ i tins were specializations of the
two lateral f,.ld.i which are supplementary to the median in com-
pleting the circuit of the body. These lateral folds, then, are the

homologues of riu- Wolllian ridges, in embryos of higher forms.

Here, as in the Median fins, there were formed chondroid and
finally cartilaginous rods. These became at least twice segmented.

The orad ones, with more or less concrescence proximally, were

prolonged ii

fine, and a 1

limb girdle.

If now we seek to determine the form of limb for the Protogna-

thostomi, that is to say,fortha: time for ,. hi h the archipterygium

in its entirety is proposed, we should propose this

:

The limbs of the Protognathostomi consisted of a series of

parallel articulated cartilaginous rays. They may have coalesced

somewhat proximally and orad. In the ventral pair they had ex-

tended themselves mesiad until they had nearly or quite met and

formed the hip girdle. They had not here extended themselves

dorsal. In the pectoral limb the same state of things prevailed

but was carried a step further, namely, by the dorsal extension of

the cartilage constituting the scapular portion, thus more nearly

forming a ring or girdle.

IV. Astronomy.

1. Elements of Borelly's Comet; by Aaron N.
tant TJ. S. Naval Observatory. (From a letter to t

Washington, D. C, March 13, ]877.)-I have deduced the foUow-

*ng elements of Borelly's Comet from equatorial observations

made at this Observatory, February 9, 12 and 17.
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T= 1877, Jan. 18-9658, Wash. M. T.
7i — 174° 15' 32" )

Q = 187 10 4 V Apparent Equinox, Feb. 13-7.

*=152 20 28 )

logy =990709
The constants for computing the rectangular coordinates are

:

x' = 9-90639 sin (250° "7068+ v) sec *\v
y' - 9-71223 sin (336 '7634+») sec »|»
z' = 9-79456 sin (343°-4010+-y) sec *£»

2. Note on the Photographic Spectra of Stars : by William
J!i GKJTS8, D.C.L., LL.D., F.R.S. (From the Proceedings of the
Royal Society, No. 176, 1876).—In the year 1863 Dr. Miller. and

brum of Sirius. "On
.
mill on the 3d of March of the same vear,

when the spectrum of this star (Sirius) was caused to fall upon a
•ollodion surface, an intense spectrum of the more

refrangible part was obtained. F,- ( „n want of accurate adjustment
rag, or from the motion of the star not being exactly com-

pensated by the clock movement, or from atmospheric tremor, the
spectrum, i lined at the edges, presented no
indications of lines. Our other investigations have hitherto pre-
vented us from continuing these experiments further; but we

oi parson g them."* I have
wase experiments by the aid of the 18-inch

belonging to the Royal Society's telescope in my
possession. Considerable delay has arisen from the necessity, for
these observations, of a more uniform motion of the driving-clock.
1 or this purpose, Mr. Howard Grubb has successfully applied to
the clock the control of a seconds pendulum h
with a sidereal clock. This system works quite satisfactorily.
The prisms employed are made of Iceland spar, and the lenses of
qttart /. After an extensive trial of different photographic processes,
preference has been given to dry plates. The apparatus is so
arranged that a solar or electric spectrum can be taken on the
same plate, for the purpose of <

.

spectrum of
the star. Spectra have been obtained of Sirius, Vega, Venus, the

I do not purpose in this preliminary notice to describem detail the arrangements of the special apparatus which has
oeen constructed, nor to offer the results of the experiments in

their present incomplete state to the Royal Society. Still I

^1UL pe
}
hat

'
even in this early stage of the inquiry, the

enlarged copy of the spectrum of Vega (a Lyra) w! i

pames this note may not be regarded^ UoleTher unworthy of

* Phil. Trans., 1864, p. 428.
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in the
morning, when a solar spectrum was tab b

half of the slit which had remained closed

was directed to the star,

lines, all of them slightly i

which are least refrangible coincide with two known lines of
i in the sol;

apparatm
tiiier lilies which may be present in the spectrum of this star, as

well as to extend the photographic method to stars which are less

hriLilit. I need not now refer to the many important questions in

connection with which photographic observations of stars may be

3. Tables of the Satellites of Jupiter; by D. P. Todd. 40 pp. 4to.

—Published for the American Ephemeris by authority of the
Secretary „f the Navy. The tables of Damoiseau published in

1836 give the places of Jupiter's satellites up to the year 1880.
The present tables are a continuation of Damoiseau's by the same
formulae and elements to the year 1900.

V. Miscellaneous Scientific Intelligence.

1. Geological Society of London.—At the Annual Meeting,

February 16th, the Wollaston Gold Medal was presented by the

President of the Society, to Mr. Robert Mallet, for his able

researches on earthquakes, volcan .
and other

important scientific labors ; the Murchison Medal to Rev. \\ . B.

Clarke, of Sydney, Australia, i". r 1 i> various geological discov-

er of the Lyell Fund to James Hector, Director

of the Geological Survey n"f New Zealand : the balance of the pro-

ceeds of the Lyell Fund, to Mr. Pengelly, for his explorations of

Kent's Cavern.
the Bigsby Medal, founded last year by Dr.

Bigiby, F.R.S., F.G.S., formerly an able worker in the geology

and paleontology of British North America, was given to Prof

0. C. Marsh, of Yale College, " in recognition of the great services

which Prof. Marsh has rendered to tin-
j
aleontology of the Ver-

tebrates;" whose studies include "fossil remains of nearly ewry

great group of the Vertehrata from ih« Paleozoic, Cretaceous

>' "I C no/.oic strata of the New World," and "are so numerous

and so important as to mark an epoch in this line of research.

2. Bulletin of the II- n '< >« •'•,
>J

^ ,tirr" fences vol.

m, No. 4. 1877.—This number of the bulletin contains a check-

list of the ffeeh-water fishes of North America (concluded) by

D. 8. Jordan; the Shinumos, by F. S. Dellenbaogh; -
L America, by A. R. Grote; on the Hypbor

M C Cooke. Mr. Grote's paper applies t

respecting the migrations of species in consequence of the
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approach and retreat of the cold and ice of the Glacial era (which
has been illustrated by different authors with respect to plants

aals generally, and in Europe as regards man) to man in
North America, but without any special facts in proof of the
suggested migration.

>
3. The California State Geological Society "has been recently

incorporated for the purpose of making a collection of mineral
products of the Pacific coast," promoting the progress of
Geology, and "encouraging the study of Geology in all its

branches." The President of the Society is Mr. Henry G. Hanks,
and the Secretary S. Heydenfeldt, Jr.

4. Meteorology of Golden, Colorado, in lat. 39° 44' 24' N.,
long. 28° 8' 10' W., 5,618 feet above the sea.—Mean temperature
for 1876, 51-64° F.

; precipitation 18-36 in.; mean temperature of
the warmest day 80-7° F. ; do. of tl u ,-h 10) 8° F.
above zero; mean temperature of the winter months, 36-18° F.

;

spring, 45-90; summer, 69-90; autumn, 54-60; winds between
N.K and b.E. 20 to 30 days for the several seasons, and between
W., S. and S.E. 20 to 30 days for the several seasons, and between
N. and S.W., 57 to 72 days for the seasons.—E. L. JJ,
Colorado Transcript for Jan. 10.

5. The American Microscopical Society of the City of New
lork.—At the annual meeting held January 9th, the following

2?
<

i

erL^fre elected for the ensuin£ year: President, John B.
Rich, M.D., 1 West 38th street, N. Y. ; Vice-President, Wni. H.
Atkinson, M.D., 41 East 9th street, N. Y. ; Secretary, O. G.
Mason, Bellevue Hospital.

6. Remarks on the Structure of Precious Opal.—Yrot Leidy
has an article in the Proceedings of the Academy of Natural Sci-
ences of Philadelphia for 1876, p. 195, on the microscopic structure
ot the opal of Queretaro, Mexico.

7 Shoal in the Atlantic 300 to 400 miles northeast of Madeira
r- St. Vincent.—Commander Gorringe, of

the Lmted States sloop Gettysburg, has discovered a bank in
36 29 N. and 11° 33' W. with only thirty-two fathoms water over
it and 1525 fathoms to the southeast and southwest of it. It is
about 200 miles west of the Josephine Bank which has a depth of
eighty-two fathoms, and lies nearly in a line between Madeira and
<-apc >t. \ incent. Nature, of March 1, gives a map of that
portion of the Atlantic from Capt. Gorringe's soundings and those~ ^873, and the German frigate

r Waltekshausen, the distinguished
irs on volcanic rocks, minerals, and

piicumneua, including extended treatises on those of Iceland
and Etna, and Professor of Mineralogy and Geology in the
University of Gottingen, died on the 16th of October last, at the
age of nearly sixty-seven. He was the author also of memoirs on
terrestrial magnetism, meteorology and paleontology.
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Art. XXXVII.— On Vortex Rings in Liquids; by John Trow-
bridge, S.D., Assistant Professor of Physics. (O-

from Physical Laboratory of Harvard College. No. XVIII.)

[Presented at the Meeting of.the Am. Acad, of Arts and Sciences, Mar. 14, 1877.]

_
It has often been observed by chemists that a drop of colored

liquid falling from a burette into a liquid of a different specific

gravity, in which it can diffuse, assumes the form of a ring.

Vortex motion, by the researches of Helmholtz, Thomson, Ran-
kine, and Maxwell, is now attracting so much attention, that I

have thought that a study of the general equations of motion
of matter in connection with a study of these rings would con-

tribute to our knowledge of vortex movement.
Prof. W. B. Rogers published in this Journal, xxvi, 1858, a

paper on smoke rings and liquid rings, and described several

methods of studying them. In Professor Tail's "Recent Ad-
vances in Physical Science," a method of forming smoke nngs
is given. The apparatus consists merely of a large box closed

at one end by a thin sheet of india rubber, or with a tightly

stretched towel, and having a circular opening of six or eight

uches in diameter at the other. Clouds of sal-ammoniac vapor

are generated inside the box, and rings are expelled from the

opening by a blow upon the rubber or towel, fair

William Thomson suggests that two such boxes placed so that

the rings may impinge on each other at any angle would form a

useful apparatus for studying the behavior of such rings toward

each other. At the conclusion of this paper, several methods

of studying liquid rings will be described. When a drop of

Muid falls from a short distance into a liquid of less density,

Am- Joub. Sci—Thibd Series, Vol. XIII, No. 77,-May, 1877.
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in which it cannot diffuse, the conditions of its motion just after

the instant of its striking the surface of the liquid of less density

are indicated by the general equations of heterogeneous strains*
" For each particle we have the component velocities «, v, iv,

parallel to the fixed axes OX, OY, OZ. These have the fol-

lowing expressions

:

Eq. (1):
_
da d/3

x, y, z, t being independent variables, and a, /3, y, functions of

them. If the disturbed condition is so related to the initial

condition that every portion of the body can pass from its initial

to its disturbed position and strain, by a translation and a strain

without rotation,—i. e., if the three principal axes of the strain

at any point are lines of the substance which retain their paral-

lelism,—we must have

—

K»«I-36
and, if these equations are fulfilled, the strain is now rotational,

as specified." But these equations express that adx+pdy+ydz,
is the differential of a function of three independent variables

;

and therefore, in order that there may be no rotation, a strain

potential must exist. The forces which solicit the particles of

the drop when it rests upon the liquid of less density in which
it cannot diffuse are evidently their mutual attraction, a force

arising from the superficial tension of the liquid, and one aris-

ing from gravitation. It is evident, from a consideration of

these forces, that, after the drop has suffered a strain at the

surface, every portion of the drop cannot pass from its initial

position to the next following by a translation and a strain

without rotation. For the drop tends to return from a shape
approaching an oblate spheroid to that of a sphere. Equations
(2) do not hold, and a strain potential does not exist, and there-

fore this drop must rotate. This rotation is not in general of

the ring form. If, on the other hand, the drop of liquid can
diffuse itself in the liquid through which it falls, each particle

with the velocity u, v, w, is solicited at the moment of impact
by a superficial tension, by the force of gravitation, and by a

force arising from the rate of diffusion. In this case, there is

no tendency of the body to reassume the spheroidal or spheroid
form in its passage through the liquid. On the other hand, to

assume that each particle in the next state of the drop very near
that which it assumes on striking the free surface of the liquid
of less density, is translated without rotation, is to assume that
each particle is compelled to move in restrained limits which

* Thomson and Tait's Natural Philosophy.
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do not exist. For the components X1
, Y1

, Z1
, of the attraction,

which tend to make the non -diffusible drop reassume its spher-
ical form, we have in the case of the diffusible the components
X, Y, Z, of an external force arising from the superficial tension
of the liquid, and the impulse given to the drop.

If we follow the notation of Poisson* and Helmholtz,f we shall
have for the general equations of internal motion of a liquid

:

--^ 1 dp _du du du du "]

hfa-~dt + U
7lx^

V
d~y
+ W

dz I

v I dp dv
,

dv
,

du
,

du ! .Y -hdy = llt
+ u

dx + v
4y
+ WTz\ (3)

„ 1 dp die dw dw dw
\L ~hdz=Tt+ U

te +
V
-dAj + W

irz)

dh . dh
,

dh
,

dh dh
/t

.

-di
+u

dx +%+w
dz = Tt

(4)

du dv die ...

& + ^ + & = ° (5)

In which p is the pressure in a liquid at the point x, y, z:

X, Y, Z, are the components of the external forces acting on a
unit of mass ; and h is the density. When the variation of h

v small, we have Eq. (5). The forces X, Y, Z, are

considered to have a potential V. So that

and the velocities m, v, to, a velocity potential #. So that

or udx + vdy + wdz = dep,

and cp satisfying the equation

tfcp d^ <Fq>_
QW + dy*

+
dz*
~

which is what equation (5) becomes under the conditions e:

pressed above. We must therefore have

du _ch dv _ dw dw_du^ „ ..
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dy dx

and therefore " the existence of i

tent with the existence of rotati<

have seen from the equation of strain that the existence of a

strain potential is inconsistent with the rotation of a material

particle. Let us now see if vortex movement can arise in a

liquid from variation of density and pressure. Following Helm-

holtz's notation, we have, if ip is a function of x, y, z, t,

6,p_dtp drb dib d+
(

.

W-W+ U
dx- + V

dy-
+W

d7
Eq

-

(l0) '

Calling B,
x y, 8,, the components of the angular velocity, we can

obtain their variations by substituting them in succession in

Eq. (10). If we eliminate X, Y, Z, from Eqs. (3) by the help

of Eqs. (6), supposing that h and p are functions of x, y, a, t, we

obtain, introducing the values of £, y, Z7
from Eqs. (9)

:

w #„%** */«&
,
dw\

,
dv

,
Jho

,
1 Idh dp dhdp\

and similar expressions for the variations of y and Z. If the

variation of h is infinitely small, we obtain by the aid of Eq. (5)

:

85 JLu
,

dv
,
Jlw

itely small, we have the term

J^/dJ^dp _<
2hi

\dz~ dy <

which is independent of $, y, 8,, and de^

tion of h and p. This term enters into the expressions f

variations in the angn] -hows, therefore, that

a vortex movement can arise in a process of diffusion by a

variation in density and pressure, without the aid of initial

angular velocities. This condition can be shown experiment-

ally by dropping a somewhat dense solution of one of the aniline

colors into a mixture of glycerine and water. The original

ring, after ceasing to move downward in the mixture, breaks

up gradually into segments, which slowly in their turn assume

the ring form. A mixture of water and glycerine is not neces-

sary : peculiar cusp-like figures indicating the first stage of vor-

tical movement can be seen whenever a thin stratum of one
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liquid slowly diffuses itself through another liquid of different
density.

By a consideration of the equatio

given by Helmholtz, from which he draws the conclusion that
"each vortex line remains continually composed of the same
elements of fluid, and swims forward with" them in the fluid,"

we see, on introducing the new expressions which we have

found for — , &c, Eq. (11), that we approach nearer and nearer

to this theoretical conclusion when the variations of h are

smaller and smaller. Obviously, we should then obtain the

most perfect rings when the drop and the liquid in which the

motion takes place are composed of the same liquid. And,
therefore, a drop of water falling into water must form a more per-

fect ring than thatformed by a drop of any colored liquid ofgreater

density than water.

The formation of these liquid rings is as fascinating and as

simple an occupation as blowing soap-bubbles. All liquids

falling from such a height that the surface of the liquid is not

too much disturbed to enable the drop to be acted upon sym-

metrically by the forces at the free surface will form rings, if

too great differences of density do not exist, and if the drop can

diffuse in the liquid. The preceding mathematical discussion,

as we have seen, shows us that a drop of pure water on striking

the same element under the above conditions must necessarily

assume the ring shape. This can be shown experimentally by

covering the free surface of the water with a fine powder or

with matter in a fine state of subdivision. I have found that

an alcoholic tincture of ginger, which gives ©n the surface of

water a milky liquid consisting of particles in a fine state o

subdivision, answers the purpose very well. Fine particles will

be carried down by the jeen to rotate in a vor-

tex ring far below the surface. This fact can be stated, also, by

the employment of any of the aniline colors which are solvent

in water, the falling i ! i

Jowd solution, whose

specific gravity does not differ sensibly from that of water. 1 be

method that I have employed to produce the rings consists

merely of a small glass tube, slightly smaller at one end than

the other. A bit of cotton is wedged in nearer the larger end

over which a piece of flexible rubber tubing is slipped. VV ltn
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the aid of the mouth, one can fill this tube with liquid and
eject it in drops at pleasure. The same apparatu
to form the rings beneath the surface of the liquid. With a
tube bent horizontally, one can send the rings through a liquid
in any desired direction: and, by means of a three-way glass

joint and a small india-rubber bag, one can send forth, bj the

same impulse, two rings whose paths make any desir
with each other. By partly immersing the glass tubes connected

,

with the three-way tube in the free surface of the liquid, and
covering the surface of the water with fine powder, one can study
the mutual behavior of half vortex rings. A simpler method is

to illuminate, by means of a gas-light, the bottom of a flat, white
porcelain dish filled with water, and to observe the shadows of

the half-vortex rings on the bottom of the dish formed by the

movement of two spatulae along the surface. It can be readily
seen, by this simple method, that a half-vortex ring moving
near another in a parallel path and with a less velocity tends to

follow in the path of the first ; and that two equal half-vortex

ring in opposite directions along the same path separate
vortices which move at right angles to the path of the

original vortices. We can conclude, also, from this general dis-

cussion, that, whenever a mass of vapor of greater density than
the surrounding air is suddenly formed in the higher regions of

the atmosphere, it tends to descend through it in a vortex ring.

The results of the preceding discussion are as follows

:

1. An analogy between the strain potential and the velocity
potential is indicated.

2. It is shown that the formation of liquid rings is a necessary
result of the fundamental equations of strains and those of

hydrodynamics
; and that they constitute a general and not a

special phenomenon. A drop of water falling into water from
a suitable height must assume a ring shape.

3. Vortices can and do arise in certain processes of diffusion.

4. Simple methods of studying vortex motion in liquids are

given.

Art. XXXVni.—An account of the Discoveries in Vermont Geol-

ogy of the Rev. Augustus Wing
; by James D. Dana.

The death of the Rev. Augustus Wing, in January, 1876,
deprived the country of an excellent geological observer, and
science of the results, to a large extent, of his long labors*
JJunng the preceding summer, in July, I had the pleasure of an
excursion with him to various localities over the country between
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Rutland and Morikton, Vermont, and derived much profit from
the survey of the region he had explored, and from the inform-

al
for publication. His decease having prevented the *__

oomplishment of his purpose, I have felt it a duty to him and
to science to consent to perform, with the aid of such material

. as I could obtain, the unfulfilled task ; and the following article
is the result.

My sources of information have been two small note-books
and a few of his letters, received from his family through Prof.
Henry M. Seely, of Middlebury College. But these letters are,

in part, long accounts of his geological observations and views,
written at different times during the ten years over which his

explorations extended,—probably in response to enquiries from
those to whom they were addressed. Among them, one, of
many pages, bearing the date, August 9, 1872, is addressed to
me, and was written, as it states, on receiving a request from
me, dated August 3, for " a fuller account of the fossils of West
Rutland,'

1

a brief note on his discoveries by Mr. E. Billings,

being all hitherto published. No copy of this letter ever left

his hands, nor even an acknowledgment of the request ; and it

is probable that the same is true of the others. His disinclina-

tion to write, and his reluctance to make his results public, so

long as doubts remained, were, in all probability, the occasion
of these many unfinished epistles. But if hesitating with his

Pen, he was all energy and enthusiasm in exploration. Tt was
m 1865 that he came to the determination "to ascertain, if pos-

sible, the geological age of the limestones, slates and quartzytes
of Otter Creek Valley ;" and ever afterward he kept at it,

"tramping," as he says, "during all the time that could be

spared from vigorous teaching." He had his reward while going
on with his work ; for, as his writings show, he experienced the

delight of a child over his discoveries ; and, at the same time,

ne felt the confidence of a thorough worker, that the geological

truths developed would sooner or later find their place m the

science. He continued his field-work to the last ; and it was the

fatigue of an excursion in the autumn of 1875, when he was
already sixty-seven years old, that brought on his fatal illness.

It is to be regretted that his results were not earlier made
Public; for they would have given some errors in New Eng-
land geology a speedier extinction, and helped much to push

forward discovery. Mr. Wing, by the use of his spare time

amid the duties of teaching, accomplished vastly more for the

elucidation of the age of Vermont rocks than had been done
by the Vermont Geological Survey. The Vermont Beport pre-

• n .;.,.. * •'
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ations adjoining, but settles nothing ; while Mr. Wing's discov-

eries shed light not on these rocks alone, but also on the gen-
eral geology of New England and Eastern North America.

In preparing the following account of his results I have used
mainly his letter to me of August, 1872, it being the latest

detailed statement of his researches left by him, and it giving
1

'
s facts and views quite fully in the course of its sixty-two

But his earlier and later notes also have furnished some
All remarks of my own, or additional facts from others,

which are introduced beyond, are put in smaller type.

1. The Region.

The region studied by Mr. Wing is part of the area of the

crystalline limestone formation of Middle and Southern Vermont—the "Eolian limestone," as named by Hitchcock, in the Ver-
mont Geological Report* This limestone covers a wide cen-

tral north-and-south strip of country, extending from the south-
ern boundary of the State to Northern Monkton—a distance of

about one hundred miles. The limestone region is bordered
on the east almost continuously by ridges of quartzyte, or

s and slates, which extend along the western foot of

n Mountains. Besides, there are north-and-south
dividing ridges or belts of hydro-mica slatef and clay-slate,

with sometimes interstratitied quartzyte. On the west there
are, in some parts, other belts of the slate, and to the north,
near the great fault, areas of the Eed Sand-rock. These vari-

ous rocks are so associated that the study of all is involved in

that of the Eolian limestone. Moreover they together extend
southward into and through Massachusetts.

Mr. Wing's special field of exploration was the part of the lime-

stone region and of the adjoining country lying between Rutland
and Monkton. The Eolian limestone formation occupies the broad
valley -f " Otter Creek" (correctly Otter River), and also those
of its main tributaries.

The accompanying map is from the colored chart of the Ver-
mont Geological Report. Mr. Wing's notes suggest several
changes ; but only two of them have been made, because the
information is not sufficiently precise to warrant going further:
these are, the elongation of the "central belt of slate" to middle

_ , and the closing of the West Rutland limestone area
on the north by a junction of the area of slate on the east with the

* Report on the Geology of Vermont, by Edward Hitchcock, LL.D., Edward
Hitchcock Jr., M.D., Albert D. Hager, A.M., and Charles H. Hitchcock, A.M. Two
vols. 4to, 1861. Published by the authority of the State Legislature.

t The hydro-mica slates include the < T oee schist" of
**e Vermont Geological Report, " '

adopts hydro-mi

e of the results of the survey. Mr. Wing uses the term "Taleoid
is earlier notes, but adopts hydro-mica b]
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" great central slate belt," that limestone, according to Mr. Wing,
not extending to the pond in Pittsford. Besides these, the long

Tertiary area, following the eastern border of the main mass of

Eolian limestone has been omitted, since it was based on a few

local limonite deposits, which were mainly a result of the altera-

tion of either the limestone, or of the slates adjoining associated

with the quartzyte, or perhaps partly of the quartzyte itself where

Impure, and which were forming during earlier as well as later time.

On the map all the areas that are horizontally lined are lime-

stone areas; those vertically lined are slates (hydromica or argil-

laceous) ; the dotted area on the east is quartzyte, and the finely

dotted on the west and north, Red Sand-rock. The areas most

openly lined horizontally are those of the " Eolian limestone," the

crystalline or metamorphic limestone, which includes nearly all

the marbles of Vermont south of Monkton.
The main or eastern band of the Eolian limestone follows the

course of Otter Creek valley, and, no doubt, determined the posi-

tion of the valley. There is also, north of West Haven, a west-

ern band, more or less complete, lying to the west of the " central

belt of slate." This great slate-belt extends from Weybridge on

the north to the southwestern corner of the State, widening south-

ward and spreading into the State of New York. The part south

of Brandon has been called the Taconic range of mountains, it

being properly a continuation of the Taconic range of Massachu-

setts. This belt of slate, over its interior, consists mostly of clay-

slate or argillyte (good roofing-slate in many places) (A) ;
but,

B) there is a broad band of hydromica slate,

south of Whiting village, this belt is interrupted for a fourth of a

mile or so, according to Mr. Wing, and here the limestone to the

west of it connects with that to the east in Otter Creek valley.

The geological formations on the western border of Vermont,

including the Hudson River and Utica shales, with some lime-

stone in the former, the Trenton, Black River, Birdseye and

Chazy limestones, are mostly unaltered fossiliferous rocks, ana

hence their age was long since ascertained. The limestone areas

within that of the Hudson River slate are set down as Hudson
Mivi-r limestone in the Vermont map; but Mr. Wing's notes im-

ply that he thought them in part at least Trenton, yet without

any special discussion of the subject.

To the east of the eastern quartzyte range there is, east of Bns-

Vermont map calls " talcose con^

, an area of "talcose schist," tn<_ *«

belonging with the quartzyte, and the latter a hydromica slate,

evidence in the Vermont Report. Farther t-ast._

ranging from the southern boundary of the State, and much of

adjoining the quartzyte on the east side, there is on the

ad area of gneiss, often called Green Mountain gneiss.

rmt it is not all gneiss; for the Vermont Report states that

Mount Mansfield, the highest mountain of the Green
range, consist- pur\ ,.i I,]. Hti. liydr..inii i -late, md this I have
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found to be true. The true Red Sand-rock, existing more espe-
i -ially in the northern half of Vermont, toward Lake Champlain,
has been shown through its fossils, since the Vermont Report was
jMi'-li-hcl, to be Primordial. And, by recent discoveries also, it

has been proved that the Primordial of Northern Vermont inclndefl
an extensive formation of clay-slate—the Georgia slates—and a
red or reddish m..ttlc 1 limestone, extending from Canada south-
ward to Burlington, and in some parts fossiliferous, called the
Winooski limestone. These facts need to be kept in mind wli.n
*' id\in- tin metamorphierorksof Central and Southern Vermont
and Mr. Wing's views about them.

2. West Rutland Valley.

The "West Rutland, limestone valley, famous for its marble
is situated four and a half miles to the west of the

city of Rutland. It is separated from the wider limestone
band of central Vermont, in which the city of Rutland is situ-

ated, by three north-and-south ranges of rock ; the first, going
west, occurring at Rutland Center (C on map), consists, at the
Falls, of quartzyte and an underlying black glossv argillyte,

dipping to the southeastward 10° to 20° ; the second, is a nar-
row north-and-south strip of crystalline limestone ; the third a
narrow north-and-south ridge of black slate, closely resembling
that at Rutland Center, and like it in the general direction of
its dip, though varying much in the amount of dip and in the
strike. This last ridge of black slate makes the eastern

boundary of the West Rutland limestone valley, while the
slopes of the "great central belt of slate" constitute the west-
ern boundary. The rock of these latter slopes is a greenish

hydro-mica slate somewhat chloritic.

The limestone of West Rutland valley has a width across of

about a mile. It has throughout a high eastward dip—vary-

ing between 40° and 70° ; and the slates on the west, as well as

those on the east, have a corresponding eastward dip. Accord-
ing to Mr. Wing, this band of limestone does not connect on
the north with the great central limestone area of Vermont, as

the map of the Vermont Geological Report and also Plate vin
represent, but runs out in that direction before reaching the

pond in southern Pittsford, through the union of the slate

area of the east with the area on the west.

As first discovered by Mr. Wing, this band of limestone con-

tains fossils on both its eastern and western borders, and also

along its center. The marble quarries are situated on bands
°f highly crystalline white and clouded limestone between the

is borders and the center. The position is shown

are the slates of the two sid

belts of grayish fossiliferous
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The fossils of the western border are found in the south-

western part of the valley, just north of an old abandoned mar-

ble quarry, the most northern one on the west side of the val-

ley, where the rock is grayer than that of the center belt. The
rock here is distinctly and abundantly fossiliferous. It was

from this place, at a point rather nearer the quarries than the

slate, that the specimens were obtained by Mr. Wing which he

sent to Mr. Billings, for his examination. Among them, " a

small convoluted shell was in crowded abundance," which Mr.

Billings said were like Pleurotomaria staminea. A short distance

north, crinoidal disks and stems were common ; and among
these, Mr. Billings distinguished a plate of Pleurocystites tenui-

radiatus, a Chazy species. Mr. Billings adds to his note on the

fossils,* " I think this collection is Chazy. The Cystidean, Pleu-

rocystites tenuiradiatus, is a never-failing guide to the Chazy ;
at

least it is so on the west side of Lake Champlain."
On the eastern border of the valley, just east of the large

marble quarries, Mr. Wing states that he " found two large con-

voluted shells, with a Murchisonia of moderate size." The
limestone of this belt is gray like that of the western. The

fossils are, however, much rarer.

At my visit to West Rutland with Mr. Wing, we went first to

the central belt, to a place south of the railroad. The rock was

2 found to be, as he had de-

scribed it, literally full ot

fossils. Theu
is crowded with white

spots, often having the

spiral and other forms ot

half obliterated shells,

besides disks of Crinoids.

Some of the shells are

distorted Maeturea*

-the well-known Chazy

-~ species, and one of these,

having the appearance of a white spiral line, is here figured natHI^
size. Other similar specimens are four inches in diameter. The
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gray limestone of the western border of the valley was also found
to be abundantly fossiliferous. That of the eastern border, just
east of the marble quarries we examined, but in the short time
there, no distinct fossil forms were found.

Mr. Wing in his notes explains the position of the Chazy
belts in the limestone, and that of the slates either side by the
view that the slates lie in synclinals 3#

and the limestone in an abraded
anticlinal, as illustrated in the an-
nexed figure, making the slates / /
younger than the Chazy. He ob- I \

serves that he had suspected the \ \
existence of the Trenton outside
of the Chazy between the fossil-

iferous beds and the slates, but
that he had found no evidence of
it, and, moreover, the "space was too thin for the normal Tren-

If there is here but one anticlinal, there are two fossiliferous

levels in the limestone of the valley, and all the limestone is

Chazy; but if a double anticlinal exists, as is possible, though
perhaps not probable, then the marble belts may belong to a
stratum below the Chazy.
About three miles southwest of West Rutland, in the town of

Ira, and within the "great central belt of slates" there are,

according to the Vermont Geological Report (p. 432), two out-

crops of limestone which afford fossils, and deserve to be called

fossiliferous
; the fossils found were Encrinal disks, and shells re-

sembling a Euomphalus in form. Whether related to those of the

West Rutland Valley or not cannot be made out from the facts

stated.

3. Sudbury Limestone.

The Sudbury limestone belt is situated a little over twenty
miles north-northeast of West Rutland, on the west side of the

"great central belt of slate." The limestone lies between the

great band of slate and another on the west, and has a width

of two to three miles. The area is bounded both to the north

and south by slate, the western slate belt, which leaves the

great belt in Benson, joining it again twelve or fitt-

north, the rock for two miles south of the village of Whiting

being slate. Thus the area is isolated like that of West Rut-

Jand, and both may be said to be contained within the slate

belt. Still, there is a break or interruption in the eastern slate

belt toward Whiting, and through it the Sudbury limestone

connects directly, or is continuous, with that of Otter Creek

valley.
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In the Sudbury valley, \\ miles south of the? village, on the
land of Mr. Clark Morton, the Trenton trilobite, Trinuckus

us, was first found in May, 1866, in the blocks of a
stone wall which the owner said had been quarried near by

;

and, Mr. Wing says :
" I walked home that night—seven

miles—after sundown, glorying in. my discovery of a Trenton
fossil in Sir William Logan's Quebec'Group. I was, however,
dampened in all this on reading, after reaching home, in Pro-
fessor Hitchcock's Report, that the Trinixcleus had been pre-
viously found in a bowlder in Sudbury ; for I could not tell

whether mine came from a bowlder or not."* But "afterward,
in May, 1867, I discovered the Trenton trilobite near the same
spot, and in great abundance." It was associated with various
other Trenton fossils, twenty or more species of which were
later collected by Mr. Billings.

The limestone, like that of West Rutland, and the slates

adjoining, all dip eastward. The limestone accordingly, sav*
Mr. Wing, constitutes an anticlinal between two synclinals of

slate—those of the slate belts or ridges.
Mr. Wing also states that he afterward found the Trirwdem

us ten miles southeast of Sudbury (half way to West
Rutland) in Hubbardton, in a limestone band sixtv vards wide
in the heart of the "great central belt of slates;"" and also
farther south, one or two miles north of the slatc-M
West Castleton.

4. Eastern Orwell and Shoreham, Whiting and Cornwall

The towns directly north of Sudburv are Whiting and Corn-
wall, and those adjoining these on the" west, Orwell and Shore-
ham. The area of Eolian limestone—that of its west branch
—covers only the eastern half of Orwell and Shoreham, the

Cornwall, so that the western part of each of these towns is

*The Vermont Report says (p. 301) only this: "A bowlder of this rock

:.

'•
.

• - -
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covered with the western branch of the Eolian limestone, and
the eastern with the eastern or Otter Creek branch.
The preceding section is given by Mr. Wing to show the suc-

cession of formations across the whole limestone region, from
the Eed Sand-rock in Eastern Shoreham, to the quartzyte region
of Eastern Leicester, a distance of twelve or fourteen miles. It
shows the eastward dip throughout ; the narrow strip of slate
to the west of the middle ; and three sections of the Eolian
limestone east and west of this slate : a, Lower Calciferous ; b,

Upper Calciferous and Quebec; c, Chazy and Trenton; R S.,

Red Sand-rock ; SI., slates; Q, quartzyte. How far this con-
clusion is based on positive facts will be seen beyond.
On the east side of the slate in East Cornwall various fossils

were found in the limestone. These were sent to Mr. Billings,

who replied as follows :
" The specimens from East Cornwall

east of Dr. Porter's residence, and from a locality farther north,
are Stenopora fibrosa, St. Petropoliiana, Escharopora recta?, part
of the rim of a Trinucleus or Uarpes, and species of Orthis,

Strophomena, Rhynchonella and Orihoceras ;" and he added that

"they are no doubt Trenton."
North and south of East Cornwall, there are " Rhynchonella

beds" full of fossils, including pygidia of trilobites, a large

Much i, , Civics «i| Orthis. Encrinal disks, and other kinds;
and, half a mile south, one undoubted Baihyurus Saffordi, a

Quebec Group trilobite, was obtained.
Near the west border of Cornwall, at Bascom's ledge (three

miles west of south of West Cornwall and three and one-half

miles east of Shoreham), a bed in the "Eolian limestone" is called

by Mr. Wing the " Trilobite bed," it being almost made up of

remains of trilobites, with other fossils. It afforded—as identi-

fied in 1867 by Mr. Billings from specimens sent him by Mr.

Wing—Asaphus canalis, besides two other species of the genus,

two or three species of Batkyurus, one of them B. conicus, some
°f the cephalic spines of this species, three, four, and, four and

one-half inches long, besides Maclurea matutina and other con-

voluted shells. Mr. Billings made the species Calciferous.

East of Shoreham village the upper limestones hold Bathy-

urns extans Billings (Asaphus f extans Hall), a Birdseye species,

ria alveolata, of the Black River limestone, and the

Trenton trilobite, Trinucleus concentricws.
p

Barbour's Ledge, in southern Bridport, near Mr. J. Barbour s

residence, affords similar fossils to Bascom's Ledge, including

many pygidia of trilobites of the species Asaphus canalis, and

Bathyun, and also, in an overlying bed, Maclurea matutina and

other convoluted shells and trilobites.

The "Rhynchonella beds" extend from West Cornwall to a

mile or two south of Orwell, fifteen to eighteen miles. But m
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Orwell, in higher limestones immediately west of and underly-
ing the "sparry limestone," there occur Petraia profunda {?),

Stenopora fibrosa and St. Peiropolitana, "which may be Birdseye
species;" and at the bottom of a hill one and one-half miles

northeast of Orwell village, where the "sparry limestone is

largely developed," a number of large Maclureas were found
(one, as figured in the notes, three inches in its longer diam-
eter, and resembling fig. 2 on page 338), which seems to indi-

cate the presence of the Chazy limestone beneath the " sparry

limestone," or at its base. Higher up toward the top, there

are obscure fossils ; but at the top, near the slate, occur distinct

bivalves, and the coral Receptaculites Neptuni, which seems to

prove the " Sparry limestone" to be Trenton in age.

In northeastern Shoreham, two miles north of Shoreham
village, there is a limestone ledge called Mutton Hill, and here

several Lower Silurian formations are distinguishable by their

fossils. The rocks, in the words of Mr. Wing, have the follow-

ing ascending order

:

1. Light gray even-bedded sandstone, in beds six inches to

two or three feet thick ; six or eight feet at the top, honey-
combed with Scolithus linearis : Potsdam. 310 feet.

2. Dark iron-gray, feebly calcareous sandstone or quartzyte,

with Fucoids : Upper Potsdam ? 200 feet
3. Subcrystalline limestone, containing a small Orthoceras

and Encrinal disks : Lower Calciferous. 20-25 feet.

4. Dark greenish, fine-grained sandstone, the lower twelve

or fifteen feet perforated with small Scolithi (S. minutus), the

rest interstratified with dolomitic limestones, holding Ophileta

compacta, 0. complanata, (hence called the Ophi/eta beds), a few
other species of convoluted shells including two or three

Maclurece, a small Orthis {Orthisina), a Trilobite, etc. : Calcif-

erous. 300-400 feet.

No. 1 is at the western base of Mutton Hill and No. 4 is its

geological top.

In a second fold or anticlinal, Nos. 1, 2, 3 and 4 again come

5_8 up; and No. 3 is more than 200

N
6

'

7
feet thick and holds a number

OO°O
a °OHi f^^Ti of sma11 Orthocerata, two species

' of Gasteropoda, including a Ma-

clurea and a Bathyurus. The

mpanving figures by Mr.

^ vv ing serve to sustain his state-

||p 0° OQ ments. Figure 5, an Ort/iocerasw
apparently the Calciferous spe-

cies, 0. primigenium; 6, sections of Maclureas : 7, pygidium of

a Bathyurus
; 8, shell resembling a Holopea.
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In this "second fold," No. 4, or the "Ophileta beds," Scoli-

tJtn.s in- nidus and the Fucoid Paloeophycus arcuatus are abundant.
In the same fold, above No. 4, appears No. 5, called the

•'Irihbf/e In 'I "mi ( 'ii'/i/in/ii/rnle.'' It consists below of dark
bluish sandstone or quartzyte with green slaty seams containing
Fucoids ; then ten or fifteen feet of siliceous limestone, holding
a few small Trilobites and other fossils; then a conglomerate
made of flat and rounded pebbles from the quartzyte below

—

the flat ones one to two incht s across, the rounded, from coarse
-iioi to large bullets: the paste sometimes limestone; the slaty
sevens holding toward the bottom a small 'h-ii,,'.- <

(/,//,/'»;, ,<,), :i

st.iali Trihihiir. and, near the top, Maclurea sordida and M. matu-
Una in crowded abundance at some places. This "conglom-

may generally be traced along the west side of the great
slate belt without aid from its fossils."

At Bascom's Ledge, which is the " fourth fold " going east-

ern from Mutton Hill, Nos. 1, 2, 3, 4 and 5 occur, with their

basils, and the lower part of No. 5, the " Trilobite " or ''Con-

glomerate" bed exists in great force.
' The Trilobites (Asaphus,

etc.), and other fossils mentioned on page 341 are from this

bed, ten or twelve feet of it being made up almost entirely of

them. There is also above the ''conglomerate," No. 6, the

"Hhvnehoneiia beds" already mentioned—so called from "real

M - [ppoa id in the next (5th) fold." This
^ ,!

- 6 is a nearly pure, or feebly siliceous, or dolomitic lime-

' in grain and softer than the formations below,

athering to some shade of yellow, red, pink, or

. without fossils in the line of section of the 4th

fold.

Over No. 6 occurs No. 7, the Sparry Limestone, 400 to 600

: and No 8, the slate of the great belt, here perhaps

m or tOO feet thick. The Sparry Limestone is the stratum

that, one and a half miles northa - •
afforded

i seemed to prove" its Trenton

a?e: and is the Sudburv rock affording Trinucleus. The slate

would consequently be I i

: "-

The formations above recognized are. briefly, as follows:

b Sandstone.

—

Potsdam.
-

3. ••Subervstailme limesl

mg Orthoce

"Ophileta beds," part of Limestone."

(hlcijewus.

5. -Trilobite bed" and "Conglomerate," part of the "Eohan

Limestone."

—

Quebec Group.
, „ . -

6. " Rhynchonella beds " with the " striped stratum, part of

theEolian Limestone.— Chazy.
Am- Jope. Sci.-Thihd Series, Vol. XIII, No. 77.-May, 1877.
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7. "Sparry Limestone," part of the "Eolian Limestone."—
Trenton.

8. The slates of the "great central belt."

—

Hudson River

Slates (or, Cincinnati group).

5. Northern <_'>>,•,< n-iilj', llhldlebury, Weybridye.

Weybridge is the next town north of Cornwall, and Middle-

bury lies to the east of Southern Weybridge and Northern

Cornwall. The area of the Eolian limestone includes both

towns on the Vermont Geological Map.
Ellsworth Ledge is situated in North Cornwall, two and a

half miles northeast of " Bascom's Ledge," and two or three

miles west of Middlebury. It is Mr. Wing's fifth fold. The
" great central slate belt," instead of stopping in Cornwall as

represented on the Vermont Geological Map, continues on, as a

narrow belt, and part of the way a double belt, to middle

Weybridge.

base of Ellsworth Ledge (see

from Mr. Wing's notes) there is no

:r or Upper Potsdam, and No. 3 also is

formation is No. 4, the "Ophileta beds"

with their fossils; next No. 5, a, b, c, the "Trilobite bed " and

those associated ; next No. 6, the '• Rhynchonella beds,"

- ils• ; then No. 7, or the "Sparry Limestone," with

fossils, this and the preceding of unusual thickness; and No.

8, the Hudson River slate.

Overlying the " Conglomerate bed" (No. 5 b) there is a bed of

coarse limestones, (5 c) 100 or 200 feet thick, holding obscure

convoluted shells {Maclm-ea ?), a large Ort/iocerns and M •• "

sonia, and Bathyurus Saffordi, a species characteristic of the

Quebec group.

Above this stratum come the "Rhynchonella beds," (No. 6)

-00 to 400 feet thick, containing, in a " striped stra-

' ," characteristic of it, Rhynchonella- (?) in great abundance,
i Asaphus canal's and of one or two other species of

Asaphus, pygidia of Bathy>mn A ,.,, /„/. a Ckrzv species in

Canada; also species of Maclunu, <>,„.,. l.. r rdMn (a small

hand specimen containing them bv the thousands), Kncrum
stems, etc. This " striped stratum,"'twelve to fifteen feet thick,
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is overlaid by an inch or so of a dark slaty sandstone and then
by a stratum of white limestone (weathering yellow) six to
twelve inches thick. These "Bhyuchonella beds " are without
much doubt Chazy in part; the "upper part may be Birdseye
and Black Biver. Since the Birdseye and Black Biver do
certainly exist in Orwell and half a mile east of Shoreham
village, there is not much doubt that they exist here also.

The " Sparry limestone " does not here afford fossils. The age
of the rock is inferred from the fossiliferous beds farther south
in similar position in Cornwall, Sudbury, Hubbardton, the facts

respecting which have been already mentioned. Trenton lossiln

occur also in Benson, and on the same strike in Whitehall,
New York ;" so that " it is no longer to be doubted that the Tren-
ton limestone does exist in long bands stretching down on the
west side of the two belts of slate from Weybridge southward."
At Weybridge Upper Falls, on the right bank, the "Bhyn-

chonella beds " occur west of the slate, beneath the " Sparry

,
limestone;" and the "striped stratum," which is partly cut
through by the stream, is full of fossils, as first observed in

1867; and the species are the Ban md convo-
luted shells that*were found in the " Bhynchonella beds" west
of the slate in Cornwall—a fact which makes the two beds
identical in age. On the south side of the Falls occurs Retepora

incejjta. This makes the beds to be of the age of the Chazy,
and proves that the Chazy formation has a wide range, the

beds in Cornwall affi >r . Bathyurus Angelini,

leperditia, etc., as already stated. "No marble quarries in

Addisou county have been wrought in the Quebec Group; all

are now wrought in the Cbazv and formations above it, or in

the sheet of limestone at the bottom of the Calciferous."

In Middlebury, the "Sparry limestone" affords "very large

and eonspii m; they occur mostly near the

slate, like the few other fossils of this slate." The formation is

* continuation of that of East Cornwall.

The limestone bordering the "central slate belt on the east,

is the same formation with that on the west This has been

proved by the fossils, as alreadv stated. It is also shown by

.ate, which extends south from

Weybridge to join the wider belt of the southwestern part of

i n the north part of

Sudbury, the cut beino- 40 or 50 rods wide, as stated on page
839. "The limestone°at the break is certainly not lower than

the Chazy and Trenton, and it is continuous with the

- T.: . ...:. • ..; .- .;. -
.-.--'

of Otter Creek vallev on the other ; and hence the limestones

°n the east of the slate, in Otter Creek valley, must be of the

same age as those on the west."
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Moreover, other facts give us the age of the slates. " For the

limestones at the northern terminus of the slate seem to dip

down around under the slate. The limestones on the west dip

eastward beneath the slate, and so do the slates and limestone

beds on the east the slate being an inverted synclinal and the

limestones abraded anticlinals. Indeed, one of the fol<

slate shows the limestone continuing around under the syncli-

nal axis of the slate." "The evidence is plain that the slates

are decidedly the more recent." Moreover, thin beds of lime-

stone in the slate actually contain Trenton fossils (p. 339). -

The fact that the slates overlie the limestone, and are there-

fore Hudson Eiver slates, is further shown in the direct and

nearly horizontal superposition of the latter by the former in

several high summits south of Eutland, as in Mount Dorset or

Eolus in the town of Dorset; Dauby Mountain, on the borders

of Danbv and Dorset, just north of Eolus ; Equinox Mountain,

in the town of Manchester, the town next south of Dorset; in

Spruce Peak, in Arlington, to the southwest; in Mount

Anthony, in Bennington, farther south; and in Graylock, in

northern Berkshire, in Massachusetts.

The Vermont Geological Report mentions, on tin- ai

determinations by Professor Hall, the occurrence in the Eolian

limestone of a species ot Eu<riP[thilii« in Midburv and also in

Whiting; of a Zaphrenth in Sudbury, and also* in Cornwall,

h species of Euomphalvs and Chcetetes ; of Sfr<>/i><>t"/' f<'

in Sudbury. Orwt il and (ornw dl, and in Kast Mi Idlebury, Bran-

don, New Haven and Williston ; of large Encrinal stems in Sud-

bury and Cornwall; of a species of Stietopora "remarkably well

defined" in Sudbury.
The Vermont Report gives also the par-

the stratification in the above mentioned mountains, with sec-

t ional views of" some of them, which are here reproduced. Mount

lying in a very shallow synclinal 1,960 feet <

Spruce Peak. Arlington.

Danby Mountain is a continuation northward of the same moun-

tain. with the same structural conditions, but with the slate,

I to a rougl trigon< (Vt. Rep., P-

. In Mt. Equinox, which is 3,87-2 feet m

as in Mt. Eolus." In Spruce Peak, Arlington (fig. 11)," the slates,
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almost horizontal but in a shallow synclinal, constitute the larger

part of the height, and overlie about 300 feet of limestone hi

the Bennington Mountain, -Mt. Anthony (fig. 12), 2,688 feet hi_Ii,

the Knliau limestone makes the base, and over it are about k
- l,8i>0

feet <»f -hales and schists," dipping westward on the east side, and
slightly eastward on the west side. In Graylock (fig. 13), having

Mt. Anthony, Bennington. Graylock.

a height of 3,505 feet, the structure is like that of the

just described. The section of the mountain here given, . ••]>ic<l

from the Vermont Report, is that published by Prof. Emmons.
My own observations in the region, undertaken under the nl.-a

that Prof. Emmons's view was wrong, ended in proving him right.

Over 2,000 feet of slates overlie the limestone.

Again, the occurrence of isolated north-and-south belts or

ledges' ofJinn- n within rh* givat centra -^ r
> >elt "—as foi

example, those of West Kutland/lra, Castleton, Hubbardton, Sud-

bury—suggests, first, that the slate where broadest is not one

synclinal, but one with several subordinate antielinals and smi-

raa brought up to the

surface from beneath by means of the antielinals.

It remains to give an account of the fossils and -

of the limestone and quartzvte of Xorth Middh bury and New
Haven; of the eastern belt of quartzyte and the bordering

limestone; and of the °reat faull wes
} ,

of

iry • and to present the general conclusion deduced by

Mr. Wing from his observations.

(To be continued.)

ART. XXXIX.—Notes on the History of Helianihus tuberosus, the

so-called Jerusalem Artichoke; by J- HAMMOND TRUMBULL
and Asa Gray.

Under this heading the Botanical Editor of the Journal

Proposes to offer a few explanatory
the subjoined letter which he received from Mr. Trumbull in

answer to a recent enquiry- ,, ,• a
Warns, in the Species Plantarum, gave to Helianihus

"his earlier Hortus

MiffortianuTthe h 3 "Canada." M. Alphonse
habitat
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DeCandolle, in his Geographic Botanique, ii, 824, (1855). refers

to this as "decidedly an error, at least as to Canad
BO called," assigns good reasons for the opinion that it did not
come from Brazil, nor from Peru (to which the name under
which it appeared in cultivation in the Farnese garden seemed
to refer), but in all probability from Mexico or the United
States. He adds that Humboldt did not meet with it in anv
of the Spanish colonies.

About this time I received from my friend and correspondent,
the late Dr. Short of Kentucky, some lony and narrow tuners
"'' H' "i 'il>>is th.ru.n'r'u'tl, - Lam.,"with the statement that he and
some of his neighbors found ihem good food for hogs, and, if

remember, had planted them for that purpose. They
were planted here in the Botanic Garden ; after two or three

.years it was found that some of the tubers produced were
thicker and shorter; some of these were cooked along with

i artichokes, and found to resemble them in flavor,

although coarser. Consequently, in the second edition of my
Ma,, mi' of the Botany of the Norther,! United .state (1856), it is

stated that H. doronicAdes is most probably the original of H-
tuberosus. This opinion was strengthened year after year by
the behavior of the tubers, and by the close similarity of the

herbage and flowers of the two plants, as they grew' side by
side; indeed, as the two patches were allowed to run together
in a waste or neglected place, they have become in a measure
confounded. Wishing to obtain an unmixed stock, I applied

nan to Prof. J. M. Coulter of Hanover, Indi
received from him a good number of tubers from wild plants

of the neighborhood, which will now be grown. Some of these

were slender, some thicker and shorter, and a few were to all

appearance identical with Jerusalem artichokes. If thev were
really all from one stock, as there is reason to believe, the

question of the origin of Helianthus tuberosus is well nigh
settled.

We were now interested to know whether our Indians—at

least those of the Mississippi Valley, where H. do
belongs,—were known to cultivate these tubers or to use them
for food. Recently a note in th< tirist called

attention to a sentence in Dr. Palfrev's History of New Eng-
land, i, 27, stating that tl - Indiai - of rh it iv/uiii raised, among

lesoffood, "a species of sunflower, whose esculent
tuberous root resembled the artichoke in taste." The venerable
historian found himself at the moment unable to refer me to

the sources of this statement ; but, as it was now certain that

some record of the kind existed, I applied to Mr. Trumbull,
who obligingly and promptly snp ,n required,
and placed it at my disposal in the following letter :—
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Hartford, Conn., March 26, 1877.

My dear Prof. Gray:—I cannot refer you to the authority
f

' ' > >< f«.i D J' ,i \ - ~
r i

• ut that the Indians of
New England cultivated " a species of sunflower whose esculent

tuberous root resembled the artichoke in taste." but there can
be, I think, little doubt of the fact. The historical evidence
that ''artischoki sub terra" were cultivated in Canada and in

some parts of New England before the corning of Europeans is

tolerably clear. The only question, if there be any, is as to

species, and this does not appear to have been raised for more
than half a century aftm the -Jerusalem artichoke" was known

and Continonial botanists.

I can discover no authoritv whatever, before 1700, for ascrib-

ing to the lb 'ri,,il,n< tuh,ri^'ns, either a Brazilian or a Mexican
origin, except— and the exception is unimportant — in C.

Bauhin's identification (in his Pi.>,a.r, 277) with - Helianthemum
Iitdicum tuberosum " (H. tuberosus, L.), of a plant that he had
described in lib. m.rimr /'/< ,l„,,am{e&. 1671, p. 70) as "Chrysan-
themum hitifblium BrasiHannm." from a dried specimen sent

to him "eo nomine" from the garden of Contarini.

The first trace I find of this species, in Europe, is in the

2d part (cap. 6) of Fabio Ommna'- " E -phm^ minus cognita-

rum stirpium," published at Eome in 1616. He described it

from a plan; den of Cardinal Farnese. The
sunflower was already well known to European botanist-, and

had been d. - -.v Dodoena (1563) and Lobel

(1576) as "Chrysanl
' and " F1; * >,,hs

P ,„,;.,„„.<;' With reference to these d-
Colonna eav, the m : -

t

a,- tl . mm >i " A-t.

tuberosar..! daim-. (lie gave

a more particular d^m. .tion of the pla it i i his .

to Recchi's Hernandez. Plant. Mexi- . Hist., 1651, pp. 878, 881,

as '• Peruanus Solis flos ex ftidiis tuberosus.
7

)

Theauth , inHorto

Farnesiano," published under the name of Tobias Aldmus

(Rome, 1625), gave some account of the roofs, which be calls

"Tubera I, .
,- tuben-a-. -u Flos Fames-

lanus Fabii Columna3 "
(p. 91). It may be observed, that sev-

•

from "Cane m-fadmir-

} n Al liuusi is described under its 1
-,

' Mo-,,,,
;

-
, „. -M,,-,.

'.-• of John Smith and Strachey)

,

B .therwiee named "Campan-

VS^VZ : in 1623), ed. 1671

p. 276, no-- lemum Indicum tuberosum is

i rvsanthemum e Canada, quibusdam. Canada et A.r-

tischoki sub terra, aliis. Gigantea, £urgundis.
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Pv Laurenberg, Apparal. plant. (Eostock, 1632), names the
species. "A<lcnt\- C<i,imh,^<s or FIik Soli- / indnhwus." Ant,
\ lilor //,„ //« // /, />,/, lH<5.-» (i.-citcl \ J", i ninuix ^ th

names •' Canada and Arlt'.->chol:i sub terra.
' and " Canada*." and

describes, also, "Helenium Canadense altissimum, Fosacon
dictum," which Tourneiort distinguishes as

u Corona Solis

rapuhculi radice" (Inst. Herb. 490). and which became //.

straniosHs L, " Vosacan," by the way, is a French fashion of

writing the Algonkin word wassahone or wassahivdn. which
moans a •

! -right yellow flower.' The modern Chippeways give
this name to the flowers of the pumpkin and squash.
Under whatever name- the Jeroi a desjeribed,

there seems to have been a general agreement among European
botanists that it came from Canada. F. Schuyl, fatal. 8mH
Lugd. Bat. (Heidelberg, 1672), varies the specific name to

"Chrysanthemum Canadense Arumositm." P. Amman, Chamc.
Plant. Xat. (1676), has "Helenium Canadense."

It was introduced to England about 1617. In that year. Mr.
John Goodyer, of Maple Durham, Hampshire, "received two
small roots thereof, from Mr. Franquevill of London," which
were planted, and enabled him, before 1621, to "store Hamp-
shire." He wrote an account of the plant, under date of Octo-
ber 17, 1621, for T. Johnson—who printed it in his edition of

Gerard, 1636 (p. 753). Before this the species had been figured
and described by J. Pai 1 u-ou. m l'a,ad w^ /; , s/m (London,
1629), as "Battatas de Canada" and in his Theater of Plants,

1640 (p. 1383), he has the figure- > e i on with
description, under the names "Battatas de Ca a< a, th< kreii< i

Battatas, or Hierusalem Artichoke." Johnson, in Gerard (p.

753), refers to Parkinson's description, and oiv«- the name as

"Flo< Solis Pvrai hoke." It already
grew "well and plentifully in many parts of England."
The notices by early voyagers, of ground-nuts, eaten by the

Indians, are generally so brief and "so vaaue, that it is riot

easy to distinguish the three or four species mentioned under
that Damp or its equivalents. The Solatium tnU-m.ni.in, .<i

,io "

tnh-rnsa, Araiai t, /,,/;,>. nl a (\, ,n- virliraUiti/x ? )
wen aU

"ground nuts," or '"earth nuts." We find, however, in a few
instances, unmistakable mention of the roots alreadv known in

Europe as "Canadian."
Brereton, in his account of Gosnold's voyage to New Eng-

land in 1602, notes the "great store of -round nuts" found on
•all the Elizabeth Islands. They grow "forty together on a

- h ; -as a hen's ...
" d'.uvluK iv, 16'>1>-

These, doubtless, were the roots ot Ajuo, tnUm.u. But when

3 in the same region,
he observed that the " Almouchiquois " Indians near Point
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Mallebarre (Nauset harbor, probably,) bad "force des ratines

nt, leBquelles vat k gout d'arti'chaut" (Voyages, ed.

1632, p. 84). And it is to these roots, evidently, that Lescar-

bot alludes, Histoire de la Nouv. France, 1612 (p. 840): there

is. he says, in the country of the Armouchiquois (i. e., New
England,' west and south 'of Maine,) a certain kind of roots

"grosses comrne naveaux, tres excellentes k manger, ayans «n
•' uiij- card?*, mais pins aureablc. h -'[«>

e e'est merveille;" and he thinks

these must be the " Afrodilles " described by Pliny.

Sagard-Theodat (Hist du Canada, 1636, p. 785) mentions the

cultivation of the sunflower, by the Hurons—who extn

from its seeds,—and names also the "roots that we [the French]

call Canadiennes or Pommes de Canada, and that the Hurons

call Orasqueinta, which are not very (assez peu) common m
their country. They eat them raw, as well as cooked, as they

eat another sort of root resembling parsnips [Sium h

which they call SomUuvtaU's, and which are much- better; but

: gave ns these, and only when they received some

present from us or when we visited them in their cabins. lie

goes on to speak of " patates, fort grosses et tres-excellentes,"

some of which he had obtained from an English vessel cap-

tured by the French ; but none of these were to be found in

the Huron country, nor could the Indians tell him t

of them; and he regretted that he had not brought some with

him, for planting, since "this root, being cut in pi<

planted, quickly grows and multiplies t is said '«

pommes de Canada" (pp. 781, 782). It is plain that the Huron

roots iirst-mcntioncd were, or t
- -em to be,

' Jerusalem Artichokes,'—already known as " Canadian.

I find no mention of the artichoke in Virginia, or tne s. ...i hern

colonies, before it was cultivated by AngL
author of " A Perfect Description of Virginia, print-

... .. 254> mentions "Batatas
, some ot

. Yet, the name of one of the

- m.-ntiou 11 v IL.riot.B i -l ^;"
1585) ought to belong to some species of -bun flower —ami 11

to any, to // II » n » * - •

reus roote

found in Virgin ,. • <r »•>»' :
kinder roots ot

.

some of the bignea & B™**. ^t Ze
-

:
-..:.... ,r. -

•'
-. -:'

•

-- -'' " ~
./.

by another in ropes, or as though they were rasteoe

string. Being boiled or sodden, they are very go,

[C. Bauhin (Prodromus, 89) identifies these with Solanum
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tuberosum esculentum,"—and has been followed by later wri-
ters. The description seems to me to indicate Apios tuberosa.]
"

Jx ,,J
> '/" "'// '. ;i whirr kind of roots about the bignes of hen

egs and nere of that forme: their taste was not so good to our
seeming as of the other, and therefore their place and manner
of growing not so much cared for- by vs : the inhabitants

voiding vsed to boile and eat many." These may be
'Virginia potatoes,' but their nam, . if H.mi.i recorded it cor-

rectly, means 'San-tubers.' The etymology is perfectly dear*
r roots described by Hariot, " Okeepenauk are 'also of

round shape, found in dry grounds : some are of the bignes
of a man's head," etc. These must be the "Tubera terra

ton, "vulgo Tuckahoo," which Gronovius (Fl.

Virgin., .205) refers to Lycoperdon solidum L. and for which
L ii, 270) proposed a new genus '-Tucahus."

. i. 225) as "Truffles." Fries (El.

F'U';--. •' •'" ii-ns them to his Pachyma cocos.
W ritmg iu haste and with frequent interruptions, it has been

possible to do little more than copy, without condensing or

such notes as I had before me. They have extended
to such a length that I must not add even an' apology for the
superfluous matter. Yours truly,

J. H. Tkumbull.
It would be interesting to know whence came the French

name of these Helianthus tubers, "Topinambour," it being the

. in the < ase which, as Mr. Trumbull remarks, "looks
to a Brazil--

9 i be derived (and so Littre
gives it) from the Topinamboux Indians of Biazi'l." The En-
glish name, "Jerusalem Artichoke," comes, as is well known,
from the Italian Oirasola, i. e., sun-flower.
As to the annual sunflower, or /ft-h'ant/nts an,nuts, said by

Linnaeus to come from ;
' Peru" and " Mexico," I have for some

n convinced that its original is the H. lentiavari* of

Douglas, which again is probably only a larger form of H.

- Xuttall. natives of the western part of the Mivds-
and of the plains to and beyond the Rocky Moun-

tains. It is an interesting confirmation of this opinion, that

! in the above communication) and Cham-
>d this sunflower in cultivation by the Huron In-

die sake of the oil of its seeds, which they used for
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Art. XL.—J. new Investigation of one of the Laws of Friction :

by A. S. Kimball, Professor of Physics in the Worcester
Institute of Industrial Science.

Reuleaux, in the appendix to bis recently published "Cin-
ematics of Machinery," says that ''many engineering schemes
have failed because they were designed in accordance with the

its given in our text-books as the laws of friction."

He furthermore adds, "that it is time that the experiments of

Bochet and Hirn should be raised from their place as foot-notes
to a position in the text."

During the last year, I have conducted experiments, on as

extensive a scale as our laboratory would allow, for the purpose
of settling, if possible, certain contested points in the doctrine

of friction.

Our manuals of mechanics, following Morin and Coulomb,
say the coefficient of friction does not. vary with the velocity.

Bochet says that it decreases as the velocity in, r, as, s. Hii n says

that it increases as the velocity increases. Contradictory as these

statements are, it is probable that each contains a partial truth.

They need to be combined to make a romp!, t* st itemeut

The results of my experiments, which this paper is to de-

scribe, would indicate that the following is the true law, within

the range of my experience. The coefficient of friction at very

low vel .<-iti - is stu . it ii reuses u> idly at first, then more
gradually as the velocity increases, until at a certain rate, which

depends upon the nature of the surfaces in contact and the

intensity of the pressure, a maximum coefficient is reached.

As the" velocity continues to increase bevond this point, the

coefficient decreases. An increase in the intensity of the press-

ure (the number of pounds on a square inch), changes the posi-

tion of the maximum coefficient, and makes it convsp md to a

smaller velocity. The more yielding the materials between

which the friction -urs tl • hiirher is tin vel -cm ,t which

the maximum coefficient is found. Heating the rubbing bodies

mi j < tl • .sition of the maximum coefficient to a higher

velocity, since l,v heat the h. ii s are ma 1c soft. r. and are caused

to yield to pressure-with greater ease F- >r a n .nMderable range

coefficient is sensibly constant.

sified as follows

.

-) Sliding friction down an inclined pi;

Sliding frictio
- a a horizontal plai

of belts on the surface of cast iron pulleys.
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(4.) Friction of wrought iron journals in boxes or bearings
of different materials.

m
(1.) Sliding friction down an inclined plane.—A full descrip-

tion of the apparatus used, and some of the results obtained, will'

be found in this Journal, March, 1876 ; also in Van Nostrand's
Eclectic Engineering Journal, June, 1876. It is sufficient for raj
purpose to say that the sliding body was made to carry a smoked
glass, upon which was traced a waved line, which by direct

measurement gave the time of sliding and the spaces passed
over, from which it was easy to compute the corres
coefficients of friction. In the article referred to, no velocities
less than two feet a minute were examined. An extension of

.

the same experiment, to the case of much lower velocities,

showed a curve concave toward the time line, indicating that
at these velocities the coefficient of friction was increasing. As
the velocities increased, the line changed its direction and be-

came convex toward the time line; thus giving in the limits
of one experiment a verification of the statements made above.
For further particulars respecting this method of experiment, I

refer to the article published in March of last year.
(2.) Shdi„>i frntion ,it nnijnru, f,</nri(i,s <,,, it horizontal plane.

—A heavy pine plank, fifteen feet long, whose surface had been
ied, was carefully leveled on the floor of the laboratory.

i weight-box was mounted upon shoes which could be cov-
ered with the material experimented upon. To its forward end
a spring d\ manometer ,V : - attached, aln-h was pulled by a
cord wound around a drum, which was made to revolve at a

i locity. The motive power was a fifteen horse-power
Corliss engine, belonging to our machine shop, whose fly-wheel
runs with great regularity at the rate of sixty revolutions a
minute. A shaft from the shop runs underground to the cellar

•

beneath my laboratory, whence through several countershafts
the power is transmitted. to any part of the room. By means of

change pulleys, I can easily command a great range of veloci-

The experiments were made by drawing the box along the
plane at various velocities, and lvadimr the friction from the
dynamometer. This combination answers very well for low

not be easily stopped when the
speed is great.

J PP

Several series of experiments were made, with wood on wood,
also with leather on wood. The results verify the first part of

rfih the

! of the

h,:
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nr,e, Slid,? loaded with 100 lbs.
"

Coefficient of Friction.

466' '47£

These experiments show the increase of friction with the

velocity at low speeds quite clcarlv: unci in connection with
the series published last March,
hiyli velocit s. vould prov< tl high .probability of the law as

I have stated it, esj < the inclined

plane has been made to show a variation of the coefficient from

a low vain , to a I iv yalue again, while

the velocity constant] v increases.

* of leather belting was hung over a easl iron pulley. To one

end a determined tension was given by a fixed weight; to the

other end v > dynamometer. The tension of

the ends of the belt being known, the coefficient of friction was

'--ib found. Several pullevs were us! 1. and various kinds of

belting; and a considerable range of tensions was employed,

with uniform results.

Two tables are here given, one selected to show the increase

of the coefficient at low
&
speeds, the other to show the

of a maximum coefficient at a delink, velocity. In the third

table, the Hist c < fun n uives tin <

the second and third give the tensions of the ends of the belt

;

and the fourth gives the relative values of the coefficients found,

*e maximum in each case being represented by l'OO. I give

. e thev show variations more clearly than

the absolute values.
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Table III.

the following table only velocities and relative coefficients

Table IV.

>
(4) Friction of wrought iron journals in boxes of different mate-

rials.—In this course of experiments a modification of the fric-

tion brake was used. A description of the arrangement in one
series will serve for all the others. A shaft 1" in diameter was
adjusted so that it could be driven at almost any rate between
one revolution in two days and 1,000 in a minute. A hole was

t

bored through a block of cast iron 3£"x3$"x If, and carefully

shaft; rigid iron rods were screwed into the top

vertical line

ogles to the shaft. Upon these rods slotted weighta
could be placed, and thus the pressure upon the shaft and the

center of gravity of the brake could be readilv adjusted. Upon
the front of the block a plane mirror was fastened, and before

-venient distance, were placed a scale and telescope.
When the shaft was turned, the friction between it and the

brake caused the latter to turn until the moment of th<

-\ to that of the brake, and the angle at which this

equality was established could be read from the scale bv the
telescope As the center of gravity was alwavs adjusted so

that the brake never revolved through an an<rle of more than
three degrees, the scale readings were approximately propor-
tional to the coefficient of friction ; and since relative and not
absolute results were sought for, the labor of reduction was
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not undertaken. Several tables will be given to illustrate the
method of conducting a series of experiments with this appa-

Table V.

Wrought iron shaft, 1" diam. ; box, cast iron, W long; load, 100 lbs.

Shaft well oiled.

Velocity of the circumference of the shaft.

No. ], 72". No. 2, 272". No. 3, 605". No. 4, 1320".

Scale readings 515 500

Mean
Position of equilibrium 464 464 464 464

"Deflections 55 33 22 16

-Relative values of the coefficient offriction.

No. 1, 1-00. No. 2, "60. No. 3, -40. • No. 4, -29.

The results given above were made with high velocities, and
show coefficients of friction decreasing as the velocity increases.

.The results of a similar series with very low speeds are

?iven in the next table.

Table VI.

Velocity of the circumference of
•02**; No. 3. -060"! No,

To. 1, -007'; No. 2,

_ . 3^-060'; No. 4, -132' in a minute.

No. l, -37. No. 2, -51. No. 3, -73. No. 4, TOO.

These results, unlike those of the former table, show a coeffi-

cient of friction increasing as the velocity increases.

A large number of experiments similar to those given above

have been made with uniform results.
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I have been able to verify experimentally the law stated

early in this paper in the following cases : wood sliding on
wood, wood on iron, leather on in mi. zinc on iron, and copper
on iron ; and to obtain results verifying the first half of the

law in the case of leather on wood.
The experiments above detailed make it easy to ex

various results obtained by the three authorities quoted at the

beginning of this paper. Morin experimented under conditions
which gave him a coefficient very near the maximum, and thus

his results are approximately constant. Bochet experimented
with railway trains, his conditions were high speeds, hard

rubbing surfaces, and great intensity of pressure. All these

circumstances are favorable to the result he obtained, namely,
a coefficient decreasing as the velocity increases. Hirn, on the

other hand, employed very light pressures, less than two pounds
on a square inch, and kept his rubbing surfaces so t ion>u-hh

is between oil and oil instead of

two metal surfaces; his speeds were not very great. These
conditions. are precisely the ones I have found' favorable to the

results he reached,—a coefficient, increasing as the velocity

increases. It would be very easy to form a theory which
would account for the- variation of friction with the velocity,

under the rule I have given.
It is well known, that if a given deflection in a bar is pro-

duced by a weight acting for five seconds, for exam]
the same deflection may be produced, by a less weight, acting

for a longer time. Now, as the force required to overcome
friction is. partially at least, expended in bending down the

minute irregularities on the surface of the rubbing bodies, it

becomes evident how, other things being equal, a rapid motion
would call for the exertion of a greater force than would he

required if the motion were slow.
On the other .hand, the longer two surfaces under pressure

are in contact the greater must be the interlocking of the irregu-

larities upon the rubbing surfaces. On this account a rapid

motion would not require the expenditure of so great a force to

overcome the friction. Thus, we have two effects, varying
with the velocity, but having opposite signs. Now it is not

probable, from the nature of the case, that these effects are

'qua!, or even proportional, and thus we can, at

are favorable to the existence

of a maximum resultant effect. Having, however, ascertained

the fact by experiment, the explanation becomes a matter of

minor importance.
It may be said that these facts have no practical importance

at the velocities ordinarily employed. I would call attention

a the veloc-

t the velocities ordinarily employed. I
> Table V, where it will be seen that by
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ity of shafting within the limits of ordinary shop practice, a
reduction of the coefficient of friction of quite .titty per cent
may be made. The pressure on the shaft might also be reduced,
for it would be unnecessary to maintain so great a tension upon
the belts, and thus in some cases a very considerable economy
of power might be effected. We know that in many shops a
large fraction of the power developed by the engine is expended
in overcoming the friction of the shafting and machinery.
On the other hand, it is desirable that the friction of the belt

upon the pulley should be as great as possible. The conditions

usually met with, which determine the friction of belts, are,

low intensities of pressure, a rubbing surface which yields with
considerable ease. In such cases a high speed is needed to

develop the greatest amount of friction. See Tables III and

experimental v Ration.

I hope soon to be able to give tabulated results,

have a certain practical value to working engineers.

Art. XLL—Examination of American Minerals. No. 6.—
Description of Cohunhir Arid M->^rohjr»m „>><

the Unitea

the name C»lnm/.i»»i to the element now call"'
1

!

Description and anal)/ r ( >••••-. v
' ' - ''

•
/'' " >'>>'

and Venj. > >> - UaH: W 'it , and Rogers ite

;

by J. Lawrence Smith, Louisville, Ky.

It is the common practice <

-*~ nn(^ m^n "

eralogists to speak of the metal which is called X<ol ><m by

English and continental chemi-t-. as ( ambi> < This is emi-

nently just, since the 11 eti was disc v, red

named columbium. h '
the name Dlob"Jf

«- given to it. Tl e change of nm ie was caused by a double

still n no wa\ . »\-ted ith t filial bservatiuns in

1801 bv Prof. Hatchett of England.
These mistakes arose as follows:—In the first place, Eke-

bergdisem. .
:
he called

' ' ' •

and columbium were synonymous terms in all works on chem-

istry, tli

' r: H?! "

ondlj, when II. Eose made his well-known ex

researches on the columbite of Bodenmais, he showed that this

Am. Joub. 8ci.-Third Sebie8, Vol. XHI, No. ?7.-Mat, 1877.
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mineral contained not one but two metallic acids ; one of these
was tantalum, and the other he supposed to be a new metal
which he named niobium.*

Subsequent examination, however, convinced Eose (and his
n>n -InsHjns have been confirmed bv others who have repeated
his experiments), that the two &• .,.,] from the
Bo i, umais columbite were really the original columbic acid of
Hatcbett, discovered in 1801, and the tantalic acid discovered
by Ekeberg in 1802. Instead, however, of calling the first

mentioned acid niobic acid, its original name should have been
left to it. The result of Eose's researches was in fact sitnplv
the demonstration of the actual difference of Columbian, and

i : for Hatchett's discovery was clear, precise, and well

made out, and has never been controverted.
This being a correct summary of the history of the composi-

tion of the columbium minerals, it is but right, just, and in

with chemical and mineralogical precedence, that
the name given by the discoverer should replace that of nio-

bium, which originated forty-five years later.
A point of less importance, but worthy of some considera-

tll
;'

ii - is
;

tilal t!ii< element derived its name from the country in

which it was discovered, it being the first and up to the pres-

ent time, the onlv element discovered in that part of America
usually named Columbia.

In addition to the above, an interesting fact connected with
the minerals of this group, is, thai save one or

two, have been discovered in greater quantities and in larger

Crystals m the United States than in other known localities;

for crystals of columbite weighing from one-half to seven
kilograms have been found at ~or near the locality where the

specimen was obtained that was sent to Hatchett. and several
other localities t :ir -em I from the original one have since
been brought to light. More recently, the highlv ii

'lumbate, samarskite, has been discovered in a local-

rth Carolina, and already at one spot five hundred
kilograms have been taken out. Among the minerals from this

-. besides the samarskite and columbite, I have
detected two new columbates, and also good specimens of
euxenite. More recently, I have found columbite embedded

-'

croai El Paso County, Colorado, and which are the
~* -" mineralogists.

Besides the abov although
I in size, has been found non of Eock-
Mass. In fact, if we look at the localil

"

^

Rose still supposing that this tantalum was the sa
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minerals on the North American continent, they will be found
to range from Greenland in the north to Carolina in the south,
from Massachusetts on the east to Colorado on the west

After these remarks in reference to the restoration of the
name columbium among the elements, replacing that of nio-
bium. I will detail my researches upon the more recently dis-

covered columbates.

Cohtmbitefrom North Carolina.

This mineral has been found during the past few years at the
mica mines in Mitchel County, and in Yancey County near
Burnsville, in the State of North Carolina. It occurs in rocks
belonging to the same epoch as those in which the samarskite
was el ^covered, an 1 which will be mentioned more fully when
the latter mineral is described.

There is nothing peculiar or striking in the crystalline form
of the mineral astound at this locality; many of the crystals

that have come under my observation have been compressed
and distorted, s is not un frequently the case with minerals

associated with mica. Most commonly I have seen it in irreg-

ular lumps weighing from five to one hundred grams. Sev-
eral phccs have been sent to me under the supposition that

they were tantalite, but in no instance have I found it to be the

case, the specific gravity never exceeding 5'5 to 5 -

6.

The specific gravity 'of the i
d both for

the crystals and for the massive variety is as follows

:

Crystals 5-562

Massive 5-485

The analyses of both varieties show that they are chemically

identical. The average of several analyses which agreed very

closely, is:
Massive. Crystals.

Columbic acid* 80-82 80-06

Tungstic and stannic acids .— 1 "02 1 '21

Iron protoxide..--- 8
''

73 14
|

14

Manganese protoxide 8 '60 5 '21

Copper oxide trace

99-17 100-62

The distinctive peculiarity of the composition of this colum-

bite is tl manganese oxide compared with

that of the - :

"'•• lt bemo greater tban

that given in the amdvsis of any other columbite,

ft

* I refer to the metallic ad; ' Y^fy^^^SS,
and also becaust

' rati°g the two adds haTO

given satisfactory results in my hands.
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Columbite from Colorado.

Among the magnificent and gigantic crystals of Amazou-
stone recently discovered in El Paso Co.,' Colorado—and so

energetically explored by A. E. Foote—some specimens were

shown me having small black acicular crystals imbedded just

beneath their surface, Carefully detaching them from the feld-

spar, by no means an easy task,' and examining the crystalline

form, and subsequently the chemical composition, I found them
to be columbite. A few small and well-marked crystals have

been detached : the largest was a flattened, imperfect crystal,

weighing one and one-half grams. Most commonly they

are only in the. form of black elongated specks. A small

amount of the pure mineral that was separated enabled me to

make out its composition, although I could not obtain enough
for a very careful quantitative examination. The ex;

made gave a very low specific gravity ; it was taken on '600

gram, and is 5*15. Analysis of -500 gram gave

Columbic acid 7961
Iron protoxide 14-14

Manganese protoxide . 4-61

Loss by heat . -50

Samarskite.

A few small specimens of this rare mineral from North Carolina

have been in cabinets for several years, but its exact locality

and the nature of its occurrence were first made known in

April, 1873, through the agency of Joseph Wilcox of I

phia, and subsequently by the investigations and collections

made by Eev. J. Grier Ralston of Norristown. Not having

visited the locality myself, I have obtained my information

concerning it from the above mineralogists. It is found in

Wiseman's mica mine, Greesy Creek Township, Mitch.
near North Toe River, North Carolina. It was obtained while

extracting the mica, principally in a kind of pocket in the

mine, the miners palling it black mineral. Mr. Ralston was vi. re-

active in having it collected, and in 1875, there had been accu-

mulated about 400 kilograms of I

• as brought
away from the mine by him; since that time only
has been taken out of the mines, but in all probability, it will

be found again in more or less abundance. Prior to this dis-

covery, the largest pieces of samarskite, found in the Ural local-

ity, were of the size of hazel-nuts; these occur imbedded in a

reddish brown feldspar.
Its geological position is in crystalline rocks, in what maybe

called a coarse granite; the minerals of which rock are not
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granular, but exist in large masses, so that in extracting the
fine blocks of mica, these are readily detached from the other
constituents of the granite. The samarskite is generally in
close relation to the feldspar, which last, in all the specimens I
have seen, was more or less disintegrated ; this arises no doubt
from the proximity of the samarskite to the surface, it not
having been found as yet in the unaltered granite.

For some time after the discovery of this mineral, mineralo-
gists were not agreed as to its being samarskite. no crystals
having been found by which to establish its identity, mid the
partial analyses made not giving concordant results.' This dis-

v t. from the intermixture of other min-
erals, three of which I have detected, two of fhem being new.
On one occasion 1 took a specimen of very compact mineral,

perfectly clean, and to casual observation perfectly uniform in

color and texture: on breaking off a portion from one end of
it and taking the specific gravity, 1 found it to be 5'221, which
was so much lower than that of samarskite that I passed it over
to my assistant for reexamination. His results corresponded
exactly with mine.

I then broke off a piece immediately contiguous to the one
already examined and gravity o-682, being
that of samarskite. On examining the first piece by breaking
off thin scales, I could detect that a portion of them had a very
dark brown luster, produced by the mixture of some euxenite,
a mineral that I bave discovered pure and in all stages of mix-
ture with the samarskite There is no difficulty, with some
httle experience, in obtaining any quantity of this mineral with
its usual characters.

Aspect of the finest specimens.—-Intense jet black, and when
broken having a large brilliant conchoidal fracture, perfect,

even, and smooth, with the luster vitreous.

It is exceedingly brittle, breaking like black obsidian, with

very sharp edges;' any one seeing it broken for the first time

would take it for black its weight

would indicate that it was another mineral. All the pieces of

Pure samarskite are not equally brilliant iu fracture as above

described, but approach to it more or less.

Hardness.—I should sav that it was -V5 to 6, nearer b, but

owing to the brittleness of the mineral it is not easy to fix its

exact hardness.

Specific gravity.—5 72. , ,

Crystalline form. — I am indebted to Mr. Ralston for^ the

of the only specimens from wh
form could be made out, and these bave been thoroughly

described and studied by Mr. Edward S. Dana ;
the examination

made by th grapher is to be found in this
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Journal, March, 1876, page 201; he also first published an
account of the region in which it is found, an 1 ga\ e i n a< < >uut

of the associated minerals.

Composition.—This mineral from North Carolina has already

been examined three times. In 1852, Prof. T. Sterry Hunt
examined a small piece of the mineral, less than one gram, said

to have come from Kutherford County ; again, Miss Ellen H.
Swallow has given a most excel- samarskite

from Mitchel Co. agreeing with those made by myself as nearly

as the analyses of such a mineral can be expected to do when
made on different specimens ; and finally, Prof. Allen has made
an analysis, which is to be found on p. 340 of Dana's Text Book
of Mineralogy (March, 1877). The following are the analyses,

(1) of myself, (2) of Miss Swallow, and (3) of Prof. Allen,

(i) (2) (3)

Columbi'c acid 55*13 j .
37"20

Tantalicacid - \
54Jb

18-60

Tungstic and stannic acids.

.

0-31 0-16 0-06

Yttria ..14-49 12-84 1445
Cerium oxides* 4-24 5-17 4-25

Uranium oxide 10'96 9*91 12 #46

Manganese protoxide 1-53 10-91 0-75

Iron protoxide .. . 11*74 14-02 10*90

Insolublle residue from cerium oxide 1-25

99-12 100-36

The late Heinrich Rose, in describing the samarskite of

Miask, gives an analysis by Finkener and Stephans,+ winch dif-

fers from the analysis previously made, as well as from those

now detailed, indicating the presence of four per cent zircon ia,

and six per cent of thoria. The announcement of the presence

of the latter named oxide has been one of the causes of the

delay of my publishing this paper, for \ desired if possible

to verify the results of Finkener and Stephans It is only

recently that I have obtained a few grams of pure Miask sa-

marskite, from the School of Mines of St. P. t. -rsbur-. thmu-h
Prof. Norpe, but all of this, except about U grains, was lost

after reaching me, so I have not been able'tcV do more than

make an ipa on; and this examination shows
that there is some difference in tl m those in

the North Carolina specimens, the exact d t -rriiin itiou of which
I must postpone for 'some future occasion.

* I record these oxides as cerium oxides, but I am not altogether satisfied in

t Verhandlu
. Pet., 1863, 1
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ntense Mack of the samarskite, but of a brownish color with a
streak and powder much lighter than that oi samarskite; and in

pushing- my researches further, the mineral was obtained still

lighter, of a hair brown color, the powder being of an ash color.

In thin fragments it is translucent; the fracture issubconchoidal,
but in most instances irregular, with a resinoid luster.

Its aspect made it very evident that it was something different

from the samarskite. and an examination proved this opinion
correct, and established its true mineralogical position.

No crystals have been found, so it is not possible to establish

ty in crystallization with euxenite; but all its other

physical and chemical properties are those of that mineral.

The spec I specimens
was respect iv ; t'593, 4*620, 4*642. On analysis it was found

Columbic acid 54-12 Uranium oxide 9-53

Tungstic and stannic acid.. ->\ Manganese protoxide. . . -08

Yttrium and cerium oxides 2410 Iron protoxide '31

Lime 5-53 Water..- 5-70

The columbic acid was tested most carefully for titanic acid,

both by fusion with bisulphate and with carbonate of potash,

but none of it could be detected; only 5 milligrams of a resi-

due was obtained as a result in these analyses, and it is well

known to analvsts that this is most probabK attributable to

columbic acid.

I need hardly insist that the above properties belong to the

mineral euxenite: they approach! •
Tromoen,

analyzed by Strecker, except, that this chemist makes as much
as sixteen per cent of the metallic acids to be tit

This euxenite represents a purer type of acolumbate t

of those of which analvses are given, while it is ala i

lor the small-quantity of iron oxide in it: being a hydra ted

columbate
i id lime.

llatchettolite—a new Columbate.

This is an additional one of the series of columbic acid min-

erals found with the samarskite of North Ci

- first called by Mr. Eals: •T^' 1
/'

that he had diligentlv uncovered from the

spar, which had to all appearance some c

samarskite. He had sent two or three o\

Edward S. Dana some time before, and this last mineralogist
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was inclined first to refer it provisionally to pjrochlore, but
finally on account of its high specific gravity suggested its pos-

sibl r. lation to microlite. (See this Journal, March, 1876, page
204). No further steps having been taken to settle the charac-

ter of this mineral, I undertook
fin' -hed me b\ Mr. IktNt.m, and also on a specimen I after-

ward found in carefully examining the altered gangue of the

samarskite in my possession.

The result has been the establishing of a new mineral of this

series, which I have called Hatchettolite, from the discoverer of

the element columbium. It occurs in regular octahedrons, but
of the six crystals that I have examined, all have the cubic

planes and the form 3-3, and E. S. Dana observed the same on

the crystals he examined.
In referring to these modifications, I would state that, among

eight or ten crystals of pyrochlore seen by me I have never

observed them, although this last mineral is found with them,
as maybe seen in M. Kokscharow's magnificent work on Rus-
sian minerals. I could not detect any distinct cleavage. Its

- about 5: perhaps a little over. Specific gravity':

that of a fine small crystal was found to be 4*851 ; of small

fragments well selected from a large crystal that had mica in

some part of it. 4-785. Prof. Brush obtained (as quoted by E.

S. Dana) 4794.
It is well to add here the specific gravity of a very fine

crysta of pyrochlore. veighing one and one-half grams; as

taken by mv-e'. it i- 4*l, .\ That of microlite—another octa-

hedral columbate —by Shepard and Hayes, is 5-484.

.

Color of Hatchettolite.--Yellowish brown with a grayish opa-

lescence : on heating to redness becomes of an opake greenish

yellow; luster resinous; fracture subconchoidal.
Composition.—I made three analyses, the first two on frag-

ments from the specimens of Mr. Ralston, and the third from
a specimen in my own collection. The mineral was broken
into pieces from 2 to £ mm. in diameter, and then carefully

selected under the glass to avoid admixture of any other min-

eral. Thus selected it was found to contain :

Columbicacid 66-01 67*86 67*25
Tungstic and stannic acids. -75 -60 '91

Uranium oxide. ... 15-20 15-63 16*01
Lime 7-72 7-99 7*11

Yttria and cerium oxide... 2*00 -86 -64

Iron protoxide 2-08 2*51 212
Potash -50 1-21 not estimated
Water—lost by heat 5-16 4-42 5*02
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It will be seen that the special difference between tin's min-
eral and pyrochlore is that its predominating ba.-e is uranium
oxide, which last mineral, according to Wohler's analysis of
that from Miask, does not contain any of this oxide, though
the analyses of others give a small quantity of it It is to be
supposed that Wohler examined the best and purest type of
the mineral in that from Miask.

Hogersite, a

On some of the samarskite, but more especially on the euxe-
nite, a white crust was found adhering with some degree of

firmness, and on examining it under the glass, it presented a

mammillary structure, sometimes like little pearly beads. When
on the euxenite it is more readily separated than when on
Bamarskite. By pressing on it with a sharp point, it becomes
detached in small fragments.

I have called this mineral Eogersite, in honor of the Ameri-
can geological Nestor, Wm. B. Kogers, whom we all delight to

honor for his important labors in scientific and economic geol-

ogy, from an early date up to the present day.

The quantity that has as yet been discovered is vei

Mr. Ralston possesses the finest specimen, which is about the

size of the hand, with four or five grams of this mineral on the

surface, quite pure and very characteristic. I had to operate

on a great number of small pieces carefully detached, winch

have enabled me to est;. :or -

It is readily recognized by its well marked mammillary struc-

ture even when the fragment is quite small. Its hardness is

about 3-5; specific gravity 3-313.

I made two analyses, each time on small portions. The

results furnished were

:

Water - —.17*41 16-14

Columbic acid 18 *10 20 '21

Yttria, etc. . _
60 '12

In the second analysis, owing to an accident, the yttria was

lost; the first also shows about 4 per cent not accountea ror

These analyses are to be taken only as approximative, for

before complete and roliahh- anJ.v^ -' M; "..iieral can be

made, a larger quantity will be required The mineral is an

interesting one as being the first columbate discovered so

largely hydrated. It VT the deCOm "

Position of either samarskite, or euxenite, or both.

Ferguson ite.

Two years ago a dark brown mineral, with a remarkably

"

- -
. .- ----.- -''--''--- ;-;

W. E. Knowlton of Boston, who obtained it from the granite
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quarries of Eockport, but its nature had not been determined.

The quantity theu found was very small and only a portion of

it was given to me; a short time afterward, I informed Mr.

Knowlton that it was fergusonite, and requested him to look

further for specimens. Since then but little more has been

found, but enough was furnished me to make out its true char-

acter, both physically and chemically, except its ci

form. It is found particularly at one locality near the intersec-

tion of two trap dykes.
For a space covering about thirty or forty feet, masses of

feldspar and quartz replace the granite, and it is in the feldspar

that the Fergusonite is found, intimately associated with cyrto-

lite, and sometimes even penetrating crystals of this last mine-

ral. In the same feldspar, annite, cryophyllite, and fine crys-

tals of smoky quartz are found.

The mineral is of a fine dark brown color in the interior, with a

clear conchoidal fracture ; resinous luster ;* hardness 6 ;
specific

gravity 5'681 ; streak light brown; powder, ash-colored; but

when heated to a bright red heat for fifteen minutes changing

to a light greenish yellow color with a loss of 1/50 per cent.

Oolumbic acid 48*75

Yttria ..46-01

Cerium oxides 423

Water (loss by heat) 1*65

sonite from Greenlai

Remarks as to the chemical character of the minerals described.

The compositions of the columbates from the various locali-

ties appear at first sight to be very complex and irreg

-. and due allowance be made for the inter-

mixture of these minerals, winch intermixture cannot be

detected on account of the similarity of color and fracture ot

nt minerals, this irregularity disappears to a greater

The first, and the one best known, cohimbite, is well recog-

nized as a simple columbate of iron and manganese.
Microlite, from what little we know of its eoi

appears to be a columbate of lime. Pyrochlore is to be regarded

* The action of a red heat on small fragments is to change their color to a

greenish yellow ; but before this takes place, the fragments exhibit the phenome-

non of glowing in a manner more striking than any specimens of gadohmte, a

mineral remarkable for its glowing, that 1 have experimented with. From lack oi

material I did not take the specific gravity after heating.
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as a columbate of the cerium oxides arid lime; whether or
not a neutral columbate. further examination is to determine.

Hatcheilolite is doubtless a neutral columbate of uranium oxide
and lime. Then, when we pass to the samarskite, we have a basic

columbate of iron, uranium and yttrium oxides, Yt'rotnnta-

lite and euxenite are basic columbates, the former anhydrous
when pure, the latter hydrated, both being basic columbates of
Yttria and uranium oxides.

Fergusonite is a hydrous basic columbate of yttria : and
Rogersite is a hydrated columbate of yttria, still more basic.

In making this general review of these minerals, of course I

have not regarded those variable constituents existing in small

quantities and replacing more or less one or other of the pre-

ponderating bases of each species.

The analysis and <!>> miod st«dy of the above Minerals.

I have several points under this head to consider and to

describe in detail ; but it more properly belongs to another

paper, which will supplement this, for I am now studying the

earthy oxides associated with the yttria of the North Carolina

minerals, which I am far from being satisfied contains cerium

oxide, although some of the reactions of cerium oxide are

obtained, a fact already mentioned in a note to the description

of samarskite. I am separating the earths from one kil -

the mineral, which when obtained will furnish material enough
for the proper solution of this question.

Salts of silver may exhibit sensitiveness to light in three

several ways. They may exhib- -. or they

may receive a latent image, and this latent image may have a

capacity of being rendered visible either by receiving a deposit

lie silver or by decomposition by alkalies in connection

with reducing agents! These two last mentioned phenomena

are verv distinct°in their character, for in the first of them the

ima-e is produced entirely bv the addition of silver i

ously present. In the second, no a added, but

that portion of substance which received the direct action ot

light, undergoes dec l
uen* treatment. In

portions acl "
more a

,

pt

to attract a precipitate in the act ot formation (tor example,

-- ^,'.-. -. •'
.

.

*
'

'': ~ •"

are more readily attacked by certain reducing agents.
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The silver compounds which exhibit the greatest tendency
aent images by the action of light are of course the

Qide,*ndeh]orida But the same tendency is shared
degree by other compounds, and the latent image

receive latent images, developable by a precipitate in the act
of formation, was examined many years ago by Mr. Eobert
Hunt. Since then the matter has received but little attention,
and if I am not mistaken, no investigations have at any time
been made as to the capacity of silver salts other tha
bromide, and chloride to receive latent images of the second
sort, viz: those susceptible of alkaline development, in the en-
tire absence of silver nitrate. This subject I have recently
examined with the following results :

Soluble salts of acids capable of forming insoluble or nearly
insoluble salts with silver were selected and the surface of very
pure paper was impregnated with them. After drying, the

ire floated on a solution of silver nitrate, containing
about twenty grams to the ounce, acidulated with half a drop

•id, sp. gr. 1-28 to the ounce of solution. The excess
of silver nitrate was then washed out. One set of papers were
then simply dried, another set were soaked for about a minute
in a ten grain solution of gallo-tannic acid, and then again washed.
The salts thus' formed on the surface of the paper were ex-

posed to a strong diffuse light for, in some cases, twelve seconds,
in others, seven. They were then submitted to the action of a
very weak solution of pyrogallol, ammonium carbonate and
potassium bromide, the latter used to check the rapidity of the
action of the other agents.

Silver citrate and tartrate both gave rather weak images. The
citrate showed a strong tendency to irregular reduction.
Nothing of this appeared in the case of the tartrate.

-s "v - '" r^atinwjanifle gave quite a strong image, stronger than
any other substance tried, except of course the silver bromide
used for comparison.

Silver mucate gave a very faint image with much irregular
reduction.

>;;; r pyrophosphate behaved in the same way.
lS

'
''"•/"'- ''•* <ruve a moderately strong image, coming next

to the platmocyanide, and like it, clear and free from all irregu-
lar reduction.

_

Silver snlp}iocya,;.Me, an extremely faint image with much
luction.

irregular
weak image entirely free from

ck-ar.

Silverfulminurate, weaker than the last mentioned,
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Silver nitrite, similar to the last
Silver hippurate, an excessively faint image with much iiTeuu-

lar reduction.

The following substances showed (with the above mentioned
exposures) no trace of a latent image

:

Silver salicylate. Silver tungsMte,
" valerate, " ferrocyanidt,
" succinate, " nitroprusside,
u

sulphite, " chromate,

" resinate, " carbonate,

" phosphate, <( oxalate.
u metaphosphate,

As these experiments were strictly limited to the subject

under investigation, viz: production of latent images capable of

development by the action of pryrogallol and ammonia it must
be understood 'that t! :en of is insensitive-

Was to this particular action with a rather brief exposure, and
under the conditions mentioned. And this action is that to

which the iodide, bromide, and chloride, exhibit their highest

degree of sensitiveness, rendered evident by an exposure very
much shorter than that given in these investigations.

As respects the action of tannin, which action was separately

investigated with respect to every one of the above salts, it

appeared that no substance, insensitive in the abseneeof

acquired sensitiveness by its presence. It was also doubtful if

in any case tai uin innva-cd the sensitiveness of any of these

•
: fact which, in view of the increased sensitiveness

conferred by tannin on the silver haloids, is remarkable.

Philadelphia" March 22, 1877.

1. Chemical Actions ofthe Silent Electric Discharge.- Beethe-

lot has published in full his memoir on tl

actions which he has observed to be produced by the silent elec-

harge (effluve electrique). The first part treats of the

absorption of nitrogen by organic substances under ti.

tions, and has already been noticed in these pages. The second

part r.v.-,t> ,;' tl„ same ' sorption under the influence of atmos-

pheric electricity, the experiments being mad
cal Observatory of Montsouris, one armature of the apparatus

being put in contact with the earth and the other with a layer ot

air two meters above it, the differ,

i of a Thomson-Branly electrometer. Tweh

employed, in five of which moistened filter paper was placed, in the
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second five moistened dextrin, while the last two contained internal

armatures of silver and were filled with oxygen in order to detect

the formation of ozone. Two of each of the five tubes were tilled

with pure nitrogen, two of each with ordinary air, while the

remaining one of each sort was left open to the air. The experi-

ments continued from July 29 to October 5, 1876, the mean elec-

tric tension being that of 3*5 Daniell cells, though it varied from
-+- 60 to — 180 during the two months. In the "ten tubes contain-

ien or air, the nitrogen was fixed by the organic Mib-tance

-lime decomposed at 300° to 400°,

yielding ammonia. The third part considers the importance, in

view of the facts above described, of studying in a connected and

methodical manner the electric state of the atmosphere, since the
" nportant part in

part, IJerthelot considers the absorption of free hydrogen bv

mstanccs. Benz<organic matters under the
250 times its volume of hydrogen, yielding a polymer of C

6
H 8 .

i ie oil and acetylene acted similarly; the latter yielding a

solid polymer which on'hearing yielded ethylene, crotonylene, and

iride. The fifth part treats of the formation and decom-
position of binary compounds by the silent discharge. A mixture

of one volume nitrogen and three volumes hydrogen yield* three

percent of .
.

,> i ;l is decomposed yieldinii tl ree

per cent of its constituent gases. Sulphurous oxide yields ten per

cent of free oxygen and insoluble sulphur. Carbonous oxide

yields Brodie's hypocarbonous oxide C 4 3
. In the sixth part the

various forms of apparatus used by the author in these researches,

are described.—.!,,/,. Chin,. Phys., V. x, 51, Jan. 1877. g. f. b.

2. Is Nitrogen oxidized by <)::<>.,, i„ /.,-< > „ ' .1/ "'/,>/—
The statement made by Schonbein in 1849, that ozone muted

nitrogen in presence of alkalies to form nitrous compounds,
is generally arropted. as furnishing an important basis tor the

received theories of nitrification. Bekthelot has examined the

«pwi..ii :1 i!,.w . tnkinir care to avoid the causes of error existing

< in's experiments, two in number; first the use of lime

unwashed ozone from the phosphoru-, which contains nitrous com-

•oduced in the slow ox id I. Oxygen
collected over boil, d w it, r w i- o/,„ i,,,|i., •

and four liter flasks were three-fourths tilled witl it, th< other

fourth being filled with air. Ten c. c. haryta water were placed in

each and allowed to remain over night. Although the ozonized

L' ozone in a liter, not

a hundredth of a milligram of nitrate was formed in the \

Air ozonized by phosphorus and allowed to stand twenty-four
hours, and which contained 5-7 milligrams ozone per

h of a milligram of nitrate; essentially the

same result. The author concludes therefore that ozone does not



Chemistry and Physics. 373

oxidize nitrogen under these circumstances.—Bull. Soc. Ch., II.
xxvii, 160, Feb. 187V. g. f. b.

3. On the Equirah nn ,,/ Mtror/e-H.—VicroK Meter has replied
to the paper of Ladenburg and Struve, noticed in the April num-
ber of this Journal, and states that he has carefully repeated their
experiments, but with an entirely different result." So tar as the
question of the decomposition ot triethvlbenzvlammonium iodide
and the non-decomposition of benzvhricihvlamnionium iodide on
evaporating their solutions, is concerned. Meyer finds that neither
hody yields a trace of benzyl iodide on evaporation ; and hence
that the "pragnante Unterschied" Let ween these bodies, upon
which the assertion of the non-e<;uivalence of the honds of nitrogen
rests, has no existence. The author supposes that the salt used l>v

Ladenburg and Struve contained some diben/.vldietbvlammonium
iodide, a body which gives benzyl iodide on di-tdlation.—Bm
Iterl. c/tem. Ges., x, 30V, March, 1877. . g. f. b.

4. A new metal!''- eh n,e,<t. X< ptuitimn

.

— II ;:km ass has made an

he not only claims to have established the existence of his element

this group, which ! ,-aIU A v /*./.,. Tin mineral worked on
^"as labelled tantalite from Haddam, Connecticut; but proved on
examination to be columbite and ferroilmenite in equal parts.

The metallic oxides separated from the mineral consisted of Ta„
O

g 32-39, Cb
4 7 36-79, I1

40, 24"52, N»4G, 6 -30. To obtain the
neptunium, the pulverized mini -

! was ! i>ed .\ th hydro-potassium

flu,

fluoride, and the forty parts boiling water to
one of fluoride. On cooling, tantalum-potassium fluoride crystal-

lized in delicate prisms. On evaporation, columbium-potassium
fluoride and ilmen j i i

•• —
i un :

! io i le crystallized out, leaving

an acid mother-liquid.
' This wa- dilut. d wi'th twenty parts water,

*~J x
"> boiling and sodium hydrate added in excess. An ainor-

and boiled with twenty-five parts ot water.

The columbate dissol ved.
•

; The latter was
fused with hydro-p. ta«* m i snij h it, . ti ru-d u was treated with

boding water ami the undis* > td residue of m ptumc acid washed
and dried over sulphuric acid. Xeptunie acid resembles in gen-

eral the other acids of the group, but is distinguished lrom eolum-

bic and ilmenic acids by tl
-odium double

fluoride and from tantalic acid by the ready solubility of its

Potassium double flu ride. Septum, acid gives with ph sphorus

salt in the inner blow-pipe flame a wine-yellow bead, the sodium

salt a gold-yell.™ '
i,] -'h es 1] " color

-
colum"

we acid gives blue and ilm. " ith tincture

°f galls, the so, I

i

.
' rochlonc acid a

sulphur-yellow precipitate with tantalic, orange with columbic,
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brick-red with i

Boiled with tin and hydrochloric
columbic and ilmenic acids, a blue solution.* From the pi

tallized double potassium fluoride, the atomic weight of neptunium
was fixed as 118, its atomic volume as 18, an
as 6-55. The formula of the acid is Np4 7 ,

(H2 0), 5
. The

sodium salt crystallizes in prisms. The author prepared metallic

columbium and ilmenium in the pure form and determined the

amount of oxygen taken up by these metals on heating them in

the air. Columbium required 20'49 and ilmenium 37*96 of oxy-

gen ; the amount obtained by Rose being 20*60 and by Marignac
38-00. Rose, therefore, ii is < h a>\ had pure columbium; while it is

equally clear, according to Hermann, that Marignac must have had
nearly pure ilmenium. This is stated to be a necessary result from
the method of preparation. After crystallizing out the tantalum-

potassium fluoride, Marignac evapi-iatid and 're-crystallized, ob-

taining a nearly pure ilmenium-potassium fluoride, from which he

prepared his metal. Hermann's paper concludes with an account

of his methods of separating the metals of this group, and descrip-

tions of their compounds.

—

J. pr. 67*., II, xv, 105, Feb. 1877.

5. On the Phosphorescence of Organic Liquids.—Radziszmvski,
having ha i hi- attention < ailed to the phosphorescence of lophin

when acted on by potassium hydrate and oxygen, has extended
his observations to other bodies and finds that paraaldehyde,
metaaldehyde, aldehyde-ammonia, furfurin, hydroanisa*!
j: --, hydrocumamide, and hydrocum'mamide, haw all the same

Since these bodies ar tea or ammonia
3 of aldehyde, their luminosity may be due to the oxida-

tion oi trie aldehyde. He therefore examined formic aldehyde,

and observed a bright phosphorescent light when its solution in

alcohol potash was agitated, and the formation of potassium

formate was proved. In the %ht
Noctiluca miliaris produces oil d

nettles, the author suggests that ts, secretes

1 not as such but as the aldehyde, which in the process

n is the cause of their luminosity. When a current of

oxygen is passed through a hot alcoholic solution of grape sugar

containing potash, it becomes weakly luminous, a fact w-— the aldehyde nature of glucose. —Tier. Bert Chem.

3
Berthelot described a new com-

pound sugar existing in the Uriancon manna prepared from the

larch (Lariat Ewropea). Viluil-
Lahore, produced by exudation from the Alhagi

- 5/" "'"•""'. a tli. rnv ->u'. h,-|„n.Vni . , , th family < [ tin Lcsru-Dhorny shrub belonging to the family of the U'jiu-

abundant in Persia, where it is used both for medi-

me of Turanjbin. Crystallized from

it was obtained in the form of white

ae molecule of crystal-water which

the ordinary temperature, and then

cine and as food under the name of Turanjbin. ( rvstallized from

: then from alcohol, it was obtained in the form of white

bulky crystals, containing one molecule of crystal-water which
they lose even in dry air r

1 ''
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have the formula C 12H„ 2On . Its solution is dextrogyrate

;
94° 48' referred to the neutral tint, or 88° 51' rehired

to the yellow light of sodium. On ebullit ion with dilute sulphu-

nielezitos, ot Herthelot. it . 1

JiH
ll ;'"."• '/v N

-
xxvii

- ^- F;ii
-
'^7. Lf. a

vania. (Abstract ot i ,

',
'

1 >'S
')—The investigation ..f the tri-subst it ution compounds of' benzol

''.-•sonlyot late engaged the attent ion of chemists. The toll,, win,/

tion, dot tinmen, IsTo). The fusing
22..°-230° C. To effect the introducnon ot the B
|he acid obtained by the above chemists was lie;

hath with fuming nitric acid. The application
1

•

:

!
'luces entirely different acids. In the <

;K-]'i was without action upon the bi-hrom acid.

iniro-acid hy means of tinning nitric acid, aide

The bi-bromnitro acid was partially pivcipita

masses
; the greater quantity of the acid, howe

?"lved. All of it was obtained by evaporating H

l»uri i.d b; a'rbonate.

In hot water tin acid b easily soluble. er_w ;

Pni',,1,,:.,,. ', „fLe«.d:
( "<b)..Pb. Obtained bv precipitating a 1

potassium salt with lead' acetate. A white

__Lead estimation. -.--TV, <rrm. dr> -ah h:im

—0-0659 grm.Pb=r 23-95 per cent. L'heon

24-21 per cent Pb.
Am. Jouk. Sci.-Third Sekiks, Vol. XIII, No. " *



Nitrogen determination : 0-1581 grm. salt = 3-53 per cent N.
Theoretical percentages= Carbon, 19*7 per cent, hydi

per cent, nitrogen = 3-26,per cent.
Pir<thrn IHI,<<t.ihromnitrobenzoate of Sodium : C 6H2 Br

pBrmN0
2COONa+3H

3 0. This salt crystallizes from dilute bo
needles, often forming bundles. From concentrated solutions it is

obtained in almost colorless, broad shining leaflets. Soluble in

cold and hot water. The anhydrous salt requires 6-63 per cent
Na. Found 6-66 per cent Na.
Parabrommetabromnitrobenzoate of Potassium: CgHgBrPBr"1

N0
2
COOK. The pun- a<-i,l wa- boik-.l with potassium carbonate,

the salt crystallizing from the solution in needles. Very soluble

Anhydrous salt requires 10-76 per cent K ; found 1 0-61 per cent K.

Par. f^rotnmetabromnitrobenzoate of Barium : I

(
',11 ... Brl !r

N 8OCOO) 2Ba+H 2 0. Broad colorless, shining needles, easilj

soluble in water. Anhydrous salt lviiuirvs I7t"> per cent Ba;
found 17-34 per cent.

P'ii'nh,-'unm>-t.ib,:, l„„}l,'nh,nr.n.iU) of Calcium : (C
@
U2B^BT

m

N02COO) 2 #fe-f-3|H2 0. Obtained l'»v boiling tin- live ari.l with

ileum hydrate or carbonate."' Exceedingly difficult to

obtain pure. Occurs in red-colored needles, almost insoluble in

water. The analysis of the anhydrous salt gave 5-52 per cent Ca;
required 5-81 per cent Ca.
Parabrommetabromnitrobenzoate of Maq,,esinm : (Cgl^BrPBr

1"

NO aCOO),.M-. Crystallizes in needles forming star-shaped

g» 1

1
I ps. Difficultly soluble in water. Analysis gave 3-25 per cent

Mg; required 3*59 per cent.

Very easily obtained from the preceding acid by heating it

with hydrochloric acid and a r f tin. The
amidmg takes place without any violent action. The acid ooh
unites with bases, not with acids. Soluble in a large quantity of

water; readily soluble in a mixture of equal parts alcohol and
water, from which it crystallizes upon cooling in beau!
consisting of minute needles. The fusing point of the acid is

225° C, considerably higher than that of a similar acid obtained by
Angertein (Dissertation, Gottingen, 1869). Completely decom-
posed when fused. A nitrogen determination was made of the

free acid. R =4*75 per cent ; found

at «.
Parabrommetabromamidobenzoate of Barium : (C 6

H,BrrBrm

SH C(* >) aBa+4H, O. An aqueous Solution of the sodium salt

was decomposed with barium chloride, the precipitate filtered and
washed. The salt forms minute ahimne needles, generally unitedi shining needles, generally i
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hi bundles. Very soluble in water. Analysis of anhydrous salt
gave 18-90 per cent Ba; required 18-89 per cent.

/'"'•<//,;• it, of ('<tb-'n>m : |(
,

1

.IIJ
,

,r \W<
^H,COO)

2Ca+4iH2 0. Obtained by decomposing the ammo-
mum salt with calcium chloride. The" salt is tolerably insoluble
in water, crystallizing from it in small reddish-brown colored
needles. Analysis gave 6'37 per cent Ca; required 6-51 percent

Parabron ./. of Strontium : (CgfiLBr Br
' .>r+-JH

2 (). Large, dark-red colored needles"! DitK-
cultly soluble, in hot water. An analysis of the anhydrous salt
gave 12-55 per cent Sr; required l-j-93 per cent Sr.

J'" >'.': ,n f. ,/„.,,„ , ni ;,!,,i«„Zn<,ti of Copper: (CeHgBri'Br1"

ML,( O0)
2
Cu. From the ammonium salt by treating it with

copper acetate. Bright green in color; perfectly insoluble in

water. Analysis : 923 per cent Cu found ; required 6'70 per cent

C 6H 2 BrPBr
mBr?COOH. Fusing point 195° C.

I obtained this acid by converting the preceding bibromamido-
benzoic acid, by mean-' of nitrous e id. into the corresponding
diazo-compound" and then boiling thl- last product with pure
concentrated hydrobromic acid. The pure acid obtained from the
barium salt after many recrystallizations, presented the constant

:.t S 05
:

C. 'The acid is almost perfectly insoluble in

Water. Very -olubje in a mixture ..:' one part water and two
parts of alcohol, recrystallizing out of this in small colorless

needles. Fuses with partial decomposition.
Tnhrombenzoate of Lead: (<

,I
J1

>- Ob-
tained by precipitating the ammonia salt with lead acetate. It

forms a white insoluble compound. This salt was taken in esti-

mating the carbon and hydrogen. Found 11-98 per cent carhon,

and 0-89 per cent hydrogen. Calculated 18-20 per cent carbon,

defermiued by burning the pure acid wi
oxide of lime and the calcium bromide decomposed by
nitrate. Found percentage of bromine, 66-85 per cent ;

calculated

tm : (C, M 2
BrP Br" Br ? COO) 2

Ba +
t acid is boiled with barium carbon-

ate. The pure salt forms needle- ea-ih solubl. in water. The
anhydrous - ave 15-53 per cent Ba; calculated

16 06 per cent Ba.

Parajjkomm.j! v;.m'\t< xvbkxzoic Acid.

C 6H !?
BrPBr™OH?COOH. Fusing point 218° C.

An etherial solution of parabrommetabromamidobenzol- acid

compound formed, and being msol floccalent

id, perfectly dry, was boiled with pur<
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water—the OH group being thereby introduced. This acid is

soluble in water. The fusing point is 218°. It crys-

tallizes in colorless needles. When fusel, partial decomposition

occurs. A beautiful violet color is imparted to its solution, when
treated with a few drops of ferric chloride. A combustion of the

acid gave 29*00 per cent carbon and 1 -2s per cent hydrogen; calcu-

lated"28-38 per cent carbon and 1*35 per cent hydrogen.
FarabroiHinftnl ,, » >/b> ,-oaU j ^xlinm : *(C\,il Bi Ui <">II-

COONa)+

H

2 0. Obtained by boi with sodium
The salt is exceedingly soluble in water, forming

light yellow colored tt< randies. An
analysis of the anhydrous salt afforded 7 -to per rent >. a ; required
7-23 'per cent Na.
Parabromn > ' > ,-,/> t

, II ,, „, ((',.! I., I 1 i "11

COO) 2 Ba. When an aqueous solution of the- acid' is" boiled with

[ obtained by analysis

18-80 per cent Ba; required 18-84 per cent Ba. B. f. s.

Philadelphia, Pa.

8. Kinetic Theory of G((*e.*.—M. Boltzmann, in a communi-
cation to the Vienna Academy on the nature of gas molecules,

abandons the notion tha tie/' have lik> iggregaies of material

points (the atoms), lie considers that in estimating the impact

action of the molecules we may almost regard the whole aggre-

inay c« h-'-' ... perhaps even ether atom*, as

rigid. It is found that then the ratio oi the heat-capacities oi ijie

gas must Ik- If, when the gas-molecules have a ball-form. The
ratio of the hi* ieacities will h< i in the molecules have the

form of rigid bodies of rotation, lut which are not balls; and 1^

if they are of any other form of rigid bodies. These numbers at

least seem to agree so far with those found experimentally, that

one cannot say that experiment furnislus a contradiction of the

theory thus modified. It is further shown that the value- experi-

mentally got for the heat-capacity, under this view, are in satis-

factory "agreement with the heat-capacities of solid bodies. Of

course the gas molecules cannot be absolutely rigid bodies :
this

is already disproved by spectral analysis, hut'itmav he that the

vibrations produciim ..as -.pectra are 'merely brief shivering- dur-

ing the shock of ?u . mo!-. u ! r s, comparable to the sound per-

ceived on the shock of two ivory balls.

—

Nature, xv, 306.

9. Vowel " Clang."—M. Auerbach, from researches on the

natureof the vowel •<
!
,> .." in I', ,• H-lml i/-

j

y-i.-a i

.' ">•-

tory, comes to the following conclusions, which appear to throw

new light on some unsolved problems:—:. All clang, especially

the vowels of the human voice and speech, are to be defined as

the consequence of the jo, t action of two moments a re hit e and

an absolute. 2. The relative ,, onient is thv mode of distriiuiti »n

of the whole intensity among the es as deter-



of the powe
. 4. The fit

umber. The abso

rith connected. ',. The dini ivnce of the vow-
latioii is a result of the power of changing the

cavity. The difference- <.f the absolute pilches

. ?Iie volume ar.d size of the mouth
it partial tone is always the strongest in clang;

ordinal number increases ; exceptions indie

boundary of the consonant region. 6. The
tones decreases more slowly the nearer tin

fore more quickly the duller this is. 7. 1
is higher the clearer, and deeper the dullc

The variations of the intensity, in consequ
the characteristic pitch, are greater the full

slight variations indicate the nearness of th

All the vowels admit of being sung within

human voice; but the dull speak in very
deep, positions. 10. A little attention on]

u-y'theu :

i.—Pogg.

\ Spectrum.-M. E.

s of the spectrum by

.:-
'

phosphorescent hexagonal blend
rt is strongly luminous, though
than the sulphides of the alcalii

ear J "ul7ich M. Becquere has called A
}

an

i group of four hands or li

rked borders, especiadv on

'.,gth>oi'it. UNoedge-'ar,

traction spectrum was too small, the waved
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determined by interposing an apparatus giving colored rings by-

means of thin layers of air. Attempts have been made, as yet
without success, to form a phosphorescent eye-piece like the fluo-

rescent eye-piece of Mr. Soret.

—

-Bib. Univ., ccxxviii, 306.

11. Fluorescence.—M. Lommei., continuing his researches on
fluorescence, arrives at the following conclusions:— 1. There are

two kinds of fluorescence. In one, each homogeneous ray falling

within the limits of the fluorescence -pi-.-tnim excites not only
rays of greater and equal. !>ut also waves of shorter wave-length;
the latter, so far as they belong to the region in question. In the
second kind each homogeneous ray excites oiilv r:iv< .if greater or

eqi I wave-length. 2. There are substances which have only the
first kind of fluorescence; each c.veitant i;tv excites the whole fluo-

rescence spectrum. Hence they are not subject to Stokers law.

Such are napl ,vll and eosin. 3. There are sub-
stances which have only the second kind of flu

which therefore throughout their fluorescence
Stokers law. Such arc most of the fluorescent
erto examined. 4. There are substances which have both kinds

ace, so that the first kind is proper to a certain por-

tion of their fluorescence spectrum, and the second kind proper to
their remaining parts. Hence these o'.ev Stokes's law only in

par?. Si, eh are chamdelin red, Mue and •••reen.— !'<»(</. . Inn., clix,

514; Xntn e, xv. 441.
* "J

B . c. P.

12. On the frf t<;i;hri>i!,i of het< ,<>>/, „, ,na .^il^t.uo-es ; by J.

Wjllakd (iiBus, of Yale College. 141 pp. 8vo.—The paper on
this subject by Profess* t < i iU>-. nuhlished in volume iii. of the
Transactions of the Connecticut Academy of Sciences (1876), re-

ceived the following exposition bv Professor J. Cler
of ( andu-idge. Knglaud, in his lecture on the occasion of the recent

hition

:

' The thermodynamic?*] problem of the equilibrium of heteroge-
3us substances was attacked hy KirehhoiF in 1855, when the

followed by
yet in its infancy, and his method

ribbs, of Yale College, Connecticut,
me to be more likely than any others to enable us, without any

to comprehend the relations between the
different physical and chemical states of bodies, and it is to these

<

In studying tl <• i,n,p.. r i j, s ..fa lc.mo._r, M ,.„us lines of fluid, con-
sisting of n „, I'rofcsv,,r <Tihl.s takes a- ids

*'
b r „ energj ofth il i !. b depeo i on tta vol-

unie and entropy tog- th-r with the masses, m , m 2
.'

. . . "'„, of
its n compon. i K these „ + i <, .,ii .'> . ., ,, , _ ,, ;, | :is ,„.h r n-
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By differentiating the energy with respect to each of these
quantities, each of which has a
dated to that of the variable to

which it corresponds.
Thus, by < . we obtain

>>i tilt.' fluid with it- sign reversed; by « I i tit n_- 1 1 1 hating

w.h respect to the entropy, we obtain the temperature on the

inic scale; ami bv tlifhreutiating with respect to the
mass of any one of the component substances, we obtain what
Professor Gibbs calls the potential of that substance in the mass
considered.

As this conception of the potential of a substance in a given
homogeneous mass is a new one, and likelv to become very impor-
tant in the theory of chemistry, I shall give Professor Gibbs's

definition of it.

- homogeneous mass we suppose an infinitesimal quan-

remaining homogeneous
unchanged, the increase

of the energy'of the mass, divided by'the mass of the substance

ad.h.,1, is the potential of that substance in the mass considered.'

These n-\-2 new quantities, the pit-sure, the temperature, and
tlif -< potentials <.f the component siib>tances, form a class differ-

ln - in kind from the first set of variables. They are not quanti-

ties capable of combination b\ i 1 1 ti i » i
r

1 i ' til. intensity

of certain physical properties of the substance. Thus the pressure

is the intensity of the tendency of the body to expand, the temper-

ature is the intensity of its tendency to par:

potential of a n v component substance is the intensity with which it

tends to exp a its mass.
_

We may therefore distinguish these two classes of variables by
calling the volume, the entropy, and the component masses the

'•[":i»',-,„u^ and the pressures, the temperature, and the poten-

tials the intensities of the system.
The problem before us may

the whole or part of it pass i

The criterion of equilibriu,

Gibbs's words—' For the eqi

also be expressed by saying that tor a

the state of the svst.

entropy, the variation of its energy shall either vanish or be pos

Professor Gibbs has made a most important contribution 1

science by giving , ls a i

,

fi
" >t

1

a "''
f>

'

any given plK.
other phase K

letter K) is positive, the phase A will not of itself pass into tl
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phase B, but if it is negative the phase A will of itself pass into

the phase B, unless pre vent e< I by passive resistances.

The stability K of any oiven phase A with respect to any other

where € is the energy, v the volume, // the entropy, and »»„ W3 8 ,

etc., the components corresponding to the second phase I>, while

p is the pressure, t the temperature, and i ,,
,'/

2 ,
etc., the potentials

corresponding to the given phase A. The intensities therefore

are those belonging to the given phase A, while the magnitudes

are those corresponding to the other phase B.

We may interpret this expression for the stability by saying

that it is measured by the excess ot tin encrg\ in the phase B,

above what it would have been if the magnitudes had increased

from zero to the values corresponding to the phase B, while the

values of the intensities were those belonging to the phase A.

If the phase B is in all respects except that of absolute quan-

tity of matter the same as the phase A, K is zero ;
but when the

phase B differs from the phase A, a portion of the matter in the

phase A will tend to pass into the phase l; if K is negative, but

not if it is zero or positive.

If the given phase A of the mass is such that the value of iv

is positive or zero with respect to every other phase B, then the

phase A is absolutely stable, and will not of itself pass into any

other phase.

If, however, K is positive.with respect to all phases which differ

from the phase A on! the magni-

tude .. tt',,1 .. r a e, ,t m ,

*,!
, ji ,. .

!', ,, uh h i ,. - it
' -

differ by finite quantities from those ,,f the phase A, K is nega-

tive, then the question whether the mass will pass from the phase

A to the phase I! will depend on whether it_e :U! do so without

In this case the
]
shase A is stable in itself, bn t is! [able to

its stability destroyed by contact *ith the smalle st portk

her phases.
Finally, if K can

tions of "the magni
unstable equilibriui

any finite time, it

but it is of great importance in the th

how these uustablt
tively or absolutelyr stable.

The absolutely titable phases are d
stable phases by a pha ses. for v

the intensities p, t.
, fj, etc., are equal and K is Thusi

and steam at the same temperature 2md pressure are coexi
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As one of the two coexistent phases is made to vary in a <

'as maimer, the other may approach it and ultimately (

with if. The phase in takes place i

I Phase.

I absolutely unstable phases is i

limits of absolute stability, this process' cannot be indetinitely

l, for before the substance can enter a new region of
it must pass out of the region of relative stability into

one of absolute instability, when it will at once break up 'into a
system of stable phases.
Thus in water for any given pressure there is a corresponding

temperature at which it is in equilibrium with its vapor, and
beyond which it cannot be raised when in contact with "any gas.
B»t if, as in the experiment of Dufour, a drop of water is carefully
freed from air and entirely surrounded l»y li.piid which has a high
boiling point, it may remain in the liquid state at a temperature
far above the boiling point corresponding to the pressure, tie.ugh
if it comes in contact with the smallest portion of any gas it

instantly explodes.
But it is certain that if the temperature were raised high enough

any other subst
Water io;iv :

ild then explode without requiring the c

cooled below the temperature at which it

generally freezes, and if the water is surrounded by another liquid

of the same density the pressure may also be reduced below that

of the vapor of water at that temperature, it the water when in

r bi> phase is brought in contact with ice it will freeze, but if

brought in contact with a gas it will evaporate.

Professor Guthru has reo ith disco\ red i von rei .
kabh-

C;>se "f equilibrium of a liquid which niitv be solidified in three

different wavs bv contact with three different substances. This

^a snlutiouofcl'derideotcahdum in water containing 37 percent
" j f bi Bait. This solution is . :

' -37 C,
When it forms t lie -olid < r\ hvdratc having the >ai

<
i dtion

as itself. But it mavbeccoled - rature.

«'""1 Mien if it is touched With a bit of ice it throws up ice. if it IS

iri, the anhvdrous salt it throws down. anhydrous salt,

•>...! ^ :i :. , , -. •.. .1 , i,_. !.... + . :«-

II. Geology and Mineralogy.

1- The Zoess of the Rhine and Danube, by Thomas ISttt.

F.G.S.—Mr. licit discusses the characters,
j

the loess, and the evidences in tl

and organic remains it contains in some places, of its haying

originated in connection with the Glacial era, observing that ' no
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more Arctic fauna is known in the basin of the Danube and the

,i that of the lcess ;" also that " along the northern flanks

of the Carpathian*, the Scandinavian drift rises to heights of 1,00.0

to 1,200 feet." He adopts Lyell's view, that the valley had been
excavated before the deposition took place. Instead of holding
that the supply of water from the melting ice was sufficient to

papers that the ice accumulating aloiej; the coast and thus block-
ing up the drainage of the continents, dammed up the streams
about their mouths and so caused lakes. He says, " I was first led

to believe that the ice had effected this [result] in studying the

3 I advai of North America, and in 1866 I advanced the opinion
that •: e drainage oi the St. Lawrence had been blocked up by the
ice moving down from the north; and that thus a great inland

r sea had been formed over which icebergs floated. lie

says further that during ;l visit to Xorth America in 1874, I found
many more proofs that the drainage of the northeastern part of

the continent was blocked by ice that flowed down the bed of the

Atlantic from the direction of Greenland ;" and from these and
other facts, came the conclusion that "the drainage of Europe
had been blocked up—not by Scandinavian ice, but by that which
"ceupied the bed of the Atlantic and had reached to our western
shores." Thus " the waters were raised over which floated ice-

bergs from the north carrying the Scandinavian drift, and into

this great lake the Danube "and the Rhine, or the upper portions
of them above its level, brought down fine mud from the glacier-

eapped Alps which was deposired as loess."

There is no such damming, as far as is known, about Greenland,
the subglacial streams being large and flowing freely to the sea;

and hence the practicability of damming the fresh waters in the
way supposed may be doubted. The assumed amount of Atlantic
ice appears to be far beyond what could have existed. The
article does not give the facts as to uniformity of level in the lcess

along the whole course of the Rhine needed to prove that the
deposit- are of lacustrine origin. The tacts about southern New

how that there has been no such damming by shore ice

as Mr. Belt suggests; for they prove that the height of the
; i the river-valleys* has depended almost wholly on

river-floods, with only such lakes as come from damming bj ioa

or otherwise along their course. And it seems altogether pi onMe
that the height. of the lcess on the Rhine and Danube had the

same origin. The change of level proved for southern New Kng-
land does not exceed fifteen feet ; and none was needed to produce

mg heights of the river-valley terraces. J. d. »•

i. Ihl.-knp.^
,,f the fnl' <,-,,; r.,rk« <>f Central Pennsylvania.

—Mr. C. A. Ashburner, of the Geological Survey of Fein -

-& from the top" of the

River Coal Series down to the Trenton limestone.

ned in his Report. The aggregate results
are as follows: the Carboniferous from the top of the Mahoning
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sandstone in the Coal Measures, to what is called the Upper
Catskill or Pocono group (Rogers's Vespertine. \o. 10) inclusive,
at least 3,777 feet; Devonian strata. 7.075 feet ; ( )riskany sand-
>t
J"

u ' (which is referred by some to the Devonian and others r<> the
Upper Silurian) 58 feet ; Upper Silurian 4,214 feet ; Hudson I fiver
and Utica si .: least 2,370 feet—makin" in all

18,394 feet.

In the section, the Pocono sandstone has a thickness of 2,133
feet, and is overlaid bv the Mauch Chunk Red Shale (Rogers's
I moral), 1,100 feet; the Pottsvil] -i.„,e grit,
Kogers's Serai), 280 feet; and the Alleghany River (or Lower
Productive) Coal Measures, 204 feet. The Devonian eoninieiiees
with the Catskill Red sandstone (lingers'* Ponent), 2,6m) feet
thiek. and is underlaid by 90 feet of "transition strata" between
it and the next below; 1,860 feet of Chemung shales (Tergent)

;

1,450 feet Portage flags (Vergent); 325 feet Genesee slate (Upper
Cadvnt); i;.:.-, feel Hamilton shales (Cadent) ; 875 feet Mareellus
! 'i;i'-k -hale (Lower Cadent); GO feet Upper Helderberg lime-
>tone(Pust-m,-ridian): .-^ feet (>:•:> Mian). The
Upper Silurian includes 742 of Lower Helderberg beds (the upper
162 feet limestone); 440 feet of Onondaga marlytes; 1,960 feet
of Clinton shales and ore-rocks (the ore-rocks 53 feet thiek and
deluding two beds of ore 12 inches apart, the upper of 10 inches

I .ickness and the lower of 14 inches); 1,330 feet of Me-
Istone; 568 of Oneida sandstone (Levant). The Lower

hides Hudson River shale -no feet : Utica shale 1,<>70

feet
; Trenton limestone 500 feet. Below lie the Calciferous and

Potsdam, of unknown thickness.
3. Notes xipon the Lower Helderberg rocks of Port jervis,

y. Y.f by Dr. S. T. Baerett.—The subdivisions and fossil eon-

tents of the Lower Helderberg and underlying nek- near this vil-

lage are sufficiently peculiar to warrant their de-cription. They
are situated in the midst of what has very appropriately been
called the Appalachian System; a system of long monoclinal
ridges fronting the Atlantic and sloping backward with varying
dips toward the northwest. These m clinal ridges trending

northeast and southwest are crossed more or less obliquely by a

secondarv and compensatory system of flexures trending nearly

north and south. The Lower and Upper Helderberg strata

together constitute, when elevated above the drift, a low mono-
clinal ridge extending paralh 1 with th. Shawangunk (pronounced

^honguin) Moun dn t i distant \ n < mg from less than a mile

to three or four miles northwest of the < "
'

:-line of that

transverse or secondary system of

Ridge 1 '
of anticlinal

l folds, which add very much to the jucturc<«[ueness

oi the long monoclinal sallev in which I'ort Jervis is situated.

The roads across this ridg< ire i ide nt ssarih n tl* synclinals.

* Abridged by the author from a paper upon the same subject m voL n, Ann.
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and fin lime-quarries are worked in the southeastern fronts of the

anticlinals. Tliis arrangement is further deversified by the dip;

the ridges and valleys heing narrowest where that is steepest, and
broadest where it is most nearly horizontal. These secondary
nVxuivs are verv near together here, three of them occurring: in

the space of six miles lineally of the ridge. Bennet's Quarry is

the central one of these, and has been most studied by the writer.

Buckley's Quarries lie south and north of it respect-
,* —^ quarry depends upon the extent

talus at bottom, and of erosion at

There are at Bennet's Quarry, beginning at the bottom:

taculite Limestone, Prof. Cook's Quarry Stone;* makes the best of lime

- purposes ; about twenty feet thick.

+

No. 3. Lower Pentamerus and Cherty Limestone; together, forty feet thick.

No. 4. Delthyris Shale; one hundred and twenty feet thick.

No. 5. Upper Quarry Stone ; ten feet thick.

No. 6. Upper Shale ; one hundred and fifty feet thick.

No. 1. Trilobite Layers; five to ten feet thick.

No-. 5, 6 mid 7 are believed to belong to the Upper Pentamerus -

and are SUOG* iiskany Sandstone and Cauda Galli Grit

fprmations, the latter exhibiting a thickness of from five hundred to eight hun-

-iis were very kindly identified for me by Prof

Hall:

from No. 1, Tentacular Linu-T >nc; /) nt.iniHr, s ,,/,•,!.<' 'h *\

Spn'iftr Vunnsemt, Meyambonia ovoidea, and Strophod-Mo.

From No. 2, or Favosite Limestone, Favosites Eelderbcryi, a

Cyiithnphylhim, and P^itriuierus yaleatus.
From No. 3, or Lower Pentamerus and Cherty Limestones;

I>ith,><i,Ht€s ph uroptyx, Piint>i,„eru& yaleatus, and a form of Lich-

5, Upper Quarry Stone ; Rhynchonella ventricosa and

6, Upper Shale. This subdivision is very sparingly

, 7, Trilobite layers; Chonetes complanata, Renssel-

'lis, Ii,,„. ,ll,„. .tu.< V>ln»,->„\K 1'>'
"'">" " '"'' * P 1 ' " ''"/''>' "'

D. ,)dcrwus.\ D. d*„tat, t . H>folithe» centennial*,

re different from the original paper. I think the thickness was overestii

.-myself in this Journal, vol. xi, p. 200. Described t
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Orthis subcarinata, 0.

triita, Pterin,, i trxtili*. ]>,,<,', ,.,t dl.-irns, /-'. ('<>/

'!>"/, Lo;r»„enia FltdiUma, T, ntcctHi, * , !,,,,,,•<

i JBeyrichia, probably B. <

ape cies i ot determined.
'en thus exhaustive in the t

taincd in this subdivision, because
s it is by more than a hundi
ta from the true Delthvris

ber -;

- n the geology of the locality

ih ret miito.hllis, and Ihrfinnnitti* ehtitntu.

fossils literally make up the rock.

The Favosite Limestone,* No. 2, is als

of large corals, principally Favosites, 1

believe it is not the equivalent of the

described by Prof. Hall in his Palseozo:

volume ii. It occupies, however, about
that distinguished paleontologist to the
It is a coarse, brecciated limestone, and
sites, an abundance of encrinal frasrmen

Helderbei
,1,0, h, »u'„.-h.i;ttri:! and other Delthv ris Shale "l iU.

'

hn-us.t.*

II, 1
1.

'

i-ti-'jiu is certainly present 1

:

ry

le, it is not the only form i)f th
er. The mos nmuii tvpe roeinbies" <.ery

fhjselv the F. X, rnjarrnsis of Hail ,
Although this Fav.

Limest distinct from the Coralline of Schoharie,

v <>f
/-:'

a~7," -uld

seem to make that fossil of little >unt in determining the age
of the

,,/ <r,, „;,;/,,/,;< „)'cey of the Territork*
,

F.

V. il.v V I.KN, U. S. (ienlooist-in-cl

a -Drainau e Map" of (' .'.'1.

ra

' J. T. Gakd . Wi
\>. w

;

LSOX, G. R. IJ»-:,
:

ni.i.i:.'l'l.< .ANN KIT. G. 1). t IHl TEN S.V.N," and

"it- Keport, from this Survey, containing i

that have been determined in the country,

pared for making this diagram of the collect

is of course and always will be capable of

brings out well the great features of the

"f the Mississippi The contour lines are t

feet, and of each added 1,000.

* Name suggested by Prof. D. S. Martin, of Kutgers
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A new number of the Bulletin of the Survey contains a paper
entitled " a Calendar of the DakotaNation"— ;i document of picto-
rial hieroglyphics, comprising the chief events in Dakota history,
durum the 71 years following 1799, with its interpretation, hy
Lieut.-Col. G. Malleky; also others—on the Kjokkenmoddings
.and graves of a former population of the coast of Oregon, by P.
Schumacher, with 22 maps and plates; on the Twana Indians of
the Skokomish Reservation in Washington Territory, by liov. M.
Eeels; Notes on a Collection of Noctuid Moths, made" in Colo-
rado in 1875 by Dr. A. S. Packard, Jr., hy A. 11, Gkote; on the
Tineina of Colorado, and on new I in Colorado,
by V. T. Chambers; on a new Cave Fauna in Ctah, and descrip-
tions of new Phyllopod Crustacea from the West collected hy Dr.
T. Watson and Dr. E. Coues, by Dr. A. S. Packard, Jr.; Notes
on some Artesian borings along the line of the Union Pacific Rail-

,

road in Wyoming Territory, by F. V. Hayden.
These Artesian borings, seven in number, are located between

Rawlins and Green River, and were made by the chief engineer of

the Pacific Railroad, Mr. T. E. Sickles. The surface varies in

height from 6,224 to 7,100 feet—the latter on the "Continental
divide." The beds passed through were Tertiary or Tertiary and
Crctacous, and lie in a basin," very nearly horizontal. No. 1

counting from the west, near Rock Springs, 1,145 feet deep, stopped
at the bottom of the Fox Hill group of the Cretaceous, Kfd
afforded a flow at the surface of 960 gallons per hour, or 26 feet

above it of 570 gallons per hour. No. -'. near Point of Rocks, 1,000

-topped at the top of the Fox Hill group, and afforded

nit supply of water at 1 7 feet from surface. No. 3, near

,
Bitter i r ek, r,',n; feet deep, descended into the Laramie group,
the upper part of the Lignitic series, "and yields 2,160 gallons
per hour, while flowing 1,000 gallons per hour. The most west-
ern, ju>t east of Crestou, 1,105 feet deep, reached to the bottom
of the Cretaceous, and yields 2,000 gallons of water per hour;
water ten feet from the surface."

and Northern Ne

5. .\„t. on tit. ,;.;,;*,,, <>/ Pro,: >u,- ( „son ; by A. C. Peale.
.red,.—The only p..im' in Pro:; Steven-oifs criticism

of my notes on the age of the liocky Mountains in Colorado,*
which requires an answer is as follows

:

.

"
i page 298 he says that on page 174 of my article "the state-

is made that the Trias is [tlt . >(,„ r j n Southwestern Colorado
Northern New Mevieo," ;i„d that 1 use its presence there as

a strong proof of its pre-ence in the interior in opposition to his

assertion that it is absent in the interior. To prevent misappre-
"

is follows: -in Southwestern Colorado and Northern
New Mexico, the Triassic is also present." On pages 173 and 174
1 prove its presence in the interior (i. e. in South Park, north and
west of the Sawatch Range, and in th< K!k M. -ui.t ains). Hence I

,M *+% presence in Southwestern Colorado and Northern
i proof of i

* This volume, page 297.
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The main points of my article are
x
not touched by Prof. Steven-

IQB, except one, viz: in regard to the Tertiary elevation of the
Kt-«-k\ Mountains, in which, as he says, we agree. As to his Car-
boniferous and Trias>ic upheavals we differ.

It is my intention to elaborate my views on the subject in the
Report of the Survey for 1876.

, D. C, April 18th, 1877.

6. American Palwozoic Fossils.—Mr. S. A. Miu.er of Cincin-
nati, Ohio, proposes to publish a catalogue of the species of Amer-
ican Palaeozoic fossils arranged under each class in alphabetical
order, giving name of author, date and place of publication, strat-

igraphical position, and etymology of words. The prospectus
states that the volume will contain about 275 pages, and will be
ready for sale by the 1st of June next. Price, bound in cloth,

13.00. Mr. Miller should be addressed at No. 8 W. 3d street,

i. Ohio.
7. Palwontoyruphira. Butray: zar Xoturge.-chichte der Vor-

tsgegeben von W. Dunker (of Marburg) und K. A. Zrr-

tel (of Munich).—It is proposed to issue the Palaeontographica
hereafter annually in volumes like the earlier, at a price not
exceeding 4;, shilfings (churlish) per year, payable at the begin-
ning of each year by Post Office order. The editors will have the

assistance of W. Bestecke, E. Beyeich, M. Neumatr, F. Homer,
and K. von Seebach, as a committee of the German Geological

Society. The 20 volumes of the first series, and 1 to 3 of the sec-

ond, may now be had at 50 per cent deduction from the original

prices, rf applied for at once. The publisher is Theodore Fisher

of Cassel, Prussia.
8. Analyses of Japanese Porcelain-rocks, by Henrt Wurtz.—

The paper upon porcelains and porcelain-rocks from Japan,
by Mr. Wurtz. wu- i

unber of this Journal

(p. 320). The following are some of the analyi- -
-numi I in

the paper:—Analysis (1) is of a variety which has the native

.,, /,/.- ft is one <>f the most valuable of the porcelain-

rocks found at Idzumiyama. It is a dull-white, porous, granular,

coherent mass, not unlike coarse chalk in appearance, though

much tougher.' It adheres to the tongue, with a chalky ta>te.

Several other varieties of somewhat different appearance, and

employed in different ways in the manufacture <

very nearly the i

This

analysis (2) of the variety Shiro-chuchL

The only one which varies widely from these in chemi

K i
i.uu-yama-chuchi, and for w

Wurtz coins the Kn_
below gives its composition (G. =2-653), and (4) the same after the

deduction .. .
^oft, chalk-

like substance, with slightly unctuous feel; under a magmner it

appears to be made up of small, amorphous, transparent grains.

In water it falls to powder immediately.
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MnO MgO CaO Na 4

dated Chicago, March 23, 1877.) — I have !

ination of some tantaliferous minerals of the United States, a brief

account of which I offer now. Prof. Sin pan! sent me last sum-
mer a sample of his hermannolite, in which I was able to find

only a largt ,i,l, about 16 per cent of tanta-

lic acid, and very doubtfully a little titanic acid. In one of his

. notes on this subject Prof. Shepard insist- upon rlie difference in

it \ In twcon hermannolite ami the niobite (. ohunbih i

from Brain ard's. Two facts account for that: 1'rainard's niobite

contains over :\1 per cent of tanialie acid, as I ascertained from
specimens kindly given to me by Mr. C. U. Shepard himself;

furthermore, the crystals of hermannolite contain some foreign sub-

stance in the form of yellowish crystals, which I could not sepa-

rate from the mass they were imbedded in.

In the Portland and Aliddletown (Conn.) columbites I found
n-p. «tt\ii\ iru and jn per .-. nt of tanulic acid. A careful

examination of the samarskite from Mitchell County (N. C.) has
shown me that the brownish variety, with a less conchoidal
fractal looking - im \ hat lib uxenite, contains ibout -J -3 pel

cent «,; tn,,t ///.-. ,/,•/,/, a -mall permit aje ol tl,..,',,/ and <>i ,r.l:r

in,,,,.,, in addition to the element- found by Hunt in 1852. The
yttna includes also a little of the rosy earth with absorption
spectrum, called erbia by Bunsen, Cleve and others, and more of

the yellow earth described by Mo^ander under the name of erbia,

but which, in order to avoid' confusion. I call Ay/,/., .

the name rnosatulria which I proposed three vears ago). The
exisn ce of that base is still denied by Bunsen and Cleve, but
their conclusions 1 am further than ever from accepting. A mon-
ograph of its principal compounds will soon be published. All

my endeavors to find Mr. nermann's ih.n ,,>-,:, in samarskite have
proved unsuccessful as well as those of Marignac and Blomstrand,

Other material.
[The account by Prof. Shepard states that the hermannolire was

1 " 1
' [ -' i« I'-ealitA nrai the hous, of Mr. Cook (a dealer in min-

. Cook informs us that there is no such locality

ml that it must have come from the columbite locality, aa mile



III. Botany and Zoology.

1. On Right-handed and Left-handed Relatiotis in Space—
"£'" M-.Miiiir is extraded from J. Clerk-Max^ , ii's lYe:ui>e ,. n

:nd Magnetism, i, p. J.). " Tn this i reatise, the mo-
tlo

.

i|S " r
' r;i!i>l:irir»)i along any axis, and of rotation around that

a\i>. will in- assumed to he of'ihe same si-n, when their directions
correspond to those of an ordinary or right-handed screw." " The

muscles of the arm when we turn the upj>or
>ide of the right hand outward, and at the same time thru-t the
''tii'I forward, will impress the riudit nan led screw motion on the
memory more firmly than any verbal definition. A common cork-
* f' r'--" nuiy he used as a material svmhol of the same relation."

"

"This is the right-handed svstem whiVh is :i.l« .pti-.l in Thomson and
Iait's Xatwxil /'hi/,,, ,-!•,. <_'!:!. The opposite, or left-handed
system, is adopted in Hamilton and Tail's Quaternions."

It appears, therefore, that the view which •' A. Gray, Darwin,
:i:"l r.eiitham" are blamed for taking, is regarded as the natural
one by Clerk Maxwell. Thomson, ,-.. am ,,_ tl mathematicians
and physicists. For avoiding a.-hi-aiit v, "Prof. \V. H. Miller lias

*ugg< >ted t« mi that, is tin tendrils of* th< vim an riu'htd i led
screws, and those <>i ; ,,_. two systems of rela-
tions in sj, ace might lie called those of the vine and hop respect-
!v, 'ly." Maxwell, 1. o. This botanical illustration is readily
ll "'lervtood, hut is not altogether a happy one. By " the vine,"

in of tin I'niti I States, the -rape-vine (as we call it)

:

-

laid hold, and then, when half the coil is in one direction the
other is necessarily in the reverse. And the hop has no tendrils:
the meaning is that its stain, in •

;

'

' to left,

!• e., of the outside observer; while in the larger number of
<'

:i '' -'"
;- (01' which Hindu e, d.' i '•>:>•, h-nhis. it-./ is the better

fcion. Hut the terms
" hop^ystem and viue-svstem" are obviously impracticable in de-

scriptive liotanv. "With the sun" and " against the sun"--the
terms which Da >wi

.

u ? made

"sed in a different sen-e and connection, and anti-heliof ropic for

tee 'oimterpart is too Iom_i' :iud awkward a word. /Sntro/n'c and
u i<titri>

t
,ir mioht ser\. the purpo^- ami it agreed upon would do

by the position of the observer, whether within or without the

circle or coil. Thus, in sa vino- t hat the hop in twining •follows

the course of the sun." it' matters nor wi. ether the coil and the

i'1'ii it path ot tin -m b regai I d U mt - tside or from

i tfiblioteque

Universelle. Jan.. 1877. pp. l:b—The double turn of the helix

in attached tendrils excited the author's attention, but he finds, as

Am. Jour. Sci.-Thibd Series, Vol. XIH, No. 77.-Mat, 1877.
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would be expected, that this i

necessity of the situa

ing a tendril to seiz

from a thread, the
turns of the coil in five ordinary situation. The lower side of the

tend lil is always interior in the coil. This comes from the

arrangement of its fibrous bundles, which form a circle only at

the base of the tendril, but above this only an arc, open on the

upper side; this upper cellular portion is accordingly more

turgescenee and can grow longer than the lower.

Tendrils which remain free are less vigorous than those which

nciit : vigor, as well - in< ens ! gi u h

is developed hy use. The difference in 1 lie direction of the coil-*

' ing, whether from right to left or left to right (or as we should

like to say. whether i-jttroplr or <i„titr<>pic) does not depend upon

anything in their anatomical structure, hut appears to he in some

way determined bv the plant. A series of experiments with de-

tached tendrils floated on water, or with the cut end immersed,

and with tendrils divided into pieces (which preserve their vital-

ity and continue their action) show this ;
when fixed by one end

and free at the other, or at least when fixed bv the summit only,

they coil nearly as often in one direction as the other. The
; the different portions of a tendril ceases first at the

. . ise to apex. a. g.

3. Date V th: fists „f Mf.ntf* l!,.t<in./.— Referring to our

note in the January No. of this Journal, it is worth recording

that the tir>t fasciculus actually ended, as was supposed, on p. fo.

No. 5 consisted of pages 401 to 496, and bears the date

ntained pages 4»7 to 606, and is dated 1821. This in-

is obtained from the inspe<

.ritrinal state, and is obligingly supplied by Mr.
of copies of those j

Dexter, of the Yale College Library,

4. Onion-Smut, by Prof. W. G. Farlow.—A pamphlet of 15

•pages, with a plate, extracted
S- cietary of the Massachusetts State Board
ton, 1877.—The smut in question is as yet unknown oui oi x^«
England, and there it has not long been known; but of late it

has done much damage to the onion-crop at Wethersfield, Conn.,

and in Kssex Co., Mass. The fungus proves to he a peculiar spe-

cies «>f the C*tn.ni;,n<KX« which that of Indian Corn ( / W<W"
.V, ,.VV,) and ,.i ICe. etc., belong. This onion-smut is most like

that of Rye, Ufor^ths <>.;-„It„. and a figure of an affected rv.-stalk

is given in this paper along with that of the onion.

of the latter was named, l.v Mr. Frost of liratth-hor.. C-<> !/-"
! '-'

<-*r „hM ; but it is now for the first time des.-rihed and illustrated

by Prof. Farlow. The subject had. however, been taken up bv
•n niicr- • out at Washington.

in the Report of 1872; but Prof. Farlow intimates—what we

•..at the account and figures there given

throw no light upon the matter. The remedy suggested is to burn
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for three or tour years at least. The smut is the
e conveyed or introduced wit li onion-seed. a.

<.d Instruct ion at ILirrnnl Vnirersitt/.—ln
immer instruction in science for 1877 (which

.light

'the

; now to he given at (.', Voting exeur-
an readily be made to good points on the shore. As it

! useful to call particular attention to this unique oppor-
of obtaining a knowledge of the lower Cryptugamia, we

the subject in connection with Zoological studies, a practica

quaintance with the working <»f the compound microscope.
general course of lectures will he given upon the structure

development of Thallogens, and on one day of the week an ex
sion will be made either into the country or to the sea-shore.

«^»y, and the method oi ' - ;l ' ;u "' tiu ' !

ner of making microscopic preparations wiJ'

will

-lot I Jr. Farlow was a pupil of

the tacili it- t, w
Cryptogamic Botany
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tary ooursi of instruction mi Hotanv and Ve-;etabl< I'hvsinl. uv. in

relation t rum m-l n iiitun _ i, id I i u . 1 t< , will be given
throughout the year, by It •<-tni\> .-ni.i laboratorv-teachimr.

'

This
course will be e. ndtmted h\ 1/rol's. Goodalc. Farlow, and others.

6. Classifies-it ton >md T^rtninolog}/ in Mo„orotyUdons, by
George Bentham.—A paper of 30 pages, and with three plates,

closing the loth volume of the Journal of the Linnean Society.

1877. An arrangement of the orders is sketched, which, being
employed in the Flora .iustrolieiisis, will doubtless be adopted in

the new Gtioro Pinutorm;^ unless in the mean while reason
appears for modifying it. Tlu \ are ^n.uj.i .1 in hum illiaiu *. »i

cohorts, beginning with those bearing the most complete and dif-

u rent'at, d tlom rs. thus: Ulianee 1. Kri.;\\N i-;, with inferior ovary
and mostly biseriate perianth. The four sections are eased, upon
habit and the >eeds, in which rather more than usual rests upon
the presence or absence of albumen. Hydro>:L«ridvn-. aquatic
plants, with regular flowers and exalbuminous seeds, begin the
series. The Sritn»ri),<:<r. which follow, by an awkward misprint
or slip, are said to have *.v-nibuiiiinous >.vd*. As they really

accord in this regard with the fourth and larger section which
begins with the 1,-ideo and ends with the Bromeliaeem, they

i
bo placed after the third section, which consists of

the Orrhiden- and Jhtrmanniacew.
Alliance 2, Cokoxari.e, with superior mostlv syncarpous ovary,

albuminous seeds and mostlv biseriate perianth.
*

Its first section,

ianth of both series petaloid fa character not without

isistsofth Liinir,,, md'their allies, down to the
Po,,t,<h riaewz. In the list of suborders oi Ldiarco - Airavea?"
has by accident been printed instead of Aldneos. A second group

alvcine or none, and the inner petaloid;
I'hU'jd,;;.,,^ V./riden^ CoUt.nelynnrr-t (but not Trillium). The
third group has perianth of both series calvcine, and inclu.les the

Juncem and Palmce.
Alliance 3, Nudiflor^e, with free ovary apocarpous, monocar-

peilary, or rarely syncarpous; the peri u th - thei n.«m or reduced
to a s<.a!e un.l. r each anther, i //*,„",-,,* are exceptional; but
their associari.-n with Aroideo and _\'aiadacem seems natural.

Alliance 4, Giu/mali;*, contains two groups ; the first with ovary
often more than one-celled, and ovule pendulous ; Eriocaulonem,
rt „t ,-,!,, >idecP, Hestiaceoe. The second, v.ith one-celled ovary and
erect ovule, Ci/perxcea-, Grominete. The schedule is followed
by a series of critical remarks and explanations.
The homology of the parts of the blossom in Xi/rix is reviewed.

and better interpreted; the two outer so-called
ments are shown to be bracelets; what was taken for a third seg-

. .uter. is shown to be the representative ot

ular perianth no conflict 'has arisen.
f interest ;„ paper is found in the ex-

position of the homology and t. ... in Cype-
raeeaz and Gmminece,~a just account of which can hardly he given

"U
r
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in a brief abstract. Mr. Bcntham prefers to use the terra glume
in rypaw- as well as in Grasses. While highly approving the
systematic labors of Boeckeler. of Berlin, in flic former order he

Bentham's own conclusions correspond wit!) those adopted in this
country as to the structure in 0//« r>i<-c-i . As to (

'rrunn/int our
prepossessions were all in favor «»f Robert iimun's view, adopted
by Kunth and most agrostohwists, so that link arenth n \\ is

isli 1'lora. We have not room here to exhibit the proposed view

will simplify the study of Grasses, and bring the homology of the
".Tami.Koii-. spik,-!e; into full accordance with ti;at of i \//tl ,-,'„>, ,, and
other orders. The exposition iriven is certainlv we'll calculated
"to enforce a principle generally admitted,, but unfortunately too
much neglected b\ s[.eculative botanists, viz: that to be really
useful, descriptions' should, in clear and mteilii;-i'»h language, not
only enable the reader to identify the plant he has in hand, but
call his attention specially to those characters which may indicate
its r« il affinities, the h m'ologies ot its parts, and any other rela-

tions they may have. But for this purpose it is necessary that

the author should distinguish descriptions of plants from theoreti-

cal explanations, that he should, in terms the most capable of

strut definition, describe only what the observer may actually see,

not what it may be theoretically imagined he ought to see, reserv-

7. The Yarn»i< < 'ontriraw-ts fry irlih-h < h;-l, UU ar, /
r^ft* : bv (iiuii:- Dyiiwiv 'Second edition. New York.—
The lirst ,.li t o . oft if- : t< ! -Gi.ii -Ao.-k. whici, appeared in I-r.J,

IV. Astronomy.

P.p. ir Mn To
t

- Athens, on the 24th
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its full brilliancy in the interval between November 20 and 24.

At midnight on t Ik- latter day tin- light of the Mar u a> <>i gp-ater
intensity than that ot » Prtjuxi, noted of the Third magnitude by
Argelander. Its position does not appear to be recorded in the

usual catalogues of small stars; certainly not in those of Lalande,
Weisse's Bessel, Bode, D'Agelet, or in the Durchmustenntg of

Argelander. From an observation made by Mr. Hind at Mr.

Bishop's Observatory on December 13, its if A. for ISTti'O is -l h

r-Royalor to any other Kngli
astronomer, although a telegram was sent to Dr. Littrow,
Vienna, and probably to oilier Continental observers. The hi

information of the sudden appearance of the new star was receiv
in England only in the second week in December, from t

public notices inserted in the Bulletin International and Compt
Rendus. This neglect is much to be regretted, as there w<

eight favorable evenings at Green wieh before December 9, wh
spectroscopic observations might have been successful! v nun
and of these at least two were near the time of the star's ma:
mum brilliancy. Prin
queuce of almost contir
few observations of the star have been made in this country.
When seen by Mr. Hind on December 1:}, it had receded to the

;d\th magnitude, and was without a trace of color. The observers
in Paris were in< iv fortunate i i

•

: rthe star

was examined on December 2, during a bri. ! i it rval of clear sky,

by MM. Henry, Conm. and ('./.:,.. and • -urn isd of the ibth ime--

mtude. Coder more favorable eiivumstanees. on December 4. M.
Cornu made some satisfactory observations of the spectrum of the

star with tin eastern e<piaton il of tin I'arU ( )hservatory, the

i that day being estimated at 4 5. The spectrum ex-

hibited ei- o
,

> \ _ ines on a lumii >u> gi und, with an
almost eunij to j

,ji i,n ,, , \ , j, ii^hr ween tin green oil

the indigo M. Cornu saw no dark lines; if they had existed thev
must have been ver\ tine, and invisible ow in-- to the iaintness of

the light.

Naming the bright lines according to (heir imensitv by the

Greek letters o to rt, their position* in the spectrum, in relation to

those of certain elements, may be readily s. n from the numbers
in the following table determined by M. Cornu:—

i interesting fact
M. Cornu rei

farmation, that there are several coincidences shown in the preced-
ing table which have led him to the conclusion that the bright



in the star-sped nun correspond exclusively with the princi-

ines in that of the chromosphere, and therefore tliat the light

le star possesses precisely the same composition as that of the
r envelope. He says: "Bat the tnosl carious result, which I

herewith much reserve, hut which it will !>e very interesting

'wards to verify', is the coincidence of tlie line ', very bright

e spectrum of the star, with the green line \= 532 (1474 of

hhoff's scale), observed in the spectrum of the Solar cor.ma
n " orresponds also with

sphere A =587 (helium), than with that of sodium, 589. If this

station

suit eomprehei
lines of the ehromosphei

interpretation be correct, the bright lines of the speet

prebend exclusively the brightest and the most frequen

of M. Cornu. Several

seen by Dr. Vogel in the red, blue-green, an

spectrum; bright bands were also visible in the yellow
d, blue-green, and blue parts of the

trum; bright bands were also visible i

these may possibly I

bright by (

most stars with band spectra. The bright lines . . f, and u
3

were

visible ; b
7
however, was probably not seen bright, but a bright

line on the blue side was noticed, which may* possibly be identical

with;, line wideband ,- is the brighter in

the spectrum of hydrocarbon. One seen in the violet may b- the

third line of hydrogen. Dr. Vogel remarks that there are three

other stars in '"''//'/</.> Jviu-i jnitt i n in ue spectra.
_

By careful comparisons with several neighboring stars. Dr.

Schmidt noted the gradual diminution in tie m< -i - r; ..fth.-h._dit

"*' the star almost daily. The variations of magnitude are ex-

hibited in the following table :

—

November 24 3-0 Magnitude. December 5 5 9 Magnitude.

At the end of the year the star was still about the sevei h

le, and of a decidedly orange color, with a reddish tint.

— Mnntl,,... \,r;,;,- Axf,-.,,,. >.--., Feb., 1877.

2. Planets recently discovered.--The nam.-.
>
re-

discovery, and nam,- of discoverers of the minor pla

since the beginning of 1876, are given in the following table.

The orbits are from the circulars to the Berliner Jahrbuch.
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Planets becently Discovered.

« _ *ES£&. Di8C_e, KtlMa «. I

N^;::
t

*£?

,5.s Coronis, Jan. 4, 1876 Knorre 2-990116 59 I 23 9v,o }<) 355 10
Jan! 26,

"

Feb. 20,
"

162 Pros. Henry. ".0211 o :;i

Apr. 26, "

Eva, Inly 12. '• 24 48 77 27 2 10
Lorelry,

1 66 Rhodope, Vug-, if,. • Peters. '-;m 52
167 Urdu, Aug. 28, "

Sept. 28, «

169Zelia, 5 :;i h-l ::5

14 21 301 18 as 37

Borrelly. 1 1472 8 - 2 3,11.0 -V,

Borrelly. 9 41J331 48 -',20 17

Camilla, (Mn

To the planet | i :-.ii) tin- mime .\W,/ has been given. The ob-
servations ..f (| !>•, J/, ,/,,,, ;„„} : | . ;, ; /v-y//,, wt .re no t such as to

-Me ;-i; ments of their orbits.

To the planets recently discovered might he added the two
! by Palissa, viz: (t;o) J////«/(Sept.. 1*70,) not' seen

before since L->>1, the time ot its d,M..\. vs h'\ Tunic, and (ln7)

Of the first 1 to planets between Mars and
Jupiter, the following have heen seen onlv at the opposition near
the tiin< of discovery, viz: (". !>;/,<, ( 1 _>.>) y

7
;

'

>ytf, .<. (Mi)
Aethra, (137) Meliboca and (139) «/«eica. The following have
been observe/, :lt one ..nno^itioi. >ub-< M ;ient to the time of dis

covery, viz: (06) Mala, (104) €'/,,,„,,«, (107) Camilla (1'--)

Brunhilda, (131) Fa^a, (133) C'y/v?/^, (1:341 S,,phroS'/ne, and
;A./. Seven others of the 140 have been observed at

two oppositions sid>se<pient to that ol discoverv. and 120 at four

e oppositions including that of discovery. H. a. x.

Private Observatory of Lo\3. Publico
pun Erht [Aberdeen
in quarto form. It is privately (and t

has been liberally distributed to as

ctremely well)
]

' L;„<l*nj,

tiie page in M>n*. M'>
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where the star is to be found, column 3 the synonyms, columns 4
and 5 the R. A. and 8 for 1875-0, column 6 the lowest and highest

observation, columns 8 and 9 Struve's distance ami position an-Ie,

component A, columns 12 and 13 the same data for B. Ap-
pended is a table of the precession- in declination for ten //ears
and a diagram r'r.mi which the variable part tit the precession in

Double star observers will i

; d this a i
*

work. E . s. H .

4. La Luce Zodiacal? , sue L< </<//' < Ten, -in <'<*,, lim-. \ /,,,,,,s/'cr-

9. Jimes, per il P. A. Sjeepijbbi,
I). S. P., Direttore <iell" Osservatorio Meteorologieo ,li ['rhino.

*76. 4to, pp. vi, 113, with 4 plates.—This h a reprint,
fi'<"ii 'he .loiirnai of th'e Italian Specf roscopists, of an elaborate
liit h,< ;r chiitlv founded upon the observations of the Rev. George
Jones, of theV. S. Navy, hut with the use of many observations
derived from other sources. The author, rejecting the now com-
monly ive, i\ed theory of the Zodiacal Light', whi h attributes its

bodies.' ' _',

' by its

s, comes to the on that it is , pi

non, in the na ih-i

as merely in its hav ng :

i!'

;

collei!;",t

h is the sup

d spectrum, as re -.1 by a in

-

other observer ithi iff of mere o oiial ami f.

if fact, no one

for a lenu-thofti

al line present, She

um of the zodiaca -fi}

ces, while on the .rh"

s visible. Aga in h itiou of ti

nined by careful ob rv; tions of a't
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(2.) Borrelly discovered a second comet about the 6th of April.
{"<) Mr. Lewis Swift at Rochester, discovered on the evening

of the 11th of April, a very faint comet in the head of ( 'assiopeia.
Tin discover^ was telegraphed the same evening to Professor
Henry and to the Associated Press, hut for some reason notice
seems not to have been sent to Europe. This enabled Borrelly' on
the 14th to announce his later discovery of the same comet.

6. Observations of Comet* 1*77/'. and 1877c. at the Observa-
tory of the Sheffield Sri. s /,,,. /, u,ad, hy W. Bkkbe, II. A.
Hazex, and T. A. Smith.—Comet 18775. was observed here at
the dates given below. At first it seemed a round nebulous mass,
about 5 m diameter, at first s]b_ditlv but later more phiinlv con-

densed at the center, clearly denned on the side toward the sun,

_ i ry "-radually in th. opposit - direction, though with-
out any elongation that could be properly called a tail. But on
the 21st, after a period of doudv weather, the comet had become
" H !

' ii-ht. i. with a well-defined nucleus. Two tails were also

visible, one extending nearly west alone; a circle of
about 20', and on,- southwest making with the first an angle of

about .iii°, the whole forming ., kind of fan-shaped tail. The fol-

lowing ol)servations were mad.' with a ring micrometer con-

structed by Professor Lyman. It differs from the usual form in

that ir consists ( ,t f..ur concern ric ring-, the largest about a degree,
-' about s', in diameter. By this arrangement any or

all <! the s circles can be u<ed for comparisons, and selections may
be made for the best observations, whether for H. A. or dec.

. In absence of a chronograph, or of a clock in the
tower, an assistant noted time from a portable chronometer. The
names of the first three comparison stars are uncertain.
New Haven m. t. (C—S). Aa (C—S), AS Comp. star. No. Comp.

April 7, 16 18 38 +2 1786 -17 19-15 43397 LL. 11

Swift's comet (1877c.) was seen here on the evening of the 12th,

and the observation then made is perhaps the earliest exact meas-
if* place. The comet appeared to be a faint elongated
less than 1' broad and was :>' or 0' long. With powers

of 40 to 200 (object-glass — - in.) ,,o trace of nucleus was seen

tig mark. The comet passed centrally over a
10 mag. star, which at first was taken i'.-r a nucleus. The "-place of

this star was Taken as that of the comet. The comet was again
seen on the 22d of April.

New Haven m. t. (C-8), Aa. (C-S), Arf. Comp. Star. No. Comp-

April 12 9 2 -4 43
B

32 + \ 51-2 a 1
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V. Miscellaneous Scientific Intelligence.

1. Notts on the Appearance and Migration of the Locust in
Mm,itnf>„ and t]n Xort/urest TrrUnries. Sumriicr of 1875; by
Gk,.r,;e M. Dawson. 1 8 pp. 8vo. (From the Canadian Nat-
uralist. )—Mr. Dawson states that in 1875 the hatching of the
locusts in Manitoba began in favorable places May 7th". an.l be-
'""", mmeral May 15th. The most northern local'itv was Mani-
toba Lake, in latitude 51°. The movement began in July, and
was most general durin- the latter half of the month and first of
Au-ust; and Hie direction was southeast or south, the insects

'! " ri
> iisins- v instinct tin winds that favored their pur-

1"-". Many were carried into a country of thick woods, where
they did little barm, and few reached Minnesota. Others passed
over brookston, Polk County, Minnesota, and Fort Totten, Da-
kota; and probably the Siouv Citv locusts, mentioned by Mr.
C V. Riley, came from Manitoba.
Other swarms of locusts came from the south across the 49th

"n
; 1; 1. villi a u .1, trout stretching from the 98th to the 108th

meridian, which differed from the natives of Manitoba, inasmuch
as they arrived before the latter were mature. These were "the
extreme northern part of the army returning, going northward
;i'id northwestward, from the State- ravaged in the autumn of
1874." They appeared at Fort F.i June, and at

Qu'apelle Fort on the 17th ; about Swan Lake House, their most

t, July 10th. Fort Felly, farthe
'Hn-ee farther south was reached Jul'y^th. About seven days
were occupied in the journey from the latter place to Swan River
Barracks, a distance of only* ten miles.

Mr. Daws, n conclud. - tin t the pla .ting of belts of woodland
Would effect in turn a u neral -ion of the

the forests in 1875 being perhaps due to the insects

The journey southward was regardless of the direction fr.m

v parents had come the preceding year : and tln^e of

V'braskn, Missouri, I\ans:i< and i

Westward, returning on the course of their parents which had

tended orei there borders of Texas
almost to tl

' 'lie normal direction of

of forest trees; the protection of the praii

I ime for destroying the young inseel

hatching grounds by fire ; the protection of insect-eating 1



Miscellaneo us In ttlligence.

The Telephone. -During the month of* April, "tele]

>th, the music, although rather feeble in torn

by the audience in alt parts of the hall. A

ert, April 9th, eight airs, commencing wit

," were listened to "with profound attentioi

f each tune was enthusiastically applaudei

in Piiilai-lpl.ia v.ctv ili-tin.-tlv heard on a " relay" used in "the

"tii
. , -.i.h had no connection whatever with the wire that was

the i. .trument. X. V„ / rL'!* of l/rlf 10.

•i. Semitic K^JItlon to th Unci-,, Mountain R, ,,lon f,"<),,

Wlb < ,* < oil'>;,:.—A partx limit. 1 to d.out tit't < . in mmb r.

>»'lp- !:.,•,„ Jit;,,,, o,.,,i s.i.nmtr school of RutUr Tin

Trrlnf/ton, /,<,//,,/„,,_This ex pedition leaves Iiidianapol

. Louis about June •joth ; and will uo from there by rai

> the Iron Mountain re-ion and through Arkansas, to Ds

'. i. A. Uyors Prof. W.



comoined action ot the winds and waves, and not by the sedi-
ment of the dischar^ine,- streams; tliat it is a combination of a
<lnft-h,n> (funned by drifting* of sands :»l«,ii«r t he shores t Sin.u-h
wmd-made currents), and a K-ar^hti,- (-Made by the waves), and is

not a Odto-hir (or one largely due to river detritus).
Lieutenant Smith reports on the practicability of a Canal across

Florida, with reference to a reservoir on the 'smninitdevel. lie
cah-ulates. from the mean temperature of Florida (about 7<>°) and
the dewpoiut (o5°), by using Dalton's law. that the loss of water
by evaporation would be 7"458 inches per month. In connection,

(Dr. Halley '„
, TJl\ '

(""tte'>. ^ ','.„"
",'r

rii'i. i i~ ' .
' i ."W

•'

s . , i'h

l,; '7o in. (Hoard of Engineers). The loss from filtration is made
to be about fourteen times that from evaporation. lie calculates
t' at about one-fourth of the rain-fall can be made available—one-
third being the usual allowance, in the more northern States, and
40 per cent the result of the experiments of Mr. J. B. Jervis with
reference to the Chenango Canal, New York.

In addition to other sources of supply that of water of infiltra-

tion is considered. Lieut. Smith i'ouud. on trials, that water
stood in shafts in til sands soil up t< within five t t of th ^n<i.\<

during the months of July. August and Sepieinhcr. and into

November, except portions of July and August, when it was
igher: th it tin sou vl cou d he relied i li u>'_ tlic

inu' months; hut from then until the rains begin in

June, the country is too dry for water from this source. It is

i

> available from th> rains, and
: - ! ';<'it two-thirds more than tic canal would require.

The Report contains also the valuable paper of General Wa li-

on European Surveys, compiled under the

rith plates showing style of work: also,

r^ report of Lieut. Wiikki.ek, , M v< wt' st ot

[he 100th meridian, a notice of which is d- erred t. nother l um-
ber; the Report of Capt. Ludlow, already notice. 1

,
on page 22s,

besides others.
'i. H'i'thtof" West Hills;' Lot,', Is!" ', - W. .

that the he! - Surrey tor the • W -

383 feet, was .ti.ms that s*et aside entirely the

doubt expressed on page 235 of this volume.—Eos
s

of Iron and /Steel with reference to the latest Investigations. An

n of geological
and scales of m



H,Prof. Poly tech. School at

Stuff-art. Translated by A. Jay DuBois, Ph.D., Prof. Civ. and
Mech. Engineering, Lehigh University. Penm, with an Anpetidix
by R. H. Thurston, A.M., Pro£ ".Mech. Eujr., Stevens Inst,

oboken, N. J. 21
plates. New York. 1877. (Johi
Dr. Weyrauch's work has special importance in this bridg< -lmihl-

Technol., Hoboken, N. J. 210 pp. 8vo, with lour lithographed
T

Wiley A: Sons, 15 Astor Pla. *

ing country. It treats of the method of
steel structures, explain.- WbloePs important la w, sets forth a new
ami improved method based on formula' original with Prof.

Lai 1 rlt i 1 th ithor, and presents practical directions and
xperimental results, a h is essential to

ruction. The translation was made by Professor DuBois,
at the request of the author.

8. The Chemists Manual: A practical Treatise <>» Chemistn/,

Qualitative <m</ <j>i<i,.t;t<itii> t .<„,,/,,,/> v,,/,, ,,,,;,•>/. /;/>>>'/„)„

Analysis, J/i/jf r<i/, ,</</, .i.w/,y /,/,/, T<>. ••;,<,/,,</,/. <pe., d-<:; bv Hkniiy
A. Mott, Jr., P.M.', 'Ph.D., Vto,' 625 pp. 8vo. New YoVk, 1-77.

(D. Van Nostrand).—This work is a eompend of chemical facts

and principles. The author has shown skill in the selection

of his materials, ami has derived them generally from the latest au-

specific gravities and weights; formula- of frequently occurring

; the table ol alcohols in atomic

series; poisons and antidotes, etc. ; Memlelej ff"s classification of

the elements, reproduce. 1 from Watts'- second supplement. Pnder
<) lai itative analysis, are s< in m - and spe -iric instrtn tions for flu-

analysis of the more frequently occurring commercial products.

and in organic chemistry for wine, milk, sugars, both chemical
and optical, with much tiiat is not found condensed elsewhere in a

form so conveniently accessible. b. s.

9. Astronoiu til J//// i,,,./,, Plamwakion's //,-t.., , >! th*

Hen reus ; by John P. Blakk. 482 pp. 12mo, with plate- and
wood-cuts. London, 1877. (Macmillan & Co.).—Tim 1.itlo of this

work hardly does it justice; for while containim-; astronomical
myths, it gives in a popular way much of the early history of

i - mm-thing of early notions in geography.
The chapters on the Pleiades is especially 'int. r -tin..
out much on the year and festival times of the ancients, and on
the astronomical knowledge of the Egyptians and purposes of

the pyramids. It has chapters also on The Zodiac ; the origin of
the Cnstellatious; Pdipses and Comets; Astrology; time and

J

1 " ' ih-ndar; and m.ui\ ..t her -ubject-. all of which are treated
in a way to instruct and entertain.

The Electric Bath; its medical uses, effects and appliances, by George M.
Schweig, M.D. New York: G. P. Putnam's Sons. 1877. pp. 134, 12mo.

Lecture Notes on Elemei
Ihem. and Min. Pennsylvania College at Gettysburg.

m and adjustment of Series ; by E. L. DeForest. 52 pi
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In the preceding part of this paper the discoveries have been

announced of Trent*. limestone in North

Castleton, Hubbardton, and Sudbury, within the area of the

"great cen: East Cornwall just east of the belt;

east of the village of Shorehara; in Eastern Orwell; in Middle-

bury, and north of East Cornwall—indicating a north-and-south

area of Trenton limestone either side and underneath the slate,

and showing the slate to be probably the Hudson River shales
;

of Chazyjossils at West Rutland ; in East Cornwall ;
northeast of

the village of Orwell ; in West Cornwall ; in North Cornwall at

Ellsworth Ledge ; at Weybridge Upper Falls northwest of Mid-

dlebury ; of Quebec fossils, south of the East Cornwall locality

of Trenton fossils, and in North Cornwall at Ellsworth Ledge

;

of Calciferom fossils near the borders of West Con

Bascom's Ledcre ; in Northeastern Shoreham at Mutton Hill

and also in another fold near by (affording a small spec.es of

Orthoceras, etc.) ; near the border of West Cornwall at Bascom s

Ledge, and at Barbour's Ledge in South Bindport.

The Eolian limestone extends north through Middlebury

and New Haven and terminates in Monkton, and affords other

fossils in its northern portion.

6. Northern Middlebury, New Haven, Monkton.

About two miles north of Middlebury, a few rods east of the

road running by Messrs. Hammond's to the Severance (or Old

Am. Jour Sci -Third Sbries, Vol. XIII, No. 78.-Jcm, 1877.
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Middlebury) Marble Quarry, half a mile west- by-south from the

quarry, across a small stream, there is a thin bed of limestone

dipping to the east 70° or 75°, underlaid on the west by six or

eight feet of dark fine-grained quartzyte holding IScolithi At
this place ten or twelve specimens of a small Orthoceras occur,

weathered out over the exposed surface of limestone near the,

place of contact with the quartzyte. The Orthocerata are

tapering in form, three to five lines in diameter and one to two
inches long, and have very fine close septa. The species is very

much like the Calciferous Orthoceras figured by Hall in the

New York Report.

11yd;

although only worn sections. Expecting

that Mr. Wing would describe the Ortho-

ceras, and also hoping that I should re-

ceive from him a specimen (which only

long working with a quarryman's tools

could safely "dig out), I took no satisfac-

tory notes at the time. Through the

kindness of Professor H. M. Seely, I

have had " squeezes" from three of the

of septa is from ten to thir-

teen in a quarter inch, that is forty to

fifty - two in an inch ; and I have also

received drawings made on the spot by
Miss Parker. The accompanying three

figures are from these drawings and the

squeezes. They are natural size; and

Professor Seely observes that there are

indications, though doubtful, that the

upper end of No. 1 may have been half

an inch longer. The figures are restora-

tions only in having part of the septa more entire than in the

specimens.

They show that the species is much like Orthocerasprin
Hall, but that part have a slight curve. .Mr. Wind's earliest notes

on this locality among those in my hands, occur in a h-tter duted

October, 1867.*

Half a mile northwest of the Orthoceras locality and two
and a half miles northeast of Middlebury village, and appar-

ently in the same formation with the last," there are specimens
resembling Ophileta compacla ; there was also found here a

* I repeat here that the paragraphs in smaller type consist of remarks by the
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lven is correct as to size

the grace of the original."

About a mile southwest of the
Middlebury quarrv and tliirtv or

forty rods west of Mr. E. Kirby's
residence, in an old orchard, seve-

ral distinct convoluted shells were
dark siliceous limestone

dlebury Marble Quarry above-mentioned extends northward

of New Haven to New Haven River, a distance

miles. The following figure represents a section

the southern border of

r of Xew Haven town,

the town of New Haven. There are in succession, going east-

ward along the lines of section, 150 feet of dolomite (a) ; 200 feet

of marble (b) ; 150 feet of dolomite (c) ; 10 feet of gray quartsyte
(d)

; 800 feet (e) of buff and reddish quartzyte with some slate.

The quartzite has been made the overlying rock in the view of
Mr. Wing by an overthrow fold. This quartzyte belt, with the

limestone west of it, stops at New Haven River. But, 80 to

100 rods to the west, another belt begins which stretches north-

ward, passing just east of New Haven village (four miles from
New Haven River), and finally joins the Red Sandrock of

Monkton.
At a place two and a half miles south of New Haven village,

in a field belonging to Mr. J. Brown, a small Orthoemu was

found over the weathered surface of the dolomite just west of

the quartzyte, which was apparently identical in species with

those of the 1 tioned. The Orthoceras is closely

like tl ..* ,.f Sh,,reham (figured on page 342), which was found
in limestone adjoining the underlving sandrock. The quartzyte

at Mr. J. Brown's, two and a half miles north of New Haven
- 400 to 500 feet thick, dips eastward at an angle of

50° to 60° and contains " numerous Fucoids and obscure

Scolithi." '

This locality is one of those I visited with Mr. Wing. The

Letween limestone on the east and west all

ike. The dolomitic limestone to the east has a reddish
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color seamed with white, somewhat brecciated, and resembles
much the red Winooski limestone (Primordial). The quartzyte
ridge was nearly half made up of hydromica slate.

For a mile northeast of the Wejbridge Upper Falls, across
the railroad, the "striped stratum" is seen in short ai

without fossils; but in a fold skirting the western foot of Town
Hill, near an old lime-kiln, on the farm of A. Lorraine, three
miles southwest of New Haven village, Rhynchonellce were
found. The same formation extends on and contains fossils in

Brookville, and " in northeastern Middlebury east of Chipman
Hill, a little north of Mr. Foot's residence, just east of the road
going to Mr. Hammond's."

In the northwestern part of the town of New Haven, one and
one-half miles north of New Haven depot, a few rods west of
Mr. Charles Mason's residence, the road to Monkton cuts

the western border of a low quartzyte anticlinal, hav-
ing an eastward and westward dip in the opposite directions.
Following the quartzyte northward twenty-five or thirty rods,
Fucoids and Scotithi are found in it. The quartzyte to the
west and east dips under heavy beds of "dolomitic siliceous
limestone." Farther east there is a thick stratum of white
crystalline limestone or marble; next, beds of "sandstone"
and concretionary limestone ; next, a coarse " sandstone" con-
glomerate

;
next, limestone. " Obscure Orthocerata, convoluted

shells and an Orthis were seen," and they appear to be fossils

of the " Ophileta beds" or Upper Calciferous. " The limestones
end in Monkton not half a mile north of this place," the rock
beyond being the Bed Sandrock, with its Seolithi and Fw»i<ls.

terous formation is thus traced to the northern limit
of the Eolian limestone.

to the^quartzyte anticlinal just described, I found

the quartzyte, showing that

rl.i.-kl

aecnon of yuartzyte Anticlinal

of limestone, probably dolomitic, twenty feet in height of which
were exposed to view. The beds at this place have only a small
dip. ihe general relations of the beds are shown in the above
section.
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The quartzyte is in most parts a little slaty in structure, and in
limited jM-rtious ;i shining ^ravish-black slate. In places over it

there are areas of sub-concentric conchoidal lami- n
nation, looking somewhat as if examples of the

"

flow-and-plunge structure, but more probably a \^J
. result of concretionary consolidation. Tothe'lat- jD

ter cause I attributed some forms that looked ex- tegf
ceedingly like casts of a Pleur»U»,t«ri„ and a amsl
Murchison ia, and of a v al ve of Orth is lyn .r. Ot hers
of these imitative forms over the surface were J*
semi-cylindrical and chambered, as if worn casta JJjof long crinoidal stems

;
yet having the chambers WB

too large and irregular for any known crinoidal K|
forms. A portion of one of them is here figured
natural size; its total length was over ten inches. g*
These simulations of Crinoids may also be due to

J**a concentric structure in the slaty portion of the m>J
rock

; yet how, it is not easy to understand.

1. Eastern portion of the Eolian Limestone belt, and the Q'nirfzyf-:.

adjoining.

In this eastern portion of the Eolian limestone, constitut-

ing one-fourth to one-third of the whole breadth, no fossils

have been found. The more orj of the rock
accounts for the absence of fossils. Conclusions as to its age
and that of the quartzyte have to be based on other consid-

erations. Till- cu.lei..',' !' intenser metamorphism on going
eastward is apparent beyond the limits of the limestone region,

to and bey

e

ktain axis,

The interstratifieation of the quartzyte and Eolian limestone

is illustrated in the section given on page 340, in which two
bands of dolomite are included between belts of the quartzyte.

In July, 1875, Mr. Wing made, along with Professor Seelj,

a special examination of the quartzyte mountain called the

"Hogback," forming the northern terminus of the Vermont

Quartzyte range, and lying near the western foot of the Green

Mountains. At the north end of the Hogback a low hill, situ-

ated north of the road to Starksboro, is of hard gravis i quartz-

yte, while the main range south is brownish and i

stratified, with the dip 70° to 75° to the eastward. North of

this low quartzyte hill, the quartzyte extends on northward in

narrow masses,' and is directly overlaid on the northeast by

dolomite and bounded by the same dolomite around the whole

northern end. The dolomite on the west was not seen in

immediate contact with the quartzyte; but at the nearest

point, "some rods distant," it seemed to dip east at a higti

angle, while a few rods to the west it had i

dip. On the east side of the quartzyte at this northern end of
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the range, and also south to Starksboro, there is another north-

and-south range of limestone (dolomite), having an eastward

22. dip conformable to the

port, p. 346). The figure

here tdven (copied from

Mr. Wing's note book)

gives his view of the strati-

V.,-' At Starksboro, east of
i Hogback. the dolomite, there is a

quartzyte ridge which " for a height of 3,000 feet seemed to

be an immense flag-stone quarry; the rock is quarried for flag-

ging farther north. It may be called brown quartzvte : it is

within the 'Talcose Conglomerate' area of the Vermont Geolog-

ical Report." The layers are nearly vertical, having a very

high eastward dip, conformable with the dolomite and with

the quartzyte lying west of the dolomite. The whole rallef

between the two ranges of quartzyte,—a nearly level strip of

country ''embracing two or three villages, excellent farms and

farm-houses,"—seems to have been made by erosion, the dolo-

mitic and slaty strata having been worn away faster than the

quartzyte of Hogback on the west and the Flag-stone ridge

on the east. The only fossils of the quartzyte are t

and Fucoids observed elsewhere, and these are the same with

those of the Red Sand-rock.
The conclusion given in the notes of this excursion in 1875

is,—that "all the rocks in Bristol north and east of Mr. Oakss

residence (on the road next west of Bristol village), all in

Monkton and in Starksboro, are older than the G
the dolomites belong to the Red Sandrock series, or that

of the quartzyte, and in some places appear to be 400 to 500

feet thick; and they overlie the quartzyte, being beneath

because of an overturn anticlinal." These dolomites here

referred to the Red & those called "Subcrys-

talline limestone" on page 343, which contain the <

Orthoceras at Mutton Hill and are there referred to I

Calciferous. The following section (from the letter of 1872,)

represents the rocks between the Red Sand-rock west of New
Haven (see map) and the quartzvte at the village
and Mr. Wing's view as to the folds, «. The Red :

dolomite or "Subcrystalline limestone;" b, The '

beds" or Calciferous ; c, The "Conglomerate" or "Trilobite bed
or "siliceo &g it," underlying to

the south on the strike, " Rhynchonella beds" containing fossils

;
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Q, quartzyte. Adjoining the Red Sandrock on tbe w
I of the section on page 343, a "dolomitic sandstone.'

-ection from the Bed Sand-rock west of New Haven to the Quartzyte
at Bristol village.

In the excursion with Mr. Wing we passed along by the west-
era foot of the Hogl,:u-U range, north of the village of Bristol.
At one point the limestone stratum was seen to form the lower
part of the quartzyte bluff, and to dip beneath rh, .pi.-irt/w.- at

i\y. as if actually an underlym- stratum. Mr. \Vi n ^
spoke of this limestone at the time as part of the Primordial or
Red Sand-rock series.

A section of Hogback in the Vermont Geologi
taken along a line south of the rei

between Bristol and Lincoln, makes r

domical Keport.

•d by Mr. Wing,
the west base

represented in the figure; but tbe Report says (p. 346) : "in the
" New Haven Kiver, passing up to

limestone occasionally seen, inter-

stratified with the quartz"rock, nearly as far as Starksboro village

;

; of Rutland, I found that the
nearest outcrops of the two v

t they were conformable. They \

j eastward ; but

> remote to make it -ure

nformable according to

mterstratified with, and replaced by, hy
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chloritic), or a hydromicaceous quartzyte or c

In Sunderland the quart lies, with quartzyte, tai-

cose schist [that is, hydromica slate] (p. 614). In Wallingford the

quartzyte and quartz conglomerate are interstratified with talcose

t (p. 627). "Talcose schist is associated with the quartz-r<

of Mendon" (p. 634). In Goshen "the quartz rock formation is

composed of hyaline quartz, talcose schist, and argillo-talcose

schist" (p. 640). In Ripton " the quartz-rock is composed of ten

bands of different rocks, viz: hyaline quartz, compact sandstone,

talcose and chlorite schist " (p. 645). Speaking of the belt of" tal-

cose conglomerate" it says that it includes sandstones, breccias,

quartzyte, coarse conglomerates, talcose schist, novaculi

and "talcose schist is the most common rock in the belt"

(pp. 386, 387).

I have examined this association of hydromica slate and

quartzyte in the quartzyte ridge northeast of Rutland (the ridge

making the western boundary of the town of Mendon). Having

on my second visit struck the ridge at a different point from that

examined on my first visit, I was perplexed by finding hydromica

slate in place of true quartzyte ; but afterward reached an ex-

planation on observing the gradations of one rock into the other.

The Geological Chart of the Vermont Report does not generally

represent this interstratification of the quartz and hydromica slate,

as the Report observe* oil were not separately

made out owing to the intimate relations of the two. It is shown,

however, in Section VIII, where, near Ripton, occurs ti

" Quartz rock interstratified with talcose schist ;" and bands of

color in the colored section represent the fact.

8. " Great Fault of Western Vermont:'

Snalce Mountain is a north-and-south ridge of Red Sand-rock

several miles long, situated to the west of Middlebury, within

seven miles of Lake Champlain. It has a steep western face,

and gradual eastern slopes—the former across the str;

and the latter nearly conforming with it. This western side is

the course of a great fault.

The rock of Snake Mountain east of the fault is the Red
Sand-rock of the Vermont Report, and this continues to be the

surface rock eastward to Otter Creek. At the southern ex-

tremity of the mountain, in Bridport, west of the mountain,

there are the successive Lower Silurian formations, but in an

inverted position. The following section gives the order and
position of the beds observed at this place.
The first and uppermost rock west of the fault containing

fossils is the Chazy ; below this comes the Trenton, and next the

Hudson River, so that the Chazy and Trenton have been folded
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back for two or three miles upon the slate. This arrangement
in the main prevails along the west front of Snake and Buck
Mountains to near Vergennes.

"Along the highest part of Snake Mountai
stone is seen at all. At the north end of the mountain the Red

Sand-rock has been lifted until it is 700 feet above the level of

the Hudson Eiver slates to the west, while at the bo

four or five miles distant, it is much less elevated. Around its

northwest end, only the Hudson Eiver slate is seen. Then the

Chazy comes in behind the Trenton, and both are folded over

on the slate. The Chazv. Trent, n. and the Hudson Eiver slate

disappear in the same order farther south. The Eed S

(Potsdam) appears to have been pushed up and thrust w »->t over

these other formations; and so far over, opposite th(

part of the mountain, as to coneeal first th« < 'ha/o .
the Trenton

and the Hudson Eiver beds ; then, farther north, leaving the

Hudson Eiver beds, Trenton and Chazy, along the lower parts

of the mountain."
The Chazy beds on the west of the fault afford large Maehrax,

one or two 'species of Orthoceras, an Orthis ; the Black Eiver

limestone. • "des otber

species; the Trenton. Trinuctoi* c utricus, and various

other fossils, and the Hudson Eiver slate its characteristic

species. „.

This fault continues south through Bridport, Eastern Shore-

ham and Orwell to Orwell village and beyond, "but with some

irregularity of direction, it following neither a meridian nor the

line of a belt or fold." . . .„ *

"Two or three miles south, half a mile west of he.village.of

Shoreham, and south by Sisson's Hill and Barnum s Hill, in he

south of Shoreham, the Potsdam proper is folded over on to tne

Hudson Eiver slate." "Six m i h

v

valley of Orwell, at Ch.f , sll ~. in a deep gorge made by

the stream, the Chazv, holding \, £*£*
the Hudson Eiver slate, etc/' Mutton Hill adjoins the fault

Again in Waltham, eight or ten miles north of Bridport, the

Red Sand-rock is brought up against the Trenton.
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Prof. Emmons describes the fault at Snake Mountain and gives
m his American Geology (vol. I, Part 2, p. 87, 1855) ; hut
i seems to have been taken north of the point described

i«v h'. Wing; the place is not stated.
#
It makes the formations

to the west of the fault lie in regular 'instead of inverted order;
Professor Emmons supposed the rock of Snake Mountain, raised
by the faulting, to belong to his Tannic System and therefore

Prof Hitchcock, in the Vermont Geological Report,
'
i without the fault.

the Geology of the part of
it investigated by him.

1. The hydromica slates, clay slates, Eolian limestone and
quartzyte, with the so-called talcose conglomerate on the east,

are all of Lower Silurian age. and conformable in superposition.
2. The Eolian limestone is not Taconic, as made by Prof.

Emmons
;
nor of some one formation, as implied in >

m the Vermont Eeport and in the name it gave it ; nor of the
Quebec group, as inferred by Loom,: it includes Lower Silurian
limestones of various periods, the Upper Potsdam or Lower Cal-
ciferous, Calciferous, Quebec, Chazy, Black River, and Trenton.

3. The Red Sand-rock on the west of the Eolian limestone—
admitted to be Potsdam or Primordial in age—and the Quartz-
yte on the east which often rises into mountain ridges, are of the
same formation, and come nearly or quite together in Monkton,
on the northern limits of the limestone area.

4. These rocks—the Red Sand-rock and Quartzyte—are the

and eastern borders of a great abraded synclinal, the
axis " l ybi.h in its northern part has a slight northward rise

I dip), the sides there coming together; and which
also has both the eastern and western sides of the fold east-

lined, the dip of the beds being generally eastward.

borders there are, in some parts, subordinate longi-

inals and synclinals.
5 The slates of the "great central belt" are of the age of the

Hudson River slates (or that of the Cincinnati group), for- the

1 on page JJ4.3—which arc briefly "these : (1) the

I in several places on both the east and west
Sldes by 1; mUus, etc.),

and di i where else have Trenton fossils been found in the Eolian

; (2) there are also narrow north-and-south outcrops
fthering Trenton fossils

: ,,

underlaid by the limestone at its north end;
v*) m Whiting the Trenton limestone of the Sudbury area has

•nnection, across the si limestone of
"

'

'.
^ - :V . :

'.:-
—•the slate being interrupted "for forty or fifty rods."
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The Trenton limestone has been identified west of or within

the "central slate-belt," at localities but a few miles apart, in

all the towns north of Castleton (the most southern on the map
g, in succession, Hub-

hardton, Sudbury, Whiting, Shoreham, Cornwall. We.\ bridge;

and east of the slate-belt, in Leicester, Eastern Cornwall and
•.stone adjoins the "central slate-

. belt" in West Rutland.
6. The several Lower Silurian limestone formations lie in

north-and-south belts, with the lowest—the Potsdam and Cal-

ciferous—nearest to the Red Sand-rock, or to the Quartzvte,

and the upper—the Trenton or Chazy—nearest to the -central

slate-belt." This view is presented in the section from East

Shoreham to East Liecestcr on p. 340.

This is confirmed as regards the Trenton limestone, "Sparry
limestone," by the list of its localities just mentioned. The
0haz\ "Rhynchonella beds"') so well represented b\ fossils at

rded fossils also in Leic* ster. East Corn-

wall, Middlebury, and the same fossils have been found on the

east, as on the' west, of the "central slate-belt;" while the

''striped stratum," which is a marked feature of the Chazv.—
"a way-mark by which the rock can be recognized without its

fossils," occurs also in Middlebury, in the western part of Bran-

don bv the Burgess Field farm and along the quarries of this

part of the town, in the western part of Pittsford, and in North-

era Salisbury
; and "doubtless it reaches the marble <y

West Rutland, and continues south through Tinmouth and the

whole State ; and in this formation is embraced the Birdseye and

Black River limestones " "On Crown Point, Lake Champlain.

these 'striped beds' are largely developed at the old Forts, and

are perhaps 100 yards beneath the Black River limestone—

whether in the Chazy or Birdseye is not known. I

stratum of seemingly pure sandstone, resembling the Potsdam.

overlying them at Crown Point These facts may help to solve

the age of the same 'striped beds' in Addison County.

The groups affording .

,t,e
^
es
J

. s of the xtea
'

localities north of Mid-

or where the limestone

and quart7yt^7ome"Togetnerr The "Ophileta beds," or those

referred to the Upper Calciferous, come next, being more remote

-

The beds occur, with their ft *sik i« Salisbury, Leicester and

Brandon
The eastern ran-e of limestone, or that forming the eastern

margin of the great Eolian belt, a mile in width in many places
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the

Orthocerata to be—like that nearest the Eed Sand-i
west of Shoreham—of Calciferous age, if not Upper Potsdam.
The localities affording the Calciferous f<

«

in Salisbury, Leicester and Brandon lie a little to the west of .

the great marble formation; and this marble formation is con-

sidered the equivalent of the western " Subcrystalline lime-

stone" just above thefucoidal sandstones or Upper Potsdam.
The dolomites farther east belong to the Upper Eed Sand-rock
series, or else the bottom of the Calciferous, as has been else-

where stated.

The later formations extend less far north than the older

because of the inclined axis of the great abraded synclinal:
"the Hudson River slates (those of the "central slate-belt")

reaching central Weybridge; the Trenton, about a mile farther;

the Rhynchonella beds five or six miles farther north ; and
lese disappear, owing to the rising into view of the

Red Sand-rock."
7. The quartzyte of the eastern range, with that also of the

local belts in the Eolian limestone area, is regarded as Potsdam
(or Primordial) in age, because it contains in many places Sco-

lithi (worm-burrows) and Fucoids like those found in the Pots-

dam sandstone; because also it adjoins Calciferous limestone
beds at the localities just mentioned in North Middlebury and
New Haven ; and because it joins the Red Sand-rock in Monk-
ton, and one rock has in many places the character of the other,

not commonly alike in color, and showing differences

ble on the ground of the greater metamorphism of the

quartzyte. "In Monkton, the Red Sand-rock and the Quartz-

yte meet in a succession of short anticlinals, thus cutting off to

the north the great trough or synclinal;" and "the Red Sand-
rock absolutely overlies the beds of Red Sand-rock in one anti-

clinal and the quartzyte in another anticlinal, and both hold

Scolxthus linearis.

8. The quartzyte belt of Rutland Center (just north of Rut-

in the associated slate, extends north by Sutherland
Fails nearly to Forestdale, and it runs south of Rutland Center

•ndon and Tinmouth. It lies throughout within the

mestone area. But it is seen on the map that the area

Hue of strike of the quartzyte-range north of Pittsford.

This quartzyte is regarded as Potsdam ; and the limestone which
lies directly to the west of it i and to the

West Rutland valley} is supposed to be'possibly the "Ophileta
beds" or Upper Calciferous, and the "Conglomerate" or Quebec
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group. "But this narrow valley is a very disturbed region,
and the limestone seems to be greatly compressed between the
quartzyte belt on the east and the slate belt on the west (sep-
arating it from West Eutland valley)." "The region was stud-
ied farther south in the valley as well as to the north, to ascer-
Ktiti what rocks occurred, and the conclusion was that nearly
all the formations found in other places here occur; that is, the
older on the east against the quartzyte (No. 1), and then the
others in succession, with the Tr date bound-
ing the limestone on the west, while the slate is No. 8 or the
Hudson River slate." No fossils were found in it

10. Historical Note.

The preceding notes have been taken chiefly from the letter from
Mr. Wing to me dated August 9, 1872. They show that his view,
that there are Hudson River slates in the Eolian limestone region,
antedates my own ; for my paper on the subject was not published
until 1873, and there had been no communication between us before
then on the subject, or on any subject. Moreover, my own views
as to the age of the Berkshire" rocks were l.ased i-hieny", as I stated,

On Mr. Wing's discoveries in Vermont. I cite the following from
a letter to me, of May 8, 1875, written soon after he had first seen
my paper on the subject—a letter never, however, received by me
until his papers were recently put into my hands. It shows that

-ions date as far back as 1866.

"When, in 1866, the Tr I and other Tren-

ton fossils were found first in Sudbury, underlying on the wesl

side the great central mass of slate running south from Wey-

i-:-.,

fossils were found first in Sudbury, underlying on the west

the great central mass of slate running south from W
ge through the State, embracing the " Talcoid schists

"

and Manchester Mountains, Mount Anthony in

ngton, and also Graylock in Massachusetts, I reached the

conclusion at once tha ;
-
Vermont

and Southwestern New England were neither of the Quebec
group, nor Taconic, but of the age of the Hudson River slate.

In the progress of my investigations, I assumed, and. I often

expressed in correspondence with M Ube 'Eolian

limestone' of the Vermont Geological Report embraced not

only the Trenton and Hudson River beds, but all the formations

of the Lower Silurian as well, and even limestones and dolomites

°f the Red Sand-rock series. I was wrong at first in assuming

that these same slates overlying the Trenton and Chazy lime-

stones along this central belt extended also west to the Hudson

Eiver and were all of the same age. For the Primordial fossils

recently collected at Bald Mountain, Washington Co., and east

of Troy, New York (both of which places l

modified my view as to the western extent of the Hudson River

slates. But they have not weakened my belief in their existence

m Southwestern Vermont and New England."



418 A. Wings Discoveries in Vermont Geology.

From the preceding account of Mr. Wing's discoveries it is evi-

dent that he performed well the task he laid down for himself
in 1865—the determination of the age of the Eolian limestone.
Knowing that fossils were the only sure criterion of geological
age, he searched, and he found them, and thus reached sure concla-
sions. For the western portion of the Eolian limestone and more

i the eastern (that of Otter Creek Vallev), the special -»<-

logical age was thus determined, and the several Lower Silurian

formation-; identified. He further made a right use of the facts,

when, in view of the Trenton and Chazy age of the fossils in linu-

stone along the borders of and within the " central slate-belt," and
the observation that the beds more remote are successively older-
he deduced that the slates were younger than the limestones
holding the Trenton fossils, and therefore, in all probabilitf, of
the Hudson River (or Cincinnati) group, and that they lay in a
synclinal wil r limestones beneath and
side.

The more' highly metamorphic condition of the li

ing the eastern border of the Eolian limestone prevented his giv-

ing to the geology of this part of the region the same positive

basis from fossils which he had obtained for the rest.

The Quartzyte also proved almost barren, yielding him only

Scolithi and Mtcoids, neither of which serve to fix positively the

age of the beds. His argument with respect to it from the well-

defined Calciferous fossils found adjoining quartzyte at three dif-

ferent localities on the west and north is however a strong one,

and seems to set the question at rest for those outcrops. The
Vermont Geological Report states that the eastern Quartzyte
range, near Rockville in Starksboro, has afforded a Lingula—the

specimen containing "scores of fossils but none verv dirtinct"-—
which Prof. James Hall " regards as a new species related to one
in the Medina sandstone," and as evidence •• Though unsatisfac-

tory" that the quartzyte is of the age of the Medina. From the

irtzyte range farther so: li I Lake Dun-
more, Prof. C. B. Adams, as it states, found a shell near a M»dh>-
&mmm ni form; also a tapering shell looking like an
let the determinations of all these fossils are admitted to be

doubtful, and the question of age is still an open one.
One of the most important points established bv Mr. Winn is

the conformability of the Lower - throughout
the region. From the Red Sand-rock, or Primordial, upward they
make one consecutive series, and all are involved. aOir. W im,'

tie system of synclinals and anticlinals. The ,

hydromica slates, and limestones, associated on the eastern border
of the region, and the great bands of limestone, hydromica slate

and clay slate (or roofing slate), with some quartzyte, making*the
I western portion, are of one system, and took, together,

their present positions. The great fault which made Snake
Mountain was simply one of the breaks and displacements at-

tending the mountain-making movement, as shown years since by
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Logan. The observations of Mr. Wing afford nothing to sustain
the view that there was an epoch of disturbance in the return at
the close of the Primordial or Cambrian period, hut, on the con-
trary, they prove that the rocks went on forming in n-gular sue-
cession nearly or quite to the close of the Lower Silurian ; and
that then followed. :i> Mr. Wing concludes, the epoch of upturn-
ing and metamorphism. The making of the Given .Mountains has
for many years been referred by some geologists to this epoch, on
the basis of the fossils in the limestones ot Vermont. These
fuller developments leave no doubt that this view is right, at least
so far as the Eolian limestone of Vermont and the associated
schists and quartzyte are concerned.

In another number of this Journal I will close this subject by
stating the bearing of the Vermont facts on the geology of Kerk-

Abt. XLIY.— On Barite crystals from the Last Chance Mine,
Morgan County, Missouri; and on Obthitefrom Adair County,

Missouri; by G. C. Beoadhead.

I. Baritefrom Morgan County, Missouri.

The rocks of the barite locality in Morgan County, Missouri,
are of the age of the Second Magnesian Limestone. A shaft has
been sunk in a spring through masses of tumbled rock display-
ing what seemed, in Missouri miners' parlance, to be a "circle

"

of about twenty feet diameter. This " circle " was found to

be filled with fractured masses of limestone, sandstone and
clay for forty feet in depth, or to the bottom of the shaft when
I netted it. These masses of rock were often found studded
over with beautiful crystals of barite. "Pbe galenite was also

often covered with such crystals. In some cases a thin coating

of transparent barite covered the rock to which the crystals

adhered, but they were often seen loosely adhering to the

naked rock.

The form of these crystals is different from any heretofore

found in Missouri. They are elongated into prismatic forms

(H) in the direction of the macn ire attached

to the rock by one of its extremities. The development of the

basal plane gives them a flattened appearance. The free ex-

tremity of the crystals is gradually sharpened off r

edge through the presence of very low macrodome. This is so

irregularly developed, however, as not to admit of tragi

measurements, but seems to have the symbol fi The central

portion of all the crystals toward the attached extr-

perfectly transparent. This clear portion has a rhombic form

corresponding to the fundamental (cleavage) prism, and is
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very sharply defined, the remainder of the crystals being of aa

opaque milky white.

There being a spring of water in the mine, the water may
be sometimes charged with an excess of mineral solutions.

The lead has probably been deposited from an aqueous solu-

tion and the barite from similar and more recent solutions.

The waters also seem to have subsequently held iron oxide in

solution as some of the crystals of barite are coated with it.

A crystal in my possession from the Cordray mines, but

probably from same mine as the above, possesses similar cb&fr

3. It is of rhombic form, about two inches long and a

half inch thick ; the edges are bevelled by the plains £-i which

gave on measurement the angle 77° 40'. It has a border a

half inch wide of white opaque barite, the outer angle sharp,

inner angle truncated, and the remainder is clear mineral,

which corresponds in shape to the cleavage prism ; the direction

of the cleavage is also indicated by cracks across the crystal.

The white portion of this crystal would seem to indicate

alteration, but that can hardly be the cause of the similar

appearance of the crystals from the Last Chance mine.

2. On the Gothitefrom Adair County, 3fissourl

The Coal measures, it is well known, often contain, within

the thicker shale beds, interstratified beds of clay ironstone,

sometimes in connected layers, at other times in concretionary

masses, occurring along a marked horizon. These concretions

are often reticulated by calcite veins, one system in concentric

lines, the other crossing them ; they are generally termed

In 1873, while examining the structure of the formations on

Chariton River, Adair County, Missouri, I broke open a num-

ber of the concretionary masses which were reticulated by

veins of calcite from a quarter to half an inch wide, occasionally

widening into small cavities one-eighth to one-half an inch

high, lined with calcite crystals reposing on the more compact

calcite of the vein. Upon and sometimes interpenetrating

these crystals are small slender acicular crystals of black

gothite, generally not more than an eighth of an inch, but

sometimes as much as three-fourths of an inch, in length. The

gothite is generally aggregated in bundles at the base of the

calcite from which they radiate. Sometimes a single crystal

will shoot directly through a calcite crystal. Sometimes also,

a single point of a quartz crystal will be seen penetrated in

various directions by the gothite. The calcite, often, has its

angles bevelled or rounded, and they were sometimes colored

red on the surface as was also a little of the gothite. Minute

velvety balls of gothite not larger than the one-thirty-second

of an inch were also found reposing on the calcite.
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Art. XLV.—Estimation of Chromium and Aluminium in Steel

and Iron ; by Andrew A. Blair.

Having had occasion, several years since, to examine a num-
ber of samples of so-called "Chrome-steel," for the percentage
of chromium, I began by search in-' for chis element in the resi-

due left after acting on the steel with dilute IK'!, as, in the case
of cast-iron, this plan is recommended.* Failing to find it here,
except in very small amounts, there seemed to remain two
methods of procedure : the first heimr to fuse the sample with
Na

2
C03 and KN03, either directlyf or after oxidizing % by

HN0
3 and evaporating to dryness; the second, to treat the

solution of the "steel containing the iron as a ferric salt, with
KHO, Na2C03 or Na2CO?

, and NaC3H3 2, in excess, and in

- or acetic acid solution oxidizing the Cr2 3 to
Cr0

3, by means of Br, CI, PbO a
or KMnO,. which combines with

i as a soluble alkaline chromate, while in the cold or
upon boiling, the iron is precipitated as hydrated sesquioxide
or basic acetate.§ While both of these general methods will

undoubtedly give good results, when large amounts of chromium
are present, so that small amounts of the original substance can
beoperated upon, tiny [.resent many objectionable features when
the percentage of chromium is small, and the amount of steel

or iron that must necessarily be used is correspondingly large,

jipal objections are, in the first method, loss by spirt-

lg fusion, and in both, the difficulty of washing the

linous precipitate of iron free from alkaline chromate.

A third general method, viz : separating the Cr2 3 from the

Fe2 3 by means of C4H6 6, NH4HO, and NH4HS, exactly

as in the separation of A12 8 and Fe2 3,
might be added, but

the difficulty of washing such a mass of ferrous sulphide seemed

quite impracticable, and the method was not even attempted.

By means of barium carbonate, Cr2 3 may be perfectly pre-

cipitated,
! a > the -reat mass of the iron,

which in a - lution of the steel would exist

as a ferrous salt. Following out this plan the result was the

following method.
Five grams of borings or drillings are weighed out into a flask

ing duri

[ineral Analysis

• -. Rendus, i

I Rose, fih'im Anal. Quant., p. 513. Fresenius, Quaot. Chem. Anal

Sci.-Tuikd Series, Vol. XIII. No. 7s.__J„e, 1ST".



HC1 diluted with three to four times its volume of water poured
in, and the flask closed with a rubber stopper, provided with a

valve, such as is used in dissolving iron wire in volumetric

analysis. Heat is applied as required, and, when all the steel

is dissolved, a solid stopper is quickly substituted for the one

with the valve, and the flask and contents cooled. When cold,

the solution is diluted with cold water until the flask is about

three-fourths full, and a slight t-weess of BaC03 added with con-

stant agitation. The BaC03 should be free from BaS04, as it

obscures the reaction, and too great an excess should be avoi-

ded.* The flask should be thoroughly shaken several times,

loosening the stopper occasionally to allow the C02 to escape,

and allowed to stand over night.
'

It is then filtered as rapidly

as possible, the flask rinsed out several times with cold water,

and the precipitate on the filter (consisting of all the Cr2Os,

the residue from the steel insoluble in dilute HC1, some Fe2Os

and the excess of BaC03) washed well with cold water. The
filter is then punched and the precipitate washed into a small

clean beaker, the portion adhering to the sides of the flask dis-

solved in HC1, which is poured on the filter and the filter

cleared from any Fe2 3 by HC1 and thorough washing with

hot water.f If sufficient HC1 has not been used in <]

flask and washing filter, enough is now added to di

the Fe2 3l Cr2 3, BaC03 in the beaker, the solution diluted,

boiled and the Fe2 3 and Cr2 3 precipitated by NH4HO, the

boiling being continued until all smell of NH4HO has disap-

peared. This precipitate is filtered and washed thorough!} mm
hot water to get rid of all BaCl2 ; dried and transferred to a pla-

tinum crucible, carefully separating the filter, which is ignited

and the ashes added to the precipitate (which should not be

heated). A mixture of three grams Na2C03 and one
KN03 is now added, and the whole fused carefully, the heat

being raised gradually until all the KN03 is decomposed. After

cooling, the fused mass is treated with hot water* and the solu-

ble portion containing the Cr as alkaline chromate, with the

excess of the alkalies, separated from the Fe^Og by filtration,

the precipitate and filter being thoi-ou«_dilv washed with hot

water. The filtrate is acidulated with HG1, and evaporated to

* It is almost impossible to buy BaCO , free from BaS0 4 , the very best brands

bom 5-30 p. c. of BaSOY I prepare my own by dissolving BaCl
?

in
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dryness with a little alcohol ; when thoroughly dry, the Cr2Os

is 'dissolved in HC1. diluted and filtered from' silica, the Cr2Os

precipitated by NH4HO, filtered with the usual precautions,

ignited and weighed as Cr2 3,* calculated to Cr by the factor

0-6853. Atomic weight of Cr 52-2.

The only impurity this precipitate can contain is a little

A12 3,
partly from the Al in the steel, and partly as an impurity

in the NaaCO, and KN08. The best method for separating

this impurity, is to add to the solution of alkaline chromate
obtained alx.'ve taller fusion and filtration from Fe2 3) an excess

of KC103. then a slight excess of HC1, and evaporate to syrupy

icy on the water bath, adding a little KC103 from time

to time, so that there may always be an excess to decompose
any HC1. Redissolve in water, add a slight excess of (NH4),

C03, and boil off all smell of the latter, filter, wash with hot

water, add to solution an excess of HC1 and, after the greater

part of the KC103 is decomposed, a little alcohol, and precipi-

tate the Cr2 3 as before, f In Genth's method (loc. cit.) of evap-

orating the • chromate nearly to dryness on

the water bath, with an excess of (NH4)N03 ,
a minute amount

of Cr03 is reduced to Cr2 3, and precipitated ;
it is consequently

filtered off with the A12 3, Si02, etc., and lost, unless this resi-

due should be treated separately to regain this Cr2 3,
which very

much complicates the process. If in the filtrate so obtained the

Cr0
3 is precipitated bv HgN03 as Hg20, Hg2Cr04,

some of the

chromium salt nearly al\va\> pu-sns int lun.«n upon filtering,

and can be detected, sometimes in very considerable amounts,

in the filtrate. The same thing occurs if this method of precipi-

tation is -
::dme chro-

mate (obtained by fusion with Na2C03 and KNOs,
an

from the Fe2 3) by HNOg. In all cases I have obtained the

most satisfactory results by reducing the CrOs to Cr2 3,
precipi-

tating by NH4HO, and weighing as Cr2 3.

This method for estimating chromium in steel may appear a

lite a number can be made at once ana 1
inrj

about three to four days is required for a complete estimation.

The accuracy is all that can be desired and the delicacy of the

method in detecting and otunatiu^ ynry >uu I am, :

than that of any method I have used. I think I can safely say

that it is delicate to O005 per cent of Cr
;

The amount of

Fe2 3 usually precipitated by the BaC03,
with the Cr2 3 is about

Fofte^hinalwork the method can be very much shortened

by fusing the precipitate by BaC03;
with Na^CG, and K^03 or

* For precautions necessary to free Cr,03 from alkaline salts, see Genth m

Chem. News, vi, 30. Fres. Cbem. AnaL Quant 387.
,. •_ Chem inal

t Dexter's method, see Rose, Chim. Anal. Quant, p. 520. *Yesemu., on .
.

Quant, p. 372. Pogg. Anal., lxxxix, 142.
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KC103 (when KC103 is used instead of KNOs the precipitate

must be thoroughly ground in and incorporated with the flux

before fusing) dissolving in water, filtering, and determining the

Cr03 volumetrically. The results obtained in this way are

fairly good, but are apt to be a little low.

Aluminium, nearly always exists as such in steel, and may be

estimated with great accuracy by proceeding exactly as in the

above method for the determination of chromium, until after

filtering and washing the precipitate by BaCOs, which is then

dissolved on the filter in dilute HC1 and the solution allowed

to run into a small clean beaker. This solution is diluted,

boiled, and the barium precipitated bv a sli.

H2S04 ; the BaS04 allowed to settle," filtered, washed, and the

filtrate evaporated nearly to dryness to get rid of the excess of

acid. This solution is then diluted, and the Fe2 3,
and A12 3

separated by C4H6 6 , FH4HO, and NH4HS. If the steel con-

tains any chromium it will be with the A12 3, and must be sepa-

rated by fusing the residue obtained by running to dryness the

filtrate from the FeS and igniting with Na2C03, and KNOs ;

dissolving in water and, without filtering, adding KC103
and

HC1, as before in the separation of A12 3, and Cr2 3. The A12 3

. precipitating by (NH4)2C03 will be contaminated

by small amounts of Si02 , and CaO (from the C4H6 ?
) from

which it can be separated by dissolving on the filter in HC1,

after washing free from alkaline chromate, into a small clean

beaker, running to dryness to render Si02 insoluble, dissolving

in HC1, tih- ring the A12 3 by NH 4HO, being

careful to boil off all smell of NH4HO. After filtering and

careful washing the precipitate can be dried, ignited, and

weighed as A12 3, calculating to aluminium by the factor

5331. Atomic weight, 274.
The great solubility of the Cr of chromium steel in the most

dilute HC1 certainly seems to indicate the existence of a true

alloy of iron and chromium, and that a large part at least of the

chromium exists as such, and not as an oxide or in any inter-

mingled slag. Mr. E. Riley,* at a meeting of the Chemical

Society, March 15, 1877, presented some specimens of chromium
pig-iron containing from six to seven per cent of Cr. He men-

tioned the fact, during his remarks, that the Cr had dissolved

with the Fe in the course of analysis. The president, Professor

Abel, F.R.S., said that he had examined a specimen of the so-

>imum steel, but had found a mere trace ofchromium
in it It was possible however, he said, that the chromium

Q the production of the steel, but was elim-

inated at some stage in the process, so that it did not appear in

the finished steel
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In this connection the following analyses may not prove un-
interesting, showing as they do that, in some cases at least, the
chromium does ''appear in the finished steel."

Sulphur, 0-005 per cent, trace trace
Phosphorus, ....'... 0-021 " 0-020 per cent. 0-005 per cent
Silicon,... 0-129 " 0-189 " 0-279 "
Total carbon*, 0*825 " 0-935 " 1-199 "
Comb, carbon, .0*811 " 0*920 " 1-186 "
Graphitic carbon, _. 0*014 " 0-015 " 0-013 "

Manganese, 0-245 " 0-062 " 0-039
Copper, 0-007 " 0*010 " 0*005 "
Nickel, trace 0-023 " 0*021 u

Cobalt,.!. ...0*016 " trace 0*018 •'

Aluminium, 0*034 " 0*029 u 0*026 "
* Chromium,. .0*651 " 0*223 " 0-916 "
Chromium, soluble,. 0-615 " 0-212 " 0-899 "
Chromium in residue, 0-021 " trace trace
Slag,... ... o-320 "

The determinations of Cr marked * were made by the first

method without the separation of Al, and consequently are a
little higher than the sum of the " chromium soluble in dilute
HC1," and " chromium in residue," which were determined in
the portion and by the method taken for estimation of Al.

The " slag" in the first analysis given above, was determined
by the "iodine" method and contained bv analysis Fe2Os

0*110 per cent, Cr2 3
0*160 percent, undetermined 0*50 per cent,

total 0*320 per cent.

Laboratory of U. S. Board appointed to test Iron, Steel etc. )

Watertown Arsenal, Mass, April 14, 1 877. f

Art. XLVI.

—

On // i THj^yKte, irom

Grafton, New Hampshire; by Samuel L. Penfield. Con-

Lvbomtoro <>l Y<i'l-. iolhye. No.

XLYII.

The rare mineral species, triphylite, is found at Grafton in a

granite vein which has been extensively worked for mica It

occurs imbedded in the granite in masses of varying size, and

occasionally of fifty or more pounds in weight The exterior

of the masses in some instances shows evidences of the decom-

position to which the mineral is peculiarly liable, but a large

portion of the material is fresh and unaltered. It has a light

blue color, a greasy to resinous luster and a perfect cleavage.

Specific gravity =3%52. Analvses of the finely i :

pure mineral, dried over sulphuric acid, show the following

composition

:
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MnO
CaO

The phosphoric acid was separated from the iron and man-
ganese by fusion with sodium carbonate, except a small amount
retained with the iron, which was separated afterward by
means of molybdic acid.

The alkalies were separated from the iron and phosphoric
acid by adding a small amount of ferric chloride to a nearly
neutral, oxidized solution of the mineral and precipitating the
iron and phosphoric acid together by means of barium carbon-
ate. Care was taken to use platinum vessels in conducting the

•ns. The torn I amount of water was expelled by
ignition and determined by absorption in a chloride of calcium
tube. Water amounting to 0'50 per cent was driven off at
100° C. These results show the Grafton mineral to be richer
in manganese and lithia than that from Bodenmais.
The relative number of atoms calculated from analysis 1 are

the following

:

The above gives the ratio of the phosphorus to the bases
= •622: -945 or 1:1-52, which shows the composition of the
mineral to be that of a normal phosphate. The ratio of the
atoms of the univalent elements to those of the bivalent is

•594: -648 = 1 : 1-09 which gives the formula lORjPC^+llRsPA-
Rammelsberg * deduces the formula 4RgP04 -f 5K3P2 8

from
the most trustworthy analysis of the Bodenmais mineral . but

suggests EgPC^-fR^-A as pos:sibly the true formula. The
* Mineralchemie, :1875, page 307.
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composition here obtained for the Grafton triphylite renders it

almost certain thai this is the correct formula of the mineral.

This work was conducted in the Sheffield Laboratory under the

supervision of Professor O. D. Allen, to whom I wish here to

express my thanks.

Art. XLVIL— On a new Mode ofManipulating Hydric Sulphide :

by Josiah P. Cooke, Jr., Erving Professor of Chemistry and

Mineralogy in Harvard College.*

In chemical laboratories, where instruction m q

analysis is given to large numbers on the class system, the use

of hydric sulphide gas as a reagent is attended with grave

inconveniences. These evils can in great measure be avoided

by substituting for the gas a solution of the reagent in water,

saturated at the ordinary temperature and pressure of the air
;

when, as is well known, one volume of water dissolves about

3-4 volumes of the gas (measured at 15° C. i

meters). Such a solution was for a long time used in the labora-

tory of Harvard College. It was prepared in a long series of two

liter bottles connected by glass tubes in the usual way, and the

solution was kept in the laboratory in a large tubulated glass

flask, from which it was drawn by the students, as occasion

required. This solution answers almost every p •

which the reagent is used in the ordinary course of qualitative

analysis, and the few conditions under which it does not give

voided to reover, in ease of

m and promptness of effect it has all the adva

a liquid reagent; and the only inconvem.

is an occasional evaporation of a solution, which the 1

1

the reagent may render necessary. Of course a solution oi

hydric sulphide "is liable to oxidation, and soon becoi

in contact with the air ; but this change <»

_ to the neck of the flask (in wmrl. th^Mitioniskept)

by means of a rubber stopper, a glass tube dipping

liquid, and connecting this tube with one of the vents oi illum-

inating gas in the laboratory.

For quantitative work, and for die p

products, when considerable quantities of metallic -

must be precipitated, a solution of hydric suiphid, a

under theordinary pressure of the air, is mconyen en

and two years since we described a simple
>

method by *hrch a

with the - laboratory appliances. A heavy gla
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of about four liters' capacity served as a generator, and from
this the gas passed through a wash -bottle into two other bottles
of the same size and strength as the first. The intermediate
bottle was three-fourths filled with water, while the last served
simply as a gasholder. The connections were so arranged that
the gas, after bubbling up through the water, was delivered at
the top of the gasholder

; and. by a tube uniting the bottom of
the gasholder with the water-pipes ol the laboratory, the interior
of the apparatus could be submitted to the pressure of a column
of water sixty feet high. The gasholder was also provided with
an exit tube, which could be closed by a compression cock.
The connecting tubes all passed through rubber stoppers which
were firmly wired to the necks of the bottles, and the water-
bottle was connected with its neighbors by two lengths of stout
rubber hose so that the water could be shaken up with the gas
without disturbing the rest of the apparatus. In order to satu-
rate the water with hydric sulphide, a charge of ferrous sulphide,
sulphuric acid and water sufficient to yield at least three times
the amount of gas theoretically required was placed in the
generator, and, after the connections were made, the gas was
allowed to steam through the apparatus until all the air was
displaced. The exit tube of the last bottle was then closed, the
water pressure turned on and the water-bottle frequently shaken,
until absorption ceased, and the aqueduct water—at first forced
by its pressure into the gasholder—was driven back into the
pipes. Before dismounting the apparatus, the rubber connec-
tors were all closed by compression cocks, and care was taken
to vent the generator gradually. Moreover, the connectors
of the water-bottle were so arranged that when the apparatus
was dismounted a short piece of rubber hose was left attached
to each orifice of the bottle, both of which were closed by com-
pression cocks. To one of these a vent tube was subsequently
attached, and by this the solution was drawn off at pleasure, as

from a soda-water siphon.
This simple apparatus was constantly used by us for two

years, and served an excellent purpose:" but it was found that
after the glass generators had been charged several times they
were liable to burst under the same pressure which at first they

v sustained. The same accident never happened to

the other bottles. But of course, if the pressure is Ions contin-
ued, bottles of glass of the size named, however well made.
would be liable to such an accident; and, if the apparatus is to
be remounted, it would be better to use a metallic vessel for
the generator, and to cover the glass bottles with some kind of
netting. The experience with the glass apparatus led us to seek
to adapt to the same purpose some one of the various soda-water
apparatuses which are greatly used in the United States for the
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production of effervescing drinks. After examining several of

the patterns in the market, we selected for trial the one repre-

sented below, which is manufactured by the firm of John
Matthews, of New York, at their establishment,—First Avenue,
26th and 27th Streets,—in that city. The apparatus was de-

signed by them for preparing that overcharged aqueous solution

of carbonic dioxide, which in the United States is Ea

called soda-water ; but with a very slight modification it can be
used with equal efficiency for the preparation of a similar solu-

tion of hydric sulphide. We have worked out the d

the process, which this new application involves, and publish

them with the hope that the apparatus may be found of as

great value in other laboratories as in our own. The wood-cuts

are taken from the catologue of the firm, who have kindly

loaned the blocks for this paper; and we would her

our obligations to them for their great courtesy and liberality

<1 uri ng tlie whole course of our experiments.
i ,

The apparatus consists of two parts, the ge:



430 J. P. Cooke—New Mod< »f Ma,,iv »h,tin<i Hydric Sulphide.

fountains ; and i

by j

we use three, connected in a line by similar lengths of rubber

hose, like so many Woolfs bottles. In the figure, only the

first of the line is represented, which is set on trunnions in a

frame, in order to facilitate tin' agitation of the water and the

gas. Only one of these frames, however, is required, to which

the other fountains can readily be transferred. A section of

the generator is represented in Fig. 2. It is made of oast iron.

and in two parts (readily distinguished in the figure), which are

firmly bolted together, so as to confine in its place the bell-

metal plate M, which separates the upper from the lower cham-

ber. In the lower chamber is placed dilute sulphuric acid,

which is poured in through the bung A. In the upper cham-

ber, and resting on the plate, is placed coarsely powdered

sulphide of iron, which is put in through the bung B. Through

the plate M, and on two lines at right angles to each other,

there are cut radial slits, half an inch wide, which are guarded

by four iron arms. These arms are attached to th<

shaft S, and move over the surface of the plate, alternately
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covering and uncovering the slits, when the handle E is turned.
To the lower end of the same shaft is fastened the agitator O,
which is turned simultaneously with the arms just mentioned
After the apparatus has been charged, it is evident that by
turning the handle the sulphide of iron may be sifted down at
pleasure into the acid water below ; and the handle and arms
are so disposed that when the bungs are uncovered by the han-
dles the slits are covered by the arms. From the generator,
the gas passes through the washer E, whose relations to the

s, us well as that of the pressure gauge, are evident
from the figure. The generator is lined with lead, and the rest

of the apparatus, including the bell-metal plate M, with pure tin.

The lead lining of the generator is seamless and very heavy,
and all the cocks are lined with block tin tubing. Of the vari-

ous valves, bungs, and stuffing boxes indicated in the figure, it

is unnecessary to speak in detail. It is sufficient to say that
they are of excellent workmanship, and during a year's trial

have kept perfectly tight. The charging bung, B, however, is

closed by a safety'cap of peculiar construction, which deserves

ention, because it insures the safety of the apparatus.

The cap is represented by Fig. 3, and a section is given i
"'

It will be seen by the last that the escape of the compressed gas

from the generator through the apertures d is only prevented l>v

a thin disk a, which is shown in detail by Fig. 5. This disk is

made of two thin plat. - : the lower one, which comes in contsurt

with the acid spray, is of lead, and the upper one of silvered

copper, whose thickness is so adjusted that it must be at once

ruptured if the pressure in the apparatus should become unduly

Although the so-called soda-water fountains—in which the

solution of the gas and water is made—have all in general the

same simp] they are constructed of very -af-

ferent materials and after very different methods. The outside

shell may be either of hammered copper or of some form of

iron, and this may be lined with tin, enamel, or glass

having determined by experiment that a solution of hydnc
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sulphide—especially when some carbonic dioxide is added

—

exerts no action on a surface of metallic tin, except a very

slight and superficial staining, we selected as best adapted to

our purpose the steel fountains, also manufactured by the firm

of John Matthews, Fig. 6. These are made of plates of steel

-

with comparative Witness very 'great strength. They are

lined on the inside with sheet tin, and the tin lining forms an

independent vessel, which alone is connected with the bungs.

The tubes and valve cocks are also either made or lined with

tin, so that the solution never comes in contact with any other

metal.' For making ordinary soda-water, the fountain requires

only a single valve, which connects with a tube leading to the

bottom of the vessel, and this serves both to charge the foun-

tain and to draw off the solution when made. But since a

solution of hydric sulphide is rendered turbid if left in contact

with even a small quantity of air, and since a variable amount

of free hydrogen is always formed by the action of sulphuric

acid on common sulphide of iron, it was necessary for our pur-

pose to add to the ordinary fountain a vent cock as shown m
the last figure. This enables us to connect together several

fountains after the manner of Woolfs bottles, as already de-

scribed, and, by passing the current of gas through the whole
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line, to drive out all the air originally in the apparatus, as well

as the free hydrogen subsequently evolved. Moreover, in the

preparation of the solution of hydric sulphide, the generator

should be much larger relatively to the fountains than in the

preparation of soda-water. Thus we use for charging the

so-called six-gallon steel fountains, the "Upright Generator,"

known as No. 40, which has a capacity below the diaphragm
of sixty liters. It should be here stated that the fountains an
only rated at two-thirds of their total capacity, which is the

volume of soda-water which is ordinarily made in them. They
should never be more than three-fourths filled with water.

But, even with this liberal allowance for gas room, the six-

gallon fountains referred to will hold twenty-five liters of

water. It may also be stated, although the fact must be evi-

dent, that a single large fountain will not give as good results

as several small ones of equal capacity ; since in expelling the

air and free hydrogen, as we have described, there would be a

considerable loss of material, if only one fountain were used.

Still, in laboratories where the consumption is not great, the

loss is not important ; and the smallest " Upright Generator,

with one six-gallon fountain, will be found to be a perfectly

satisfactory apparatus.

Assuming first that the larger apparatus is used, the method

of charging is as follows : The large generator is too heavy to

be readily moved, and should be placed so that the discharge

valve will empty directly into a drain. Water also should be

brought to the apparatus by hose,—if possible, both hot and

cold water—not only for convenience in charging, but also in

washing. Finally, there ought to be a good flue in the neigh-

borhood, into which the waste gas may be discharged, lne

apparatus having been thus established, the three fountains-

first rinsed out—are filled each with twenty-five liters ot dis-

tilled water, and the valves having been secured, the fountains

are connected with each other and the generator by means ot

stout rubber hose as already indicated, and the vent valve of

the last fountain is connected with the flue by a length of com-

mon gas hose. The generator is then charged as follows :
I tie

handle is first placed so as to uncover the bungs and cover the

slits in the diaphragm. Through the bung A is now poured

forty liters of hot water, heated to between v0° and 80 C, and

then five liters of common oil of vitriol are P ™.^

^

tiously into the same bung through a lead funnel with narrow

spout provided for the puW The/Cld ^^fS^W
heated nearly to the boiling point, and its capacity of^^
to pass through a wire sieve with eight meshes to the inch, and
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mixed with two kilograms of marble powder—is run through
a wide-mouth funnel into the bung B. The bungs having been

now all closed, the joints of the apparatus tested, the exit valve

D of the generator and all the valves of the fountains opened,

a small amount of the powder is sifted down into the acid

water by turning the handle not more than a single revolution,

always taking care to leave it so that the slits of the diaphragm
shall" be left covered. The gas is then allowed to stream

through the apparatus, and tested as it escapes into the flue,

until it burns without explosion, using a small pneumatic

trough for that purpose. The air is now nearly expelled, and

the escape of gas should be reduced by the last vent valve

until the current only supplies a small jet, which may now be

attached and lighted with safety, and by the size of this flame

the vent may afterwards be regulated. The handles are now
slowly turned, and the pressure in the apparatus carried up to

about 120 pounds. The valves of the fountains and the valve'

D of the generator are now all closed, and the two last foun-

tains detached, leaving the first (which is mounted on a frame

as represented in Fig. 1) united to the generator as before.

This is now rocked for several minutes to and fro, in order to

thoroughly agitate the water with the gas. The stop valve G
should then be opened, and then the valve D (very gr

so that the gas may be admitted slowly to the fountain. The

valves are then again closed, and the agitation renewed, and

the same operation is repeated several times until no more gas

is absorbed by the water in the fountain, the pressure in the

generator meanwhile being maintained at 120 pounds, by turn-

ing the handle. The first fountain is then removed, and the

same process repeated with each of the others. At the close

of the operation, after all chemical action has eeas

remains in the generator—both free and dissolved in the liquid

residue—a large volume of hydric sulphide gas. This we

economize by venting the generator slowly through Woolf s

bottles containing aqua ammonia, and thus preparing at the

same time ammonic sulphide. It is not unimportant to add

that the generator should be emptied before it cools, and the

ferrous sulphate has time to crystallize. The discbarge valve

R should then be removed, and the whole apparatus thor-

oughly washed out. If the valve becomes clogged, it can

generally be cleared by developing pressure in the

by means of a small charge of ground marble. Otherwise,

after the pressure has been relieved, and the upper valves and

bungs closed, the discharge valve must be cautiously removed,

and an opening forced through the lower bung. So
are necessary in order that others may profit by our experi-

ence ; but, lest the details should convey the impression thai
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the apparatus is complicated, and that the process requires

abor, it may be stated that in this laboratory the appa-

ratus is entirely in charge of a laboratory servant, and may be

managed by any workman of ordinary intelligence. It does
not require more than four hours to work over a single charge,

and this yields seventy-five liters of hydric sulphide solution

under a pressure of 120 pounds. According to our experience,

this supply lasts with a class of our hundred students in quali-

tative analysis about a month. For laboratories where the

classes are much smaller than this, we should recommend the

smallest size generator, which may be used with a single six-

gallon fountain. The smaller apparatus is managed in pre-

cisely the same way as the larger, only taking one half the

quantity of materials. It is important as before to wash out

in the first place all the air. and to maintain a small current of

gas through the vent valve of the fountain while the pressure

•hi the apparatus is rising. This of course eDtails some loss of

livdrie sulphide ; but the chief loss is caused by the venting of

the generator, and all this gas may be utilized for the prepara-

tion of alkaline sulphides as described above, or this waste gas

may be used for washing out the air from a second fountain,

and thus preparing it for a subsequent charge.

For dispensing the reagent in our quulitutw: laboratory, we

place the fountain in a cupboard and connect it by a block-tin

tube with a so-called " draught column,"
Fig. 7, in the ventilating hood above.

From this each student draws the reagent

as it is required. In quantitative work
we may draw the eh
from the fountain into the midst of the

solution to be treated, using simply a com-
mon rubber hose terminated by a glass

tube which dips under the surface of the

liquid : the hose is attached to the nipple

of a cap which screws on to the valve of

the fountain, and by confining two or

more disks of linen cloth between the cap

and the head of the valve (like washers)

we can filter the solution as it flows out.

It is more convenient, however, to distrib-

ute the reagent to advanced students in

the well-known soda-water siphon, Fig. 8.

These require no description, but as the

simple apparatus used for filling the siphon

familiar object

,. u rs. from trhe catalogue of John
laboratories, we give a figure of the apparatus (Fig.^ 9), take
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pressing the foot on a pedal shown at the base of the apparatus

the siphon—confined in a cage—is raised, so that its mouth i

forced tightly against one opening of a valve of peculiar cor
1

by a block-ti

tube to a fountain ; while at the same time the handle of the

siphon is pressed back. On now pushing the upper lever

shown in the cut to the right, the valve of the fountain having

been previously opened, a connection is made between the

fountain and the siphon ; when the charged water rushes into

the latter, condensing the air to a fraction of its original

volume. If next the same lever is pushed momentarily to the

left, the first connection is closed ; while a vent is opened,

through which the condensed air rushes out into the atmo-

sphere before the gas in solution has time to escape, and then

on pushing back the handle a further portion of liquid enters,

nearly filling the interior of the bottle. Lastly, on raising the

foot, the valve of the siphon shuts at the same time that the
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bottle is lowered and released from its cage,—the whole pro-
cess being the work of a few seconds. At the first filling, there
sometimes remains a small amount of air in the siphon, so that
the solution becomes slightly turbid on standing ; but this
effect of oxidation can be easily avoided by using a sufficient
amount of marble powder in charging the generator. This
siphon unquestionably affords the most convenient mode of
OSing hydric sulphide; and for a private laboratory a single
siphon, well charged, will afford as ample a supply as will
ordinarily be needed. It is greatly to be hoped that our
manufacturing chemists may soon find an advantage in sup-
plying this important reagent in such an elegant form*
When the water is charged as directed above, it of course

holds in solution, besides hydric sulphide, a considerable vol-
ume of carbonic dioxide ; and if, under any circumstances, the
presence of this last gas would

|

- effect, the
marble powder can be simply omitted in charging the gener-
ator. In almost all cases, however, the carbonic dioxide exerts
a very beneficial influence, and in several ways. In the first

place, it insures the non-action of the hydric sulphide on the
metallic surfaces of the apparatus. In the second place, it pro-
tects the solution from the action of the air when it is drawn
into an open vessel, so that after a metallic sulphide has been
precipitated by an excess of the reagent, the products may be
digested in an open flask or beaker without fear of oxidation.

In the third place, the carbonic dioxide adds greatly to the

tension of the confined gas, and enables us
#
to develop sufficient

pressure to charge the siphon without unnecessarily increasing

the strength of the solution of hydric sulphide.

Chemical Laboratory of Harvard College, 1876.

Art. XLVIII.

—

Report on the Physical Investigations carried on

by P. Herbert Carpenter, B.A., in ILM.S. - Vahn
her Return Voyage /. ,i />-• A '»'''

1
'/"*(, 1875; by

William B. Carpenter, C.B., M.D, F.B.S.f

In the first of the Serial Soundings taken by the "Valorous,"

nearly in the middle of Davis Strait and on the \-

. the bottom-temperature, at a depth of 410 fathoms,

was 34-6° Fahr. ; and the descent to this from a surface-

temperature of 40° was nearly uniform—39°, 38°, 37°, 36° and

' All the apparatus here described may be obtained from the firm of John

t Proc. Roy. Soc, vol. xiv, No. 113, p

Am. Joub. Sci.—Third Sbbies, Vol. 3



438 P. H. Carpenter's Physical Investigations on the "Valorous."

35° being met with at almost equal intervals. There was here,
therefore, no indication of any contrary movement of different
strata of water, or of any special superheating of the superficial
stratum. But the case was very different with the next
much deeper sounding which was taken about a degree further
south, but still toward the middle of Davis Strait : for there
was here a surface-stratum of 45°, but of such extremely small
thickness, that the isotherm of 40° was reached in about fifteen

fathoms
; from 40° to 38° the interval was nearly the same as

in the previous sounding ; but below 38° the descent was so
slow that 37° was not reached until .nearly 800 fathoms, and on
the bottom at 1100 fathoms the temperature was stall -»>h .

At the next station, latitude 62° 6' N., longitude 55° 56' W.,
(that is, another degree further south, and at about the same
distance from the Greenland coast), a depth of LS50 fat i as
was met with ; the surface-temperature was still 45°

; but the
bottom-temperature was found to be 34-6*°, as in the 410
fathoms sounding. The next temperature-sounding was taken
nearly three degrees further south and five and one-half deirrees

to the west, namely, in latitude 59° 10' N., longitude 50 25
W. ; that is, a little to the south of Cape Farewell, but still six
degrees to the west of it : here the surface-temperature was
still 45°; but the bottom -temperature at 1,750 fan
sunk to 33 4°. Finally, a set of serial soundings was taken
before rounding Cape Farewell, about a degree further south
and four degrees east : the surface-temperature had then risen

to 49°
;
but the isotherm of 40° was reached at about fifty

fathoms, that of 39° at about ninety fathoms, and that of 38°

at about 160 fathoms ; while below this the descent of the
thermometers was extremely slow down to the isotherm of 37°,

which lay at about 1050 fathoms—becoming more rapid, how-
ever, beneath this, so that 36° was reached at about 1400
fathoms, 35° at about 1500, and 34*3° on the bottom at 1660
fathoms.

Now these phenomena seem to me to point very distinctly
to the existence (1) of a superheated layer, which is slowly
moving up Davis Strait, and la excess of
temperature as it proceeds north, as shown by the gradual
approach of the isotherms to the surface

; (2) of a neutral inter-

mediate layer, 1,000 fathoms or more in thickness, marked out
by the extreme uniformity of its temperature, which indicates

-n ; and (3) of a deep cold layer, which as
clearly derives its low temperature from a northern source, as
the uppermost stratum does from a southern, and which must,

The temperatures at Station VI seem at first sight rather
anomalous when compared with those of Stations VII-X—the
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isotherm of 37° here coming up within 200 fathoms of the sur-
face, while at only a degree farther south it lies at nearly 800
fathoms; and a bottom-temperature of 34-6^ being found at
410 fathoms at Station VI, while at Station VIII it is only
reached at 1,350 fathoms. But the anomaly disappears u hen

lly increasing depth and the tendency of the coldest
water to gravitate to the bottom are taken into account : for it

appears, from the temperature-soundings taken further north
toward Disco Island by. the Swedish ship u Ingegera." that
water as cold as this, and even much colder (31° being recorded
in one instance), is there found at depths varying between fifty-

eight and 185 fathoms ; and it can scarcely be doubted that
the water which is chilled by the more severe cold of Baffin's
Bay is here flowing down the slope of Davis Strait. Again, it

is at first sight an anomaly to find at Station VIII a bottom-
temperature of 34-6° at 1,350 fathoms, while the bottom-tem-
peratures both to the north and to the south of it are 346°

;

but this only shows that the coldest polar water is flowing
south through some deeper channel, perhaps in the western
half of Davis Strait* And the same explanation applies to
the yet more remarkable fact that a bottom-temperature of
33 -4

=
was met with near the mouth of Davis Strait, when no

such water was met with further north. But that even this

does not carry down the coldest water of the Arctic basin, is

obvious from the fact brought to light by the " Porcupine "

temperature-soundings in the "Lightning Channel," (between
the north of Scotland and the Faroe Islands), over a large part

of whose bottom we found the temperature to range two
degrees, or even more, below 32°.

The next temperature-* mndii _\ t. \<o\\ on the 17th of Au-
gust almost exactly in the meridian of Cape Farewell, and not

quite two degrees to the south of it, gave, like No. IX, a

bottom-temperature of 334° at 1,860 fathoms
;

so that it

seemed pretty clear that this is the temperature of the coldest

vater t
1

at can find its way into the North Atlantic along either

the .vest or the east coast of Greenland. And from the depth

at which the isotherm* 35° was found to lie in the 1660 fathoms

serial sounding, it is obvious that the stratum between 35° and
33-4° must be here a very thin one ;

while the upward slope

any wate^movh-

.

rT the equator will have a westerly ten-

dency in virtue of its deficiency of easterly momentum ;
just as water moving from

;

.-
_

.

; \

'

•

- .-.:. -

."..-
-

not encountered in any of the earlier temperature-soundings taken m the South
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which is indicated by the next sounding, shows that it must
rapidly die out toward the east.

The course of the " Valorous " having then been kept at first

nearly due east, and afterward southeast, another serial tem-
perature-sounding was taken on the 19th of August, in

56° 11' N., and longitude 37° 41' W. The surface-temperature
had here risen to 53°,—about the same as we had encountered
in the "Lightning Channel," at the same time of the year,

rather farther to the north
; but the warm upper stratum was

here thinner, a reduction to 45° taking place within fifty

fathoms, and to 40° within 300 ; whereas in latitude 59° 35' N.,

longitude 9° 11' W., we had found the isotherm of 45° lying

below 500 fathoms, while the bottom at 767 fathoms was still

41 4°. It is obvious moreover, from the regularity of the de-

scent of the isotherm of 40° in this part of the North Atlantic,

that easting has more influence on the rate of that descent than

thus confirming the view formerly expressed as to

the tendency of the warm upper flow toward the eastern side

of the basin.* The isotherms of 39° and 38° slope downward
toward the east at about the same rate ; but thoae of 37° and
36° still nearly keep their parallelism to the surface, confirming
the previous suggestion of the "neutrality" of the deep stratum
which they underlie.

Between the last station and the next, taken in latitude 56°

1' N., and longitude 34° 42' W., in the line of the channel be-

tween Iceland and Greenland, but considerably to the south of

it, the sea-bed was found to have shallowed most remarkably,
bottom being struck at 690 fathoms, and the bottom-tempera-
ture rising again to 382°. This elevation may be regarded
with great probability as a continuation of that which was
encountered by Sir L. McClintock in the line of temperature-
soundings which he took several years ago across the North
Atlantic between Eockall and Cape Farewell ; for almost
exactly in a line between the " Valorous " Station 13 and Ice-

land, Sir L. McClintock met with bottom at 743 fathoms,
between 1,260 fathoms on the east and 1,159 fathoms on the

The course being now again kept nearly due east, another
temperature-sounding was obtained in latitude 55° 58' N,
longitude 31° 41' W., which, on a bottom of 1,230 fathoms,
gave a bottom-temperature of 36-8°, the surface-temperature
being 54-5°. Three degrees farther east, and on the same
parallel, another set of serial temperatures was taken, which
indicated a further increase in the upper warm stratum, the
isotherm of 40° descending to about 380 fathoms; but the

r Scientific Researches, 1872, §§ 144, 148, (Proc. Roy. Soc., xx, PP-
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depths of the isotherms of 39°, 38° and 37° show little change

;

and the bottom at 1,485 fathoms was 36*5°, as at the corre-
sponding depth on the other side of the ridge. Still farther- to
the east, in latitude 55° 10' N., longitude 25° 58' W., the depth
was found to have still further increased to 1,785 fathoms; but
the bottom showed no lower a temperature than 36-7°, although
in the 1,750 fathoms sounding on the other side of the ridge
the thermometer fell to mofe than three degrees lower.

Bad weather having come on, it was not considered prudent,
in the disabled condition of the ship, to attempt further scien-

tific explorations ; and the course was accordingly shaped for

The Temperature-Section prepared from the serial soundings
taken in the "Valorous " after quitting; Davis Strait has been
continued toward Valentia on the basis of the serial soundings
taken off the coast of Ireland in the first cruise of the " Porcu-
pine " in 1867, a sounding in 1,263 fathoms, latitude 56° 8' N.,

longitude 13° 34' W., being taken as the principal guide. This
being almost on the same parallel with the last serial sounding
of the "Valorous," (the difference of latitude being only half a

degree), and the seasonal difference being rather in favor of the
" Valorous " temperatures, it is extremely striking to find in

this section the most remarkable contrast yet brought out

between the thermal condition of the eastern and the western

sides of the North Atlantic: for the descent of all the isotherms

as they pass from west to east, which has been already pointed

out in the "Valorous" portion of the section, continues at an

even more rapid rate ; so that the isotherm of 40°, which lay

XVI at 380 fathoms, lies at 900 fathoms at Station

XVII, fifteen degrees to the west ; while the isotherm of 45°,

which at the first of these stations lay at eighty fathoms from

the surface, lay in the second at 640 fathoms. This difference

in the thickness of the whole stratum above the isotherm of

40° is much more remarkable than the difference of surface-

temperature, the increase of which between the first and the

second station was only from 55° to 596°.

It is clear, therefore, that the heating power of the warm

flow which comes up from the southwest toward the western

shores of the British Isles, and which proceeds onward to the

northeast, so as to ameliorate the climate of the Orkneys and

Shetland Islands, but still more markedly to affect that of the

coast of Norway (as has been shown by Professor Mohn),

depends upon its great depth. Any such superhe-^

the Gulf-stream has been found to be when last recognizable

as a current (as was long since urged by Mr. Findlay, and has

since been confirmed by Capt. Chimmo's observations), must

lose its excess of warmth long before it reaches our shores.
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Hence, as I have urged on a former occasion, the prolonged
heating power of the northeast flow depends much more upon
the thickness of its moderately warm stratum than upon its

bringing with it a high surface-temperature. A layer of fifty

fathoms at 60°, flowing northeast over a bed of ocean-water at
40°, and exposed above to an atmosphere of 40°, would be
cooled down to that standard in two or three weeks. But a
layer of 900 fathoms thickness, ranging from 40° to 55°, would
retain an excess of temperature far longer.
The advocates of the doctrine that the vis a tergo is the Gulf-

stream, which cannot be traced as a current by anv difi

feature further to the northeast than the parallel oi 40° and the
meridian of 30°, have to show in what way it can raise the tem-
perature of so thick a stratum of ocean-water as we have seen
to be affected in the western portion of the North Atlantic by
a warm flow of some kind. Whether, as Professor Wvville
Thomson maintains, the approximation of its boundaries be-

tween the British Islands on one side and Labrador and Green-
land on the other can possibly produce this result, is

vhich it is for hydrographers to decide. For myself, I
cannot regard it as probable that a spent stream of iii

%

thickness can give motion to a vast layer of 900 fathoms depth
stream of 11 ft

.,
of 900 fathoms ' "

On the other hand, the doctrine I advocate, that i

upper stratum of the North Atlantic is slowly moving pole-

ward, to fill up the void left by the gravitation-underflow of

the coldest water toward the equator, and that this stratum
will also have an easterly tendency in virtue of the excess of

easterly momentum which it brings with it from a lower lati-

tude, seems adequately to account for the facts now brought
to light. The progressive closing in of the boundaries of this

poleward upper flow will obviously tend to deepen it. so as to

give it a more persistent heating power.* In the South At-
; Southern Indian Oceans, on the other hand, the pro-

gressive opening-out of the ocean-boundaries, as we pass south-
•. the equator, will tend in the same'measure to reduce'

the thickness of the poleward upper flow, thus diminishing the
persistence of its heating power. And in this, as it seems to

me, we have the true explanation of the marked di

between the climate of Kerguelen's Land (latitude 50° S.), for

*™s
P !*tion m&J 8eem inconsistent with the objection just taken t.



P. H. Carpenters Physical Investigations on the "Valorous." 4-to

example, or that of Heard Island (latitude 53° S.), and that of
Ireland, (lying between the parallels of ol£° and 54|° N. lati-

tude), the summer temperature of the former being but little

above the winter temperature of the latter.

The " Challenger " temperature-sections have most conclu-
sively shown that the entire warm upper stratum in the South
Atlantic is very much thinner than that of the North Atlantic

;

and while I fully admit that a part of this difference is due to

the fact that a far larger portion of the equatorial current is

deflected into the latter than into the former, I cannot see that

the Gulf-stream by any means accounts for the descent of the

isotherm of 40° in latitude 56° N. to a depth of 900 fathoms.

The " Valorous " temperature-soundings seem to me to be of

peculiar interest and value, in fi story expla-

nation of the comparatively high bottom-temperature of the

North Atlantic. I have always attributed this to the compara-

tive narrowness of the channels of communication between the

Arctic and the North Atlantic basins, which restrict the flow

of the coldest polar water from the former into the latter : and
long before the " Challenger " Expedition sailed, I had ven-

tured the prediction that the South Atlantic, on account of the

perfect freedom of its communis I
etic, would

have a colder bottom, and that the influence of the Antarctic

underflow would probably extend to the north of the equator.

By Sir Wyville Thomson, on the other hand, it was argued

from the commencement that the whole cooling of the deep

stratum of the North Atlantic is due to the A
and this conviction he repeats in his last utterance on the sub-

ject, on the ground of the continuity of the isotherms from the

South into the North Atlantic * The question arises, however,

why the deep stratum of the North Pacific, which is undoubt-

edly fed from the Antarctic, should be so decidedly colder, as

the "Challenger" and " Tuscarora " soundings show it to be,

than the deep stratum of the North Atlantic ;
and this ques-

tion appears to me to find an entirely satisfactory answer in

shed by the Second Section, that the Arctic

Basin is for the most part separated from that of the North At-

lantic by an intervening ridge, which (like many siini:

discovered by the " Challenger ") allows water of about 36 ,

but not colder water, to pass from the. former into the latter.

;

Bay and the " Lightning Channel " would help to reduce the

deep temperature of the North Atlantic generally to the

35°-36° shown in the "Challenger" Sections; but it is only

when, on approaching the equator, a bottom-temperature below

% that I can recognize the influence of the

Antarctic underflow.

* Proceedings of the Royal Society, voL xxiv, P-
632.
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I forbear, however, to discuss this subject more fully at

present, the Admiralty not having yet published the final

fit of the ''Challenger" temperature-sections. And I

niie myself to an expression of my earnest hope that

the ship to be sent next year to communicate with the Arctic

Expedition may have, as part of its work, the completion of'

that which the "Valorous" was disabled from performing

—

namely, the obtaining a continuous temperature-section between

Iceland and G r I >avis Strait.

Art. XLIX.— On the Influence of Geological Changes on the

Earth's Axis of Rotation ;* by George H. Darwin, M.A.,

Fellow of Trinity College, Cambridge. Eeceived by the

Koyal Society October 13, 1876. f

The subject of the fixity or mobility of the earth's axis of

rotation in that body, and the possibility of variations in the

obliquity of the ecliptic, has of late been attracting much
attention ; but the author believes that it has not hitherto been

treated at much length. The paper, of which the following is

an abstract, is an attempt to investigate the results of the sup-

position that the earth is slowly changing its shape, with

especial reference to the effects on "the obliquity of th

and on the geographical position of the earth's axis of figure.

1. This part of the paper is devoted to the consideration of

the precession and nuts >id of revolution which

is slowly and uniformly changing its shape. The change is

supposed to proceed from causes internal to the earth, and only

to continue so long as the total changes in the principal

moments of inertia C and A remain small compared to their

difference, C—A.
The problem is treated by means of M. Liouville's extension

of Euler's equations of motion of a rigid body about a pointf

By an approximate method these equations may be treated as

linear, and the solution divided into two parts.

Let 6 be the obliquity of the ecliptic ; n cosec the preces-

sion of the equinoxes ; —n the angular velocity of rotation of

iii, 1858, p. 1 ; Routh's Rigid Dynam, p. 1
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the ellipsoid; A+at, A+bt, C+ct the principal moments of
inertia at the time t. Then it is shown that the secular effect

on tbe obliquity of the ecliptic, as resulting from the motion of
the principal axes in the body (which constitutes the first part
of the solution), is given by the equation

and as resulting from the change in the impressed forces, due
to the change of shape of the body (which constitutes the second
part), is given by

dd n.a+ft-2c

dt
'

2n C-A '

The former part may be neglected compared with the latter.

But from such geological changes as we are entitled to assume
in the case of the earth, the total change in the obliquity of the

ecliptic must be exceedingly small. Even gigantic polar ice-

caps during the Glacial period could not have altered the posi-

tion of the arctic circle by so much as three inches ; and this is

the most favorable redistribution of matter on the earth's sur-

face for producing that effect. Thus the obliquity of the

ecliptic has remained sensibly constant throughout geological

It ia also shown that, during any gradual deformation of the

. the instantaneous axis of rotation will always remain

sensibly coincident with the principal axis of figure.

In the course of the work by which the previous results are

attained there is shown to be a small inequality in the motion

of the instantaneous axis, in consequence of which that axis

describes a circle with uniform velocitv, and is coincident with

the axis of figure every 306th day (in the earth). This circle

touches the - of figure is traveling

in consequence of the deformation of the earth's shape. The

diameter of the circle is shown in a particular case (not unfavor-

able to produce a large effect) to be less than t\/'. But

although t > to be so small, it is of interest

some length. It is shown that, if the earth

be not quite rigid, this inequality might have the effect of

modifying the path of the axis of figure in the body, m con-

sequence of readjustments to a figure of equilibrium.

Various hypotheses as to the power of adjustment are con-

sidered, and the paths of the instantaneous and principal axes

in the precession of a viscous spheroid undergoing deformation

are found.
,

., , ...
It is maintained that although the earth may be sensibly rigid

to the tidally deforming forces exercised by the sun and moon,
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it would not be so to considerable departures from the figure

of equilibrium, such as would arise from a wandering of the

pole of figure from its initial position; and that readj

to an approximate form of equilibrium probably take place, at

considerable intervals of time, impulsively by means of earth-

quakes. Such periodical adjustments would not sensibly

modify the geographical path of the principal axis as due to

terrestrial deformation. But it is held that during the con-

solidation of the earth there must have been great iiu-t

the geographical position of the poles. Throughout the rest of

the inquiry, however, the hypothesis of the earth's sensible

rigidity, together with the possibility of more or less rare

impulsive readjustments to the figure of equilibrium, is adhered

to. In consequence of these results dynamical considerations .

may be dismissed, and it only remains to consider the kinemati-

cal question of the change in the earth's principal axes due to

any deformation of its shape.

2. Formulae for this end are here found, and are adapted for

numerical calculation. It is assumed, in the first place, that

the deformation is such that there is no change in the strata of

equal density ; and accordingly all suppositions as to the

nature of the internal changes accompanying geological up-

heaval and subsidence are set aside.

3. The forms of continent and depression are next inv«8*3r

gated, which, for the transport of a given quantity of matter

from one part of the earth's surface to another, would cause the

maximum deflection of the principal axis of greatest moment-
subject, however, to the condition that the layer excavated or

piled up shall nowhere exceed a given small fraction of the

earth's radius.

It is shown that the continents and depressions must be of uni-

form height and depth ; there must be two of each, all -

one another; that each has one of its own kind diam
opposite to it ; that they are in shape sphero-conics, formed by

the intersection of a certain elliptic cone with the sphere;

that the centers of the four sphero-conics are all on the same

complete meridian and all in latitude 45°. A table of numeri-

cal results depending on the values of certain elliptic functions

is given.

4. In this part an endeavor is made to collect evidence as to

the extent to which the earth may have undergone deformation

from geological changes. The object is to discover what are

the largest areas over which there has been a consentaneous rise

or fall, and what is th imoant of that rise or

fall ; also to determine how the erosion of the land and the sea

• affect the local excesses or deficiencies of matter on the earth's

surface. The areas and amounts of elevation and subsidence
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which on a sealess and rainless globe are equivalent, as far as
producing excesses or deficiencies of surface matter, to those
which obtain on the earth are referred to as " effective ;" and it

is only the effective elevation or subsidence which we require
to know in order to determine the shift of the earth's axis.
The evidence as to area is very meager, because precise

boundaries to regions of elevation and subsidence cannot be
wigiied; but, faute de mieux, the author's father, Mr. Charles
Darwin, marked out for him on a map an area in the Pacific
Ocean which (on account of the structure of the coral islands)
he believes to have undergone subsidence within a recent
geological period. From a consideration of this and of other
points the author believes that from T

'

s to j', of the whole
earth's surface may, from time to time, have undergone eleva-
tion and subsidence. The greatest vertical effective amount of
rise or fall cannot be determined from geological evidence,
because of the effects of erosion and of the influx of the sea into
parts below the mean level of the earth.

The only way of determining the point seems to be to find

what is the difference of mass, standing on unit area of the
earth's surface, in an ocean of, say, 15,000 feet deep, and in

land of, say, 1100 feet high. From this difference of mass the
effective elevation of an ocean-bed in its conversion into land
ean be at once determined. Taking the above numbers, it is

found to be 10,436 feet; and in the examples given in the

following part, the deflection of the polar axis, for an assumed
effective elevation of 10,000 feet, is given in each case.

It is then pointed out that, if the deformation of the earth

were of very wide extent, the level surface of the sea would
approximately follow the rocky surface, and that thus there

might be sufficient change in the earth's shape to sensibly affect

the position of the principal axis, without there being any

geological signs of elevation or subsidence.

5. Numerical application is now made of the preceding work
to the case of the earth, and, as befctf stated, all the results are

given for 10,000 feet of effective elevation.

The first application is to continents and seas of maximum
effect, and a table of results is given. "It may be here stated

that if ¥| ¥ of the earth's surface is elevated, the deflection of

the pole is 11^'; if ^, 1° 46£' ; if T'o>
3° 17'; and if 1, 8° 4i'.*

In each case ipposed to fall simultaneously.

Other examples are then given for continents and seas which

do not satisfy the maximum condition ; in some the.boundaries

are abrupt cliffs, in others shelving. .

The conei •. that a single large geological
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produce an alteration in the position of the pole of from one to

change, such as those which obtain on the earth, is competent to

three degrees of latitude, on the hypothesis that there is no

change in the law of internal density.

6. Yarious hypotheses as to the nature of the internal changes

accompanying the deformation of the earth are discussed.

First, it is shown that if upheaval and subsidence are due to

a shrinking of the earth as a whole, but to the shrinking being

quicker than the mean in some regions and slower in others,

the results are the same as those previously attained.

Second, the increase of surface matter due to the deposit of

marine strata also gives the same results.

Third, the hypothesis that upheaval and subsidence are due

to the intumescence or contraction immediately under the

regions in question is considered. Under certain special as-

sumptions, too long to recapitulate, it is shown that the previ-

ous results must be largely reduced. A table of the values of

the reducing factor for various thicknesses of the intumescent

strata is given ; from which it appears that if the stratum is

tolerably thin and at all near the surface, the deflection of the

pole is reduced to quite an insignificant amount. Even if the

ds right down to the center of the earth in a

cone bounded by the elevated region, the results would be only

about § of the former ones. Hence it appears that tfa

results can only be stated as a superior limit to what is

7. In conclusion it is pointed out that if the earth be quite

rigid, no redistribution of matter in new continents could ever

cause the deviation of the pole from its primitive position to

exceed the limit of about 3°. But if the previously kw

view is correct, that the earth r< aeally to a

new form of equilibrium, then there is possibility of a cumula-

tive effect; and the pole may have wandered some 10° or 15°

from its primitive position, or have made a smaller excursion

and returned to near its old place. No such cum
possible, however, with respect to the obliquity of the ecliptic.

It is suggested that possibly the glacial period may not have

been really one of great cold, but that Europe and North

America may have been then in a much higher latitude, and

that on the pole retreating they were brongl
warmth. There seem to be, however, certain geological objec-
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Art. L.

—

On a Base derivedfrom a Waste-product in the Aniline

Manufacture; by C. Loring Jackson.

In the spring of 1875 under the direction of Prof. A. W.
Hofmann I investigated a waste-product from the factory of

Drs. Martius and Mendelssohn-Bartholdy at Eummelsburg near

Berlin, which was obtained after the toluidine had passed over

in the annual rectification of the highest fractions from the

n. The results I then obtained were pub-

lished in the Berichte der Deutschen Chemischen Gesellschaft

for 1875, page 968, and may be briefly restated as follows by
way of introduction to my subsequent work.

The substance, a black oily liquid, was dissolved in strong

hydrochloric acid, and freed from tar by repeated filtration
;

the oily base set free by sodic hydrate was" then fractioned, and

yielded at first xylidine and allied bodies which were not

further examined; later a fraction from 280° to 320° which,

after removal of naphtylamine with dilute sulphuric acid, was

converted into a nitrate and purified by crystallization
;

it then

formed radiated groups of white needles which gave on

Calculated for C
, 3H , 4NN0 3 . Observed.

Carbon... 63-41 63-38

Hydrogen 5-69 5'66

By heating with nitric acid a magenta-colored substance.was

formed which rendered it very difficult to obtain the salt white.

The sulphate was very soluble.

The chloride C, ,H,
4
NC1 crystallized in white flat needles.

The platinum salt (C, 3H, 4
N) 3

PtCl 6
crystallized in very

characteristic fan-like groups of sparingly soluble light yellow

needles often more than half a centimeter long. The analysis

gave
Calculated. Found.

Platinum 25-36 25 -39

Carbon 40-08 38\i8

Hydrogen 3-59 3-82

The free base C, 3
H, 3

N was obtained as an oil which gave

reform and potassic hydrate a smell similar to that of

the isocyanides ; it was therefore a primary amine, and its form-

ula must be written C, ,H. ,NH 3
.

An acet-compound C, 3
H, ,NHC 2

H 3
was also prepared by

the action of aeetyl-ehloride on the free base
;

it crystallized m
white needles and melted at 114° 25. At that time also some

attempts were made to obtain synthetically a base with the

same formula, but the results were not published.
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At the beginning of the next year, T. Carnelly* described a

base C, 3 H, ,JS"H 2 formed by the reduction of mononitrotolyl-

phenyl made synthetically, but as he did not describe»eitber

the acet-compound or the platinum salt there were no data for

a comparison of his base with mine ; to furnish such data is

the object of the present paper. Carnelly found that, on addi-

tion of sodic hydrate to a salt of his base and extraction with

ether, on evaporating the ether "an oily body was first pro-

duced from which there separated out a small quantity of

needle-shaped tufts. The melting-point of these after careful

drying was found to be 93°-97°.'' Under the same conditions

my base also furnished an oil, but at the time of the investiga-

tion in Berlin I observed no crystals. In the hope that longer

standing would cause it to solidify I have since the publication

of Carnelly's paper, precipitated the small quantity of the salts

of my base still at my disposal with sodic hydrate and allowed

the brown oil thus obtained to . stand under a bell-jar ; after

several days crystals appeared, and in a few weeks it had

changed nearly completely into good-sized prismatic crystals

arranged in pennate groups which broke up on pressure into

rough octahedral masses. Freed by means of filter-paper from a

little adhering brown oil these crystals melted at 46°-70° ;
from

an ethereal solution the substance separated as a brown oil

solidifying on stirring to pennate plates with the same melting-

point as before recrystallization. The crystals were insoluble

in water, freely soluble in alcohol, ether and benzol, and in-

stantly converted by hydrochloric acid into a chloride which

dissolved easily in water and was obtained crystallized in white

flattened needles two and a half centimeters "long me
partial decomposition near 200°, whereas Carnelly's crystalline

base when heated with hydrochloric u--M "di— 'lvod only atrrr

Jong boiling; on cooling, small fine white silky needles were

deposited, which were separated 'from the mother- liquor, washed

with a little water and dried over lime, after which they were

found to melt, with blackening, at 280° to 283°."

From this comparison it is evident that the base described

by Carnelly is not. identical but isomeric with that obtained by
me, and this view is further confirmed by the fact that the

fan-shaped crystal-groups of the platinum salt of my base

were so characteristic that Carnelly would have certainly de-

cern had his platinum salt appeared in this form.

Finally, it is worth mentioning that in 1875 I had, as an-

nounced at the end of my first paper, attempted to prepare

synthetically a base with this for: : the publi-

cation of Carnelly's paper, as my method was different from his,

I determined to bring the experiments for which I had pro-
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vided material to a conclusion before abandoning the field t<

him ; the work however was delayed by other and more im
portant researches and it was not until this winter that I wa
ready to examine the products of the reaction of sodium 01

a mixture of parabromanilin and parabromtoluol
;
just as '.

had proved the absence of any base other than bromanilin ]

received the paper* Ueber e'ine neue Bildung des Azoben
zols by E. Anschuetz and Gr. Schultz and guided by it hav<

succeeded in detecting also the azobenzol. I can therefore con
firm the results recorded in that paper in every particular.

To avoid interfering with any of the above-named gentle

Art. LI.

—

On an <.

A correspondent in Idaho has lately sent me a specimen,

obtained from a mineral vein, in which native gold is -

with scheelite and quartz. ' On account of some resemblance in

color to grossular garnet, the miners mistook the scheelite for

this species. But the high density of the mass at once attracts

attention and a trial for hardness alone proves it is not garnet.

The pyrognostic characters also show the absence of -

the presence of tungstic acid. The powdered mineral treated

with hvdrochloric acid develops at once the characteristic yellow

io acid, and zinc converts this solution to the familiar

blue of tungstic oxide.
. .

The gold appears in the scheelite, intimately associated with

a small amount of pyrite, interspersed in the mass of scheelite

and quartz. The pyrite is considerably decomposed, yielding

-brown oxide of iron, and some green stains indicate

also chalcopyrite, traces of which are detected by close obser-

vation. Leucopyrite is also present in minute quantities But

the total quantity of sulphides is certainly not over 1 to 1£ per

cent of the mass, if so much.
The scheelite is massive, with few crystalline faces; its color

"

yellow-brown, resembling chondrodite. Portions of it are

,aHe free from quartz or any mineral but gold. I found the

density of the entire mass (weighing 37942 grams) t

• chondrodite. Portions of i

^TreeTom quartz or any mmendboi goWJt foom^

ite =6, and

mVthe minor constituents of the mass, the proportions

of these two minerals is as 270 : 109-37, or 246 parts of quartz

to 1 part of scheelite. This is doubtless much above tne aver-

* Ber. Deutsch. Chem. Gresellschaft, ix, 1398.
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age amount of scheelite in the vein, as a whole, but the high
density of the tungstate renders its separation from quartz by
mechanical dressing an easy matter, and suggests this as a val-
uable resource for tungstic acid, the value of which in the form
of sodic tungstate, for fire-pro. >'

.. is well un-
derstood. Locality.—Charity Mine, Warren's, Idaho Territory.
My correspondent says :

" The miners on this ledge (lode)
lately struck a pocket of ore similar to that I send, and in a
few evenings pounded out in a hand mortar about one thousand
dollars, gold value, from a few candle boxes full of ore. The
ore usually pays about twenty dollars per ton."
The affinities of mineral association indicate that cassiterite

and wolfram may reasonably be looked for in the future explor-
ation of this interesting vein. "

Since writing the above, I have learned of another and much
more interesting example of the occurrence of gold in scheelite,

from Golden Queen Mine, Lake Co., Colorado. The gold is in

minute crystalline granules in the scheelite and fills what
appears to have been a geode of scheelite crystals.

JSew Haven, April 19, 1877.

Art. LIL—Ninth Report of the British Association Committee,

appointed for the purpose of investigating the Rate of Increase

of Underground Temperature downward in various Localities of
Dry Land, and under Water ; drawn up by Prof. EVERETT,
Secretaiy of the Committee.*

A remarkable series of observations have recently been
taken in a boring at Sperenberg, near Berlin. The bore was
carried to the depth of 4,052 Ehenish (or 4,172 English) feet,

and was entirely in rock salt with the exception of the first

283 feet, which were in gypsum with some anhydrite. The
observations were taken under the direction of Herr Eduard
Dunker, of Halle-an-der-Saale, and are described by him in a

paper occupying thirty-two closely printed quarto pages (206-
238) of the Zeitschrift fur Berg-Hutten-und-Salinen-Wesen
(xx Band, 2 und 3 Lieferung, Berlin, 1872).
The instrument employed for measuring the temperature was

the earth-thermometer of Magnus, which gives its indications

by the overflowing of mercury, which takes place when the

instrument is exposed to a higher temperature than that at

which it was set To take the reading it was immersed in

* The committee consisted of Prof. Everett, Sir 1

3 GlaisherL
George

Foster, Prof!"
. Pengelly, J>rof. Hull, Prof. Ansted, Prof. Prestwick, Dr. C. Le Neve

\ G. A. Lebour, and A. B. Wynne.
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water a little colder than the temperature to be measured ; the
temperature of this water is noted by means of a normal ther-
mometer, and at the same time the number of degrees that are
empty in the earth-thermometer is noted. From these data
the maximum temperature to which the instrument has been
exposed can be deduced, subject to a correction for pressure,
which is not very large, because the same pressure acts upon
the interior as upon the exterior of the thermometer.
In the following resume (as in the original paper) tempera-

tures are expressed in the Eeaumur scale, and depths in

Rhenish feet, the Ehenish foot being 1-029722 English foot.

Observations were first taken at intervals not exceeding one
feet, from the depth of one hundred feet to that of

4042 feet, the temperature observed at the former depth being
ll'O, and at the latter 38"5 ; but all these observations, though
forming in themselves a smooth series, were afterward rejected,

on the ground that they were vitiated by circulation of water
and consequent convection of heat.

It has often been supposed that though this source of error

may affect the middle and upper parts of a bore, it cannot
affect the bottom ; but the Sperenberg observations seem to

prove that no such exemption exists. When the bore had
attained a depth o( nearly 3.390 feet, with a diameter of twelve

inches two lines at the bottom, an advance bore of onlv six

inches diameter was driven seventeen and one-half feet further.

A thermometer was then lowered half-way down this advance
bore, and. a plug was driven into the mouth of this advance
bore so as to isolate the water contained in it from the rest of

the water above. After twenty-eight hours the plug was

drawn and the thermometer showed a temperature of 86'6.

On the following day the temperature was observed at the

same depth without a plug, and found to be 33'6. Another

plug was then taken, the thermometer (a

fresh instrument) being left twenty-four hours in its position.

It registered .V. .".
i !._ •

. vi: • r • ,_-_ - -rave on the

same day 33-9. It thus appears that the effect of convection

was to render the temperature in the advance bore 3° E. too

Apparatus was then employed for isolating any portion of a

bore by means of two plugs at ;
art with

the thermometer between them. This operation was found

much more difficult than that above described, but m several

instances it gave results which were deemed
while in other instances the apparatus broke, or the plugging

was found imperfect. The deepest of the successful observa-

tions by this method was at 2,100 feet, and the shallowest was

at 700 feet The first 444 feet of the bore were lined with iron

Am. Joub. Scl-Third Series, Vol. XIII, No. 7S.-Jcne, 1877.
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tubes, between which the water had the opportunity of circula-

ting even when the innermost tube was plugged, hence the

observations taken in this part were rejected.

All the successful observations are given in the third column
of the following table, subject to a correction for pressure; and,

for frhe sake of showing the error due to convection in the ordi-

nary mode of observing, the temperatures observed at the same
depths when no plugs were used, are given in the second
column :

Deptbiu
Temperature Reaumur.

700 1608 17-06 0-98

1,100

17-18

20-8

1*32

1,300 21-1

1,500
22-9 24-1

0-72

24-8 25-8

27-1

These temperatures are

are corrected for rise of :

this last circumstance explains the difference of 0*4 between the

temperature 36 -15 here given and 36*55, which is the mean of

the above-mentioned observations at the depth of 3,390 feet.

Another proof of the injurious effect of convection was ob-

tained by comparing the observed temperatures (without plug-

ging) in the first 400 feet of the great bore, designated Bore I,

with the temperatures observed at the same depths during the

sinking of another bore, designated Bore II, near it; the ob-

servations in this latter being always taken at the bottom.

The following were the results :

Deothin
Temperature.

Borel. Bore II.

200
11-0

13-6 12-5

The temperature at the depth of one hundred feet in the
great bore thus appears to have been raised about 2° B. by

i table of the successful observations, cor-
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Depth InBhenish teebt
700 17-275

23-277

24-741

2,100
37-23

6

8

Assuming, with Herr Dunker, the mean temperature of the
arface to be 718, which is the mean annual temperature of
le air at Berlin, we have the following increments of tempera-
ire with depth :

Depth in Rhenish Increment increment o, p£Sft&
Inc^a

rfer

to 700 700 10095 1-442 3.94

1-505

700 to 1,100
0-363

1-767 1-99

•882 1-98

1,900 to 2,100 2-164 243
1,290

to 3,390 3,390 30-058 •887 2-00

The mean rate of increase found by comparing the tempera-

tures at the surface and 3.390 feet is exactly 1° Fahr. for 50
Rhenish or 51/5 English feet.

The numbers in tbe last two columns exhibit upon the whole

a diminution with increase of depth ; in other words, the tempe-

rature increases less rapidl v as we go deeper down. As regards

the first 700 feet, which exhibit a decidedly more rapid rate

than the rest, it must be remembered that nearly half of this

distance was in a different material from the rest of the bore,

being in gypsum with some anhydrite, while all the rest was in

rock salt.
'

Prof. Herschel has f< irnents not

yet published, that the conductivity of rock salt is exceedingly

high; and theory shows that the rates of increase, in superim-

posed strata, should be inversely as t leir c< n<\ ictivities. We
may, therefore, fairly attribute the rapid increase in the first

700 feet to the relatively small conductivity of the portion (283

feet) which is not rock salt. The slow rate of increase observed

Qg interval between the depths of 2,100 and 3,390 feet

is not so easily accounted for; we can only conjecture that this

and the other inequalities which the above table prea

depths exceeding 700 feet, are due to fissures and other inequali-

ties in the rock which have not been put in evidence.
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With the view of summing up his results in small compass,
Herr Dunker has assumed the empirical formula :

*=7-18 + aa; + fe2
)

t denoting the temperature (Reaumur) at the depth x (Ehenish
feet) ; and has computed the most probable values of a and b. bv
the method of least squares. He finds

a — -0129857 b = — '0000001 25791,

the negative sign of b indicating that the increase of tempera-
ture becomes slower as the depth increases.

A paper by Prof. Mohr, of Bonn, as represented by an ab-

stract published in Nature (vol. xii, p. 545), lias attracted atten-

tion from the boldness of its reasoning in reference to the
Sperenberg observations. Prof. Mohr, however, does not quote
the observations themselves, but only the temperatures calcu-

lated by the above formula, which he designates, in his original

paper (Neues Jahrbuch fur Mini-rahyk, etc., 1875, Heft 4),

''the results deduced from the observations by the method of

least squares." In the abstract in Nature they are simply
termed "the results of the thermometric investigation of the

Sperenberg boring," a designation which is still more misleading.
Attention is called to the circumstance that the successive

incfl :.. ::ts of temperature for successive equal increments of

depth, form an exact arithmetical progression, as if this were a

tie fact of observation, whereas it is merely the result

of the particular mode of reduction which was adopted, being a

Leal consequence of the assumed formula t = 718 +
ax + bx 2

. The method of least squares is not responsible for

this formula, but merely serves, after this formula has been
assumed for convenience, to give the best values of a and b.

Herr Dunker, in his own paper, lays no stress upon the for-

mula, and gives a caution against extending it to depth- much
'in those to which the observations extend. Writing

to Plot. Kveret under date April, 1876, he requests that in the

summary of his results to be given in the present Report, the

formula should either be suppressed or accompanied by the

statement that it,, author iv„ ,\,..
; , dilf.Mvnt deduction.

The following are the differences between the ten
computed by the formula and the observed temperatures

:
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The necess t\ of idopting so i m • ms to
j

\ i nt tin < in ula-

tion of water in bores, has for some time been forcing itself

upon the attention of your committee. Many of the observa-

tions taken by their observers have contained such pidpable

evidence of convection as to render them manifestly useless for

the purpose intended ; and in the light of the Sperenberg
experiment it is difficult to place much reliance on any obser-

vations taken in deep bores without plugging. The selection

of a suitable form of plug is now occupying the careful atten-

Herr Bunker's paper gives a very full account of the different

kinds of plug employed at Sperenberg.

For stopping the mouth of the advance-bore the plug had a

was of hard wood, strengthened by two iron

iii)_-. 01 i at e k b cud. and covered with a layer of tow five lines

thick, outside of which was thick and strong linen, nailed above

and below to the wood, through a leather strap. It was lowered

into its place by means of the iron rods used for boring; and,

when in position, was pressed home by a portion of the weight

of the rods. The plug curried th th -nnometer suspended from

it. Its exf. iced by means of a screw on the

beam of the boring machine, iti order to avoid a sudden jerk,

which might have broken the thermometer. The force which

was 1 I >essar\ tor tl is Parting the plug, as well as the

impression observed upon it when withdrawn, showed that it

_ht. To insure a good fit. the top of the advance-

bore had been brought to a sail

removed, bv m ans of revoh i i.u ' itting-tooL Herr Danker
-

'

but r mt ii onlin u >. 1 n 1 r. ck it would be better to make the

bottom of the main bore flat, and to close the advance-bore by

an elastic di*c pr<^ed over it. The method of observation by

bore, a time when it - dim mlt t » a\ .id . i »r ismg from the

heat generated in boring. The expense of making an advance-

bore at each depth at which an observation is required is also

^AnifherkSdoMug devised bv Herr Danker, and largely

used m 1m f ,< n-i^ d »t a bair of vrv <t.>ut ha-

: ,>~
\

••:

, ..:. -....- _ - • -

.oi tic bore On the-u-^tioiiotbore-

_-.a, ve,-. like the

hu ,p distorted into an oval by pressing against its
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walls, prevented the upper disc from turning, but offered little

resistance to its rising or falling. The lower disc, on the con-

trary, was permitted to turn. Both discs were carried by the

iron boring-rods. Eotation of these in one direction screwed

the discs nearer together, and rotation in the other direction

brought them farther apart. The india-rubber bag could thus

be made to swell out and plug the bore when it was at the

desired depth, and could be reduced to its original size for rais-

ing or lowering. In order to prevent the boring-rods from

becoming unscrewed one from another, when rotated ba

it was necessary to fasten them together by clamps, a rather

tedious operation in working at great depths.

In taking observations at othe:

of these plugs were ernploj^ed, o
thermometer.

In some of the experiments, the apparatus was modified by

using linen bags filled with wet clay, instead of india-rubber

bags filled with water ; and, instead of screwing, direct pressure

was employed, the lower disc being supported by rods extend-

ing to the bottom of the bore, while the upper disc could be

made to bear the whole or a portion of the weight of the rods

above it. Some successful observations were obtained with both

kinds of bag; but the water-bags were preferred, as returning

more easily to their original size when the pressure was removed,

and consequently being less liable to injury in extraction. In

some obser in another place (Sudenberg),

Herr Bunker states (in the private letter above referred to) that

india-rubber bags, filled with water, and pressed, not by screw-

ing, but by the weight of the rods, were employed with much
satisfaction.

All the methods of plugging employed by Herr Dunker in-

volved the use of the iron rods belonging to the bori _

tus, and therefore would be inapplicable (except at great

expense) after the operation of boring is finished and the

apparatus removed.
It seems desirable to contrive, if possible, some plug that can

be let down and raise. 1 by a wire. In the first report of your

Committee, it was suggested that two bags of sand, one above

and the other below the thermometer, should be a»
purpose. Bags of sand, however, would be liable to rub off

les of the bore, and thus to becom-
in drawing up. Mr. Lebour has devised a plug wh
of small diameter during the process of lowering a

but can be rendered large and made to fit the bore, when at the

proper depth, bv letting down up. n ii a sliding ,veight suspen-

-. \\ 1 , . ,__ -, r . - i

;

probably be found effectual.
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Mr. Boot has continued his observations in the bore which he
is making at Swinderby, near Scarle (Lincoln). It has now-

been carried to the depth of 2,000 feet, and is in earthy lime-

stone or calcareous shale, of Carboniferous age. Its diameter in

the low
78° F.,

• part is only 3| inches. In April last the t

was observed at 2,000 feet; the water, in each case, having been

»ed for a month. Supposing these results not to be

vitiated bv convection, and assuming the mean temperature at

e to be 50°, we have an increase of 29° in 2,000 feet,

which is at the rate of 1° in 69 feet.

Mr. Symons has taken a series of observations at the depth

of 1,000'feet in the Kentish Town well, with the view of deter-

mining whether the temperature changes.
m '

employed is a very large and delicate Phillips' maximi

mometer. The following is a list of the observations :-

i rlier-

—

-

lna. sfr Meo( 4$. Temperature.

,; May 8 1000

6450 May 8

July 2

1007

1009

66-82

" July 2 1000
« July 28 Sept. 8

" Sept. 8
Oct. 30

Dec. 3

" Dec. 3 1000 63-80 Jan. 7 1009

Feb. 1

March 3 1005

6390 May 3 1006

;; Jg* J

1000
Soo Ju?y 7 1005

6758
" July 7

:: H, ,!
" Oct. 2

" Nov. 1

1000

1000

6387 Sept. 10

Oct. 2

Oct. 19

Nov. 1

Dec. 1

1003

1005

67-58

broke.

•h the *tx*« i

raised and lowered, as ,1,. •, il d. v. ith a diagram, in the Keport

for 1869. The above table shows that there is al*

in the interval between lowering

the therm t again, Recent obs
Rations by

means of a fixed mark on the wire, have shown that the change

is not, in the main, a «, but an alternation

of length. It is probably due in part to the greater

Which the ring than in lowenng, a cxrcurn-

stance which will cause a temporary difference of lengtn vana-
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ble with the rapidity of winding up ; also in part to the circum-

stance that the wire is warmer when it has just left the water

i it is about to be let down. Some portion of the

irregularity observed may be due to variations of temperature

in that part of the well (210 feet) which contains air. The
observations, taken as a whole, show that any variations of tem-

perature which occur in this well nt the depth of 1,000 feet,

are so small as to be comparable with the almost inevitable

errors of observation. The observations will be continued at

intervals of six months, with adding a! precautions, and with

an excessively slow (specially constructed) non-registering ther-

mometer, in addition to the maximum thermometer hitherto

employed.
Through the kindness of the eminent geologist, M. Delesse,

of the Ecole Normale at Paris, observations have been obtained

from the coal mines of Anzin, in the north of France. They
were taken under the direction of M. Marsilly, chief engineer

of these mines. Maximum thermometers of the protected

N. •_•! :ti pattern, were inserted in holes bored hori;.

the depth of *6 or '7 of a meter in the sides of sb

were in process of sinking, and in which there was but little

;i of air. A quarter of an hour was allowed to elapse

in each case, after the boring of the hole, before the thermo-

meter was inserted, and the hole plugged. Four different

shafts were tried. Those designated as Nos. I, II, III, were

in the mine Chabaud La Tour ; and No. IV was in the mine

Eenard.
In Shaft I, observations were taken at eight differei

commencing with the temperature 56J° F. at the depth of 38*5

meters, and ending with 67|° F. at 200'5 meters.

In Shaft II there were observations at four depths, com-

mencing with 55° at 87"8 m., and ending with 63£° at 185 m.

In Shaft III there were observations at three depths, com-

mencing with 56° at 87"8 m., and ending with 62£° at 144 m.

These three shafts, all belonging to the same mine, were very

wet, and the temperature of the air in them was 11° or 12° C.

(52° or 54° F.).

In Shaft IV, which was very dry and had an air temperature

of about 15° C. (59° F.), observations were taken at six depths,

commencing with 70f° F. at 21-2 m., and ending with 84° F. at

134-8 m.
The mean rates of increase deduced from these observations

In Shaft I, 1° F. in 14-4 m., or in 47"2 feet.
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The observer mentions that in Shaft II there was at the
depth of Oil m. a seam of coal, in which heat was generated

of the other shafts, although it is obvions that some disturbing
cause has rendered the temperatures in shaft IV ahnoriuallv
high. Possibly the heat generated in boring the holes for the
thermometers 'in this shaft (which was dry) has vitiated the
observations, the instruments employed being maximum ther-

mometers. Two of the slow non-registering thermometers
mentioned in last year's report have been sent to M. Delesse,

to be used for verification.

The slow-action thermometers are constructed on the follow-

ing plan: The bulb is cylindrical and very strong, and is sur-

rounded by stearine or tallow, which fills up the space between
it and a strong -lass shield in which the thermometer is in-

closed. The shield is not hermetically sealed (not being intended
for protection against pressure), but is stopped at the bottom
with a cork, so that the thermometer con be taken out and put
in again if desired. Stearine and tallow were selected, after

trials of several substances, including paraffin wax. bees" wax,
glue, plaster of Paris, pounded glass and cotton wool. The

rubber. When placed, without these cas s, in water differing

10° from the ii >wn ten ! they take 1 rl If a minute
to alter by one-tenth of a degree.

In concluding this report, your committee desire to express

their regret at the losses vhich the\ 1 v< >u> ned L\ the

deaths of Professor Phillip-. Sir Charles Lvell. and Col. Strange,

of whose valuable service- thev have been deprived within the

last three years.

SCIENTIFIC INTELLIGENCE.

I. Chemistry and Physics.

1. On Iodine Trichloride.—Cheimoman^ 1, .< d< * n\> 1. a- in

excellent lecture experiment, the pivparati

chloride ly rlc- u-tion <>t Iry ehlorh e up •

.

nr-(I.,=HCl+IClandlCl+
C1., = T("1 A- rl. M-t ta.-t <>f the two « st-

whir.- ,!,.,;,. cloud oflivdrouvn i

)<.'. ,•>.•
. _ '- '.-:.- • ' '

'

"
;

"

fre.pu-utlv Iji Mieut of great splendor. il

walls of the vessel ire cov.-ivd with i i -k, bright lemon-yello

crystals, which are converted into the monochlonde by an exee
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of hydrogen iodide, but may be preserved in an atmosphere of

chlorine. Iodine trichloride fuses at 32° C, is volatilized at 47-5°

(though it gives off vapor even at —12°) and is dissociated at
72° into monochloride and chlorine. It is soluble in cold water
without decomposition.

—

Ber. Berl. Ghem'. Ges., x, 434, March,
1877. G. F. B.

2. On the Atomic Weight of Selenium.—Pettekson and
Eh : s have redetermined the atomic weight of selenium by sev-

eral methods, using for analysis calcium selenate, ammonio-alumi-
num selenate (an alum) magnesium and silver selenites and silver

selenate. The numbers obtained not being sufficiently accordant

they tried reducing selenous oxide by means of sulphuric acid

and determining the selenium precipitated. In five experiments

they deduced the atomic weiirhl ' s. 1, i ium as 79-10, 79-06, 79-08,

79-06, 79-08, the mean of which is 79*08, which may be accepted

as the true atomic weight of this metalloid.

—

Bull. ISoc. (7Aem.,H,

3. On Trihydroxylantimonic acid and * I

Analogy points out the existence of an antimonic acid 0=Sb—OH

and an antimonyl chloride SbOCl 3 , corresponding respectively to

0=P—OH and to POOL. Daubrawa has studied the question

^OH
of lie antimonic acids anew, using Berzelius's method for prepar-

ing them, i. e., by dropping antimonic chloride into water. The
results of analysis showed that the air-dried precipitate was

H 8Sb 2 9 ; dried over 3 a i I Sl.i >, ; at 100° C,
it becameH^O, ; at 200°,HSbO 3 ; at 275°,Sb 2 5 ; and above

300°, Sb„0
4 . For the preparation of the oxychloride, one part by

weight of wat- r was ':>'
>\ p. d into sixteen parts by weL

timonic chloride. A Inctly crystalline mass

resulted, whicli was delhjuesrem in the air, and which fused, boiled

sed in a closed tube, dissociating into SbOCl and Cl 2 at

higher temperatures. The ae. alt, gave the

formula SbOCl Z.—Liebig's Ann., clxxxvi, 110, March, 1877.

4. On the Constitution of Cyanamide.—Oi the two rational

formulas assigned to cyanamide, NeeC-NH 2 and C^g, the

3 of di-sil

! probable
hmvev< th I xh\> n 1. tormula is actually not the true one.

By acting oi with ethyl iodide, di-ethylcyan-

D properties and in decomposition

i'
:

'

zaro and Cahours from cyanogen chloride and diet'

As in this latter body the two ethyls are united to the same
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X
5. On Potassium triiodide.—Johnson- has succeeded in obtain-

ing potassium triiodide by evaporating a saturated aqueous <>r

aleoholic solution of iodine in potassium iodide, over
acid. At first dark colored cubes of the iodide colored l.v iodine
appeared

;
hut after some days, lustrous dark blue prismatic crys-

tals were deposited, sometimes two inches lon-\ which atibnhd
the composition of the tri-iodide on analysis. This substance is

very deliquescent, becoming a brown liquid on exposure to the air.

In specific gravity at 15° was 3-498. From the fact that its

atomic volume is 120-2. hv 'xperiment, and 1 22 "2 bv calcuhn ion
from the sum of the atomic volumes K+I 3 , but only 10.5 •« \ from
KI+I2 , the author infers that it is an atomic and not a molecular

A.—J. Ch. Soc, xxxi, 249, March, 1877. g. f. e.

6. On Ethyl-»»r<-<iptau ami it* Ik-rir.i'tire*.—In the course of
an extended investigation into ethyl-mercaptan and the corre-

5 mercaptides, Claesson has made the curious observa-
tion that the group S.C 2H 5

of mereaptan is readily ex-
chaiiu* d for the haloid constituents of the fatty series, the substi-

tution taking place the more readily the less condensed the carbon
nucleus of the compound. Thus by acting on carbon tetrachl o-

i'ide w ith mereaptan in presence of sodium ethylate, sodium ehlo-

i : the heat evolved, and a liu'ht

yellow oil of 1*01 spa ed, which the author
1 which has the formula C(S . C2

H
5 ) 4 . He has prepared also dicarbonhexamercaptid.

epared also eth; I has studied
nd dicarbontetramercaptide C^(S._C 2H S ) 4^ The author

its properties and reactions.

—

J. pr. Ch'll', xv,~193, March, 1877.

7. On the Synthesis •>/ CoHnurrin.—Tu^sixys and IIk

ive effected a new synthesis of coumarin. They were le<

ethod by observing that acetylparacumaric acid \va- «-

hen paroxybenzaldehyde was heated

pected acid was produced, and from it als<

hydro-orthocumaric (melilotic) acid. By sir

orthocumaric a< i 1 \\ is lee n p »>ed t ito eti> o\i b u 1

coumarin which was obtained s

The authors consider - le with the

C 6H 4

/CH =
V
H—Ber. Berk Chem. Ges., x, 283, Feb.
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solution of uroxanic acid was really glyoxalylurea, as as

Medicus acted upon it wi re, which wot
it into urea and glyoxalic acid, and then would decompose

' oxalic and acetic acids. The products
and proved to be those mentioned. Hence the author

proved his formula for

Glyoxalylurea is CO^ "i and uroxanic acid is

COOH
NH-C(OH) NH 2.

CO'
I

CO.
NNH—C(OH)=NPI^

—Ber. lierl. Chem. Ges., x, 544, April, 1877. a. ». b.

9. On, two new Alkalnh/*, Strnp/ufHtinc and rneine.—ll.^hx
and (i uxors have examined the poison variously known as inaye,

onave. gombi, etc., extracted in Africa from the seeds of Strophan-
tus /./.-

/
^///x. ;i clinihiii-- plant belonging to the Apocyneae.

Frascr c\ I m,m it an active ex-

tract, to the alkaloid in which he u'ave t lie name s:

,

The authors have succeeded in preparing this body <:

and have shown that it arrests the action of the heart, the ven-

tricles being in systole. From the tufts about the seeds, they

have also obtained a second alkaloid which they call ineine.

Bull. ,w. r/,„ II, x ,vii. J47. March, 1877. &• *• b.

10. Occurrence of Corr ,- „ .<»,, , t/„ 111 / ./ UV ' ' >•
-

m //-.—<
: . ; /. i iving I .in inerate the blood of a rocbu

in the woods, and to analyze the ash, v, as >urpi iscd to detect in it

an appreciable quantity of copper. Fearing that it me.
e_nt< ' \hy ttn-i.l- nf during hi- op, rath-n^ h. rep, ;ited the analy-

sis on the blood of another buck, t rations. The

result was the <ame, the ryM) grains of bio., i

grams of copper oxide, li mu-t h.i\ . . \
:

-i i i-itl r-
•>d by the animal or in the water which he drank.

—

Bull.

Soc. Oh., II, xxvii, 196, March, 1877. g. r. b.

11. Is Glass impervious to Gasesf—Professor G. Quincke has

tried to force hvdrogen and carbonic acid, by pressures of from

40 to 120 atmo.phcn-. 'hrou-h ., -j: t ~> uall 1

"". mm
and to determine by the Ioss°of weight, the quant.it v of gas that

had passed through during seventeen years.
One leg of a V-shaped glass . .

'

as a capillary tube of _300

•
. ;

the middle and open above, 150 mms. long, 8 mms. ii

and 1-5 mms. thick. Into the open 1-- a d-.p of qui -ksilvi-r was

p»t; upon this dilute sulphuric acid ua- pmivd: into the upper

pan some -1 t .-t /'.:. was push,. I, which was kept from contact
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the tube; and then the open
end was carefully closed by fusion at a glass-blower's lamp.
Four tubes thus prepared umh rw< nt a double w. ighing : and then,
by inclining the tubes, the sulphuric acid was brought into con-
tact with the zinc. The pressure .>:' tlie hydrogen was shown by
the diminution of volume of the air in the capillary tube, which
ser\ed lor a manometer. Its amount on the iirst day. in the

i idies, was from 1^ to 10 atmospheres, rose in rive months
up to 27-54 atmosphere and in 17 years up to '25-120 atmospheres.

lis time the tubes were frequently doubly weighed on an
:

i

0-3 of a milbgrim, \\a^ always found.

Another similar tube, with carbonate of lime and concentrated
sulphuric acid, in which the pressure of the carbonic acid gas
amounted on the first day to 21 atmospheres, after five months to
•'.4 aim. spheres, and after 17 years to 44, showed likewise always
the same weight of 14-6361 grams.
Thus according to these experiments, a pressure of from 40 to

100 atmosphere- canm t, during a space of seventeen years, force

through l'-:> mm. thickness of glass a perceptible quantity of

hydrogen ,,] carbonic acid.

While at the commencement the concentrated sulphuric acid

wetted, the glass sides of the tube, and showed a sharp marginal
angle (apparently " >. gradually in the course of years the angle

condensed
carl onii acid lik< qui ksilvei i i a glass t i> t till* i with air.

In the at u '
< angh arte margin of the

irk aid, which at first likewise wetted the sides, has

also increased to about 60°.

The glass thus appears to have gradually in the course of years,

under the influence of the great pressure, become coated with a

thin lav. r ..fear' -.i w acid > r I ydrogen n-pccth t :y. which exerts

attraction from that which glass exert- upon the

Houid ]. articles at the margin of the surface. A -i

gas must have been deposited on_ the surface uf the zinc and

obstructed the further chemical action of the acid.—Pogg. Ann.,

clx, 118; Phil. Mag., iii, 3 1 4. e. «

. p.

12. Polariz<itU,n ft) !:< ' >r.—\\. J. ]> .-ham xphm - the

ight &**"

i ,p it m uig • t I" . vial. t

nation is about 37°. The ratio of I

red rays is consequent >"" :

V*-

Xicol is rotated fm°. If the it;.';.

\/-j= 1-414 the p.-larization would be complete. Calculation

shows that for oil of cassia the ratio of the red rays is 6-3 and of

the violet _-s. F rmiug a rainbow l.\ -, it tu _ this liquid m
sunlight by an atomizer the light cannot be extinguished by a

Nicol prism in any position.

—

Pogg. Ann., clx, 123. e. c. p.
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13. The Radiometer.—Two views have been offered as to the

mode of action of the gas in the radiometer. One attributes the

motion to
_
reaction of gas particles getting heated on the vanes,

ing off; the other to air currents which arc <Ilr> it. I

toward the plate in consequence of heated air rising from it. M.
Neesen has endeavored (Pogg. Ann.) to decide between these

views. If the second view is correct, he argued, the wall of the

vessel, by becoming also heated, must also acquire influence

through rise of heated air from it as from the vanes. If the rota-

tion be merely a phenomenon of reaction there is no reason to

suppose such an influence of the fixed wall. Now by giving the

radiometer an eccentric position within the glass vessel such an

influence of the walls should be readily recognized. He describes

a number of experiments made in this way, and which he regards

as supporting the second view.
In an article contributed to Poggendorff's Annalen, M. Zollner

is led to take the following positions in reference to the radiome-

ter. The explanation of radiometric motions based on the princi-

ples of the mechanical theory of gases, make suppositions about

the relation of the mean lengths of path of the gas molecules to

the dimensions of the vessel which are not realized in fact. This

explanation further leaves out of consideration, without sufficient

ground, the simultaneous existence of mercury vapors whose mole-

cules have a more then seven times greater mass and a much
smaller mean length of path than the molecules of the gases acting

35 to the mechanical theory of gases. Hence we are not

warranted in regarding the radiometric motion discovered by
Crookes as an empirical confirmation of the mechanical theory of

gases.

—

Nature, xv, 521. e. c. p.

14. Fluorescence.—M. E. Lommel discusses the intensity of the

light of fluorescence assuming that tin.- quantity of th<

an element of volume of the fluorescent substance can emit is pro-

portional to the quantity of exciting light which is absorbed.

He concludes

:

(1.) That with an increasing concentration, the intensity of the

fluorescent light at first increases up to a certain minimum, and

then decreases.

(2.) That the ratio of the light emitted by a superficial layer of

kness, to the total fluorescent light, increases with the

intensity of the absorption, and is as much more feeble as we
observe it at a greater distance.

(3.) That the mixture of colors which constitutes fluorescent

gei with the coefficient of absorption of
light, in such a way that the ratio of the intensiti. -

more and more that which characterizes the type of the f

spectrum, to the extent that the exciting rays are capable of

being absorbed.

(4.) That the fluorescent light, observed at a great distance, is

a mixture of colors in which the rays vei

absorbed are in less proportion than when the observation is made
at a small distance.
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(5.) That by observing the fluorescence by transparency as
Lubarsch has done, the proportion of the rays most absorbed is

strongly diminished.

(6.) That it is, on the contrary, as great as possible when, the
observation being effected on the side of the incident rays, the

"' 7H
'

All these conclusions follow naturally from the first proposition
and seem to involve only very natural hypotb

This theory demands nothing but that the law of Stokefl shall

be in general correct. It explains, on the contrary, very well the
disagreement of the experiments of Lommel, made under condi-

tions theoretically more favorable than those of his opponents.

—

Pogg. Ann., clx, 75, Joum. de Phys., vi, 126. e. c. p.

Electricity and the Electric Telegraph ; by Geo. B. Pbes-— New York. 1877.

j Mr. Prescott, is a
most important contribution to scientific literature, honorable
alike to the learning and industry of the author. It is a compre-
hensive review of the application of electrical principles to tele-

graphy. It discusses with sufficient thoroughness the laws of

electrical resistance and measurement; the determination of vol-

taic constants; the laws of electro-magnetism ; of the measurement
of electro-motive force ; of galvanic polarization and the applica-

tion of these and other principles to telegraphic circuits and land

lines ; the phenomena of charge and discharge on land lines and
underground lines ; submarine cables ; electrostatic induction on
telegraph lines; the phenomena of charge in submarine cables;

coefficient of charge in submarine and land lines ; duration of the

variable state when the extremity of the line is to earth, and

ne required to produce a signal ; tne

earth a reservoir of electricity, and its electrical resistance. These

topics fill nearly half (415 pages) of the volume; the remainder is

occupied with a historical notice of experimental telegraphs of the

American and Europe
other systems and instruments, illustrated by very beautiful,

original wood-cuts. The discoveries and imp]

years, especially the duplex and quadruplex modes of transmission,

and the improved type printing apparatus, which, as the author

says, have in America almost revolutionized the telegraj

are now for the first time illustrated with a completness worthy

of the importance of the subject. The harmonic teleg

B are also described and illustrated. Mr. Pre>

is prepared with great care, giving to each investigator and

inventor just consideration : and while it is full in its technical

detail it is also thorough in its scientific accuracy, qualities rarely

combined, and worthy of the electrician of one of the most widely

extended telegraphic organizations in existence.
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II. Geology and Natukal History.

1. Annual Report on the Geographical /Surveys icest of the

100th Meridian, by G. M. Wiieixkk, 1st Lieut.' Eng. U.S.A.
350 pp. 8vo, with many imps :ui<l plates. Washington, 1876.
— Ij.mii- ii.-uit Wh. •<!..•"- !,' p.>i-t. *-vr»-ii'liis-_r to 7'.' pages, treat-

of the general results of the expedition. It is followed by
« !ogi i h ] otlu i int a

mation, by Lieut. \V. L. Mak-'iiau.. Lieut. P. Bergeaxd, Lieut.

W. L. Caupkniku, Lieut. R. Biemk, Jr., Lieut. C. C. Monmsox,
and Lieut. C. W. Whipple; on meteorology and hypsotmtry by
Lieut. W. L. Marsha.lt.; on the geology and mineralogy of

Southeastern Calif i -. 'hernial spriiigs and

brackish waters of Southern California —the physical and agri-

a fares and ethnology of Souther!: California — the

meteorology of the Mohave Desert and the geographical dis-

. its vegetation, bv Dr. O. Loew; on the geology of a

portion of Southern California by Prof. J. Maiioh'; 'on the geol-

ogy of the mountain range from La Veta Pass to the head of the

Pecos, by A. R, Conklixg ; economic botany and ; :

Southern California, bv Dr. J. T. Rotiiiiock ; on the ornithology

..i-tion- of California, bv II. W. IIk.ysiiaw :

on Ortlioptera. bv S. II. S. coder; on Coleoptera, by Dr. J. L.

LeCoxte; on the Alpine insect fauna, by Lieut. W. L. C.uii'EX-

spoken in Southern California, Xevada

( re. k, Califor ia, an n f, rred t . th< E .ccm T< itia

L'pp* r ( 'retaeeiui-. notwithstanding the pn s< ne< • fa few ( 'rctace-

species, with these exceptions, having prominently
character.

2. Ge<>?or/h-a? ami G>»<;raphical Survey of the T,

F. V. Hatdex, L. S. (Geologist in charge.— Bulletin Xo. 2 of vol.

III. roc ;
;
,~ i - u is i paper on Western Diptei

ing descriptions and new genera and species, by C. R. 0-r;:\-

S\< ;.'i \. oeeup\iiig !-;.> p.igi-: a report on In-ecCs

P. ii. 1 bier iii J -7 . nd ot lb :niph ra .
•;' et 1 bv A. S. Packard,

Jr., by P. R. Uhler, with two plates, extending to 120 pages;

iptions of the Araneae collected in 1875, by A. S. Pack-

sard, Jr., by T. Tiiorell, over 50 pages. The memoir by P. R.

Uhler contains monographs of the families Cydnidae and Said®.

3. Contributions from the Laboratory of the I

J//,..v.,,,,-/ ,• Li-port bv the Curators of the University oi

to the lo.veriioi «,f" the State. Includes a paper by Prof. P.

Schweitzer on the various methods of separating and det

Barium, Strontium and Calcium ; a paper by C. P. W
the composition <f Miss t the lead <

99-91 to 99-993 per cent, and the silver 0-00029 to 0*00615 per
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and analyses of Copper ores, Smithsoi]

Flower of G)

Delia Organogenia del fio
nota di O. Beocaki. Extr. irom im>oc» u,

Italiano, vol. ix, No. 1. Jan. 1877. With a

observations and notes were made at Ternate,

He was not aware that anything on the subje

published in Kuropo; hut \\i his paper he refi

having first asserted tliat the whole floral appa

belongs to the ovule. Beccari describes the prop

viz: those of the fertile anient, and distinguish*

abortive female flowers whieh accompany the n

latter have only two envelopes and no embry(

have three, and*the embryo-sac appears at the tii

The ovule or female flower—whichever it be eal

in the axil of an ament-seale, the nature of which

Its body or central part is an ovular nucleu;

or cupule around the base of the nucleus, which in due time it

; it shows no indication of a bipartite division or lobing.

Soon after this becomes manife- nnates sum-

,., beyond it and beyond the

being extended into a styliform tube with a

apex. This internal and fla.-'k-shaped cat i- h-uii-t m
female flowers of the male anient, but is les> prolong d

:
tn.

.
x-

ternal coat equally exists; bul

envelope of W'hrM,[i. -..nh

er and confluent-diphyllous. I

sac is earpellarv and diphyllous

pport of this view turns upon

acece with other Gymuosperms i

nia; it is most unlikely that *»

I with such a high type of ovule



ndistiiict. 2. The order of evolution of these
from without inwards or from below upwards, is that of leaves or

whorls upon an axis, and of the floral organs in a flower ; while
ovular coats, as is well known, form in reverse order, the external

one latest. The evidence is fairly convincing, mid other recent

investigations point to the same conclusion.

Some accompanying theoretical deductions drawn by Beccari

are not so convincing nor so important. Nor need we share the

hesitation with which he uses the name of Gymnospermce. He
prefers to continue the term because the ovules, though not

destitute of ovary, are destitute of proper ovular coats. But so

are not a few angiospermous plants. We should continue it

under the original signification, because, admitting the flask-

Bhaped envelop to be homologous with pistil, it is not in

one; for the pollen reach, s ami acts directly upon the ovule itself,

aa 1 not through the intervention of a stigma. Ovules reduced to

the nucleus only were not known to Robert Brown, or at least

were not considered by him in their present bearing. Being now
recognized, the question whether the coat of the seed in Coniferce

and i'_'/(•>
> dacece is of carpellary or ovular origin may remain an

open one, or may be decided in favor of the former, without essen-

tially derogating from the fitness of the received name for this

p of orders. Moreover, in flowers so little differenti-

ate'. I as those of Coniferce, the distinction between ovular and
carpellary envelopes may be really not cognizable because not

yet actual, and so the question maybe one of words; while in

Gnetacece an in port; nt a Ivance is made, and the ground of a

distin. ion bet we i ovular, e dal envelopes

begins to appear.
If this be so, a vexed question i i

tical settlement. The cultivators of fossil botany, finding that

Gymnosperms wen- far the earii •-. and that

no angiospermous Dicotyledons have been detected until long

after the appearance of Monoeotvicdons, almost universally treat

the Gymnosperms as a primary division or class of the Vegetable

Kingdom. They are seconded by the histologists 01

ists, who naturally make the most of those interesting points of

structure which they have brought to view, and which approxi-

mate the Gymnosperms to the Vascular Cryptogams. But the

question whether Gymnosperms are a part—the earliest and

.:!—of the'great class of Dicotyledons, or whether they

an independent class or primary group, must be deter-

mined by broad and general considerations of the whole structure.

Xowthetmi sition from <i ,,.t,i,-*t to Angiospermous Dicotyledons
is obvious and apparently real. If no transitions are extant be-

tween the Gymnosperms and Cryptogams, and if

—

as is clear—the
former are ti nous in structure, and
have greater affinity with the Angiospermous Dicotyledons than
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f have with the Monocotyledons, then the fcaxonomist would ap-
' to have good

^

groin i- iding tliat the proper division
be vegetable kinu'dom is. first into bioim ro</<ih,i<i and Cri/j/to-

na ; then the former into M.,,„>,;,tyl. ,!.,„* and bo „/,,/. ',/.,.

,

s
,

i these last into Ggmnosp, rms and - \nyi_nsp, mis. a. <;.

7'Ae Paleontological Origin of those trees ami shrubs iiidi-

>us to the south of Fram-e, rrh'o-h an sins'.tir, to Frost in <'ohJ

'U'S (Sltr P Orhtinl ,>,ihu,t,, In,, :,,„;. ,tr.)- by ClIAKI.KS My U-

i, 1877, 4to. Extr. iron. Men,'. Aead. Unntpellier, torn, ix, pp.
L -'•-!.—Prof. Martins oaves a list of in of those w lv plants

r'u
. 1 thi< t v,., !| ( .,,t i„, r , ist, v Id. i h ok place in Berl n, on the 29t

class are everywhere rare, and especially in Germa
have gone out of fashion, all attention being turne

y. when- the

few of mark.

Braun, Carl Scbimper, Agassiz, and Engt hnann.

were transferred to our own soil ; the latter is now

vivor. Three of them went soon to Munich, when
linir, Pollinovr, and .Martins wen- teaching; but I.

;., as fellow-students at

The first two 1. As by the man
siz with Braun's sister. About t he time that Dr. Ei

to the United States, Braun was made professor,

Zoologj in tin polyterhni soli* 1 ' < rlsridn 1 1846 he tool

v. '

T-.-l' wasealledto Berlin, :is the successor to Lii

taking charge of the Botanic Garden as well as oi the professor
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ship. Although he had nearly reached the age of 72, and felt the
I his years, yet he w.r a»iduoush attending to his

• - when he was si.ii
i
;, disease

of the chest, terminating fatally. Although learned in almost
every department of his science, his forte, like that of Agassiz,
was morphology, and his systematic work mainly among the
higher and some of the lower Cryptogamia. M'i,:<;!in, /.*»/..>-,

('intra, etc. Although his communications to the scientific jour-

als began as early as the year 1822, when he was only 17 year-

Id, his first contribution to science of much extent, and of high
" " memoir on the arrangement of theami permanent vali

scales of pine-cones,, etc., published in 1830. With this publi

tion began the present knowledge of phyllotaxis. It is v,

understood that the first steps were taken by his fellow-studc

Carl Schimper, and that the early investigations were pursued
common by the two. Bur d nothing,

; and < ontemporaries ; hut

uicl became classical

ent of vegetable mor-
phology and development was'manifested in his next large paper,

viz: in his mem »ir . itith ! [Rejuvenescence in Nature.
in tl e life and development of plants. This was first pui

Leipsic in 1851, and an Eng-

n to Species, etc.,

; Berlin, an tion by a pupil

of mine, was mainly reproduced in this journal (May and Sept.,

1855). He reaches the conclusion—which would now be more
expressed—" that the individual appears in its full

import only in the higher steps of the series of created beings."

In his systematical w oi k, Braun was exceedingly laborious, ]
r-

i. conscientious. When we add that 'Throughout the

it -mould have her, the most productive years of his

life, he was overtasked with orricia! duties and, cares, we shall not

wonder that much which he hoped to accomplish is left undone.
His work upon J/,.-, ../,'•,/. /'//,// ,.•;,/. and A.„As may be essen-

tially complete. But his prolonged studies of Chara, which
began forty years ago, and the completion of which would have
crowned his career, have probably not been finished, or brought
into such form that the results may be fully secured.

His influence as a teacher is said to have been great ; as an
investigator he stood in the first rank among the botanist- of oar
time ; as a man his simple, earnest, and transparently truthful

character won the admiration and love of all who knew him.



Notice of Recent Works on Vegetable Paleontology; by L.
quereux.—Professor O. Hkk;; has added a fourth 'volume to

Arctic Flora, a noble supplement to a great ;ui.l justly cele-

tives in the middle part of Europe, ana part

and the Carboniferous, from those studie.

; describes species

i>l >///>/ /. nn.l thr ' '•>;• hi '•', «. with a new genus

established •.
i r!y related t

by one specie- . ;;iv. in the upper part of the for

and none in tl Fhis Bmall p
ous plants of Spitzbergen ditfers in its eharactei

Island, which, referable to the Subcarboniferoiis I

tain Lime-toi . - >arated by Heer in two difl

<"„/,„„ ,7, s r« //-/>/'/ 1 11 ..,/./ f.^p. .-i. - of r„, •,//„

^:7'/,s'. one >)<//• unpfi'rix, the only plant or a typt

species of Spitzhergen, and the halanee. largv J

genera L".,hl.,>/> ,,-h'»i<. /\V</v/". Cg.-lut'Jgnm.

related to tvpes considered in Europe as ivpr

flora of the Culm and in America of the

Crrdhqdo^s and /'-/,.
7
^/-/.< are of a still J

rarely •' and in tl. - : >carl> > it avuis ^i this coi

ion is important a- ivcordiii'j; for the plants

Arctic regions a distri

niz< d in tic.- temperate zone ot hoth Europe and

The Jurassic flora of Cape Boheman in Spitz

species, is SU] me volume by

and of Ea- — species, w
the Juraxie fl. >ra - t El -lau 1 i m irked l»y si:

„_. of Boheman;
rboniferous flora, an ana

reduction, Heer . f t
.

he char"

:ers of those nor- «*«$« "*f
n that as long as

t s of the Polar

dons, we coufd not really argue upon the analogy of the floras
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over a whole continent at a given period of time. From the Car-
boniferous to the Miocene inclusive the same relation is remarked
in the plants of the continent, of Europe, and so far as the floras

are known, in that of America from the 40th to the 80th

degrees of latitude. In tracing analogous or identical types from
tin Carboniferous k>ra of Portugal, from the Jurassic

i Italy, to those of the same form
Greenland and Spitzbergen, we can derive reliable conclusions in

regard to the charact . - ot tin vegetation of these epochs over
the whole northern i i

«

i : i i

-

j

1 1 n re, i, not over the whole world.

Of the deseii] l n-. ot tin mi h-s <> il «-< dm ,--:< pi n ts ii tit

fourth volume of the Arctic Flora, of the perfection of the figures

with which they are illustrated, it is not possible to m
too high commendation. The more common types, that of the

(rinkf/o, of the BaienK while especially represented by numer-
ous figures, are restored in theii ;

;rs. Anew
genu-. C.v/v,tmrskii ', related i a, lias two
species exposed in their different organs by two full plates oi

figures. JiUii ,:i tomjifoli.l. (i'.nl.'jn ,/l '

/ ,V',; I :\Y U
J
,|Vm ill , d ,Oh

leaves, tl u - an 1 I'rui s, tli fructifi tioi oi tin (iinh /o i» i ig

very similar to the small C<ir>i;<>i-nr}»i8 of the Coal. One of its

species, Podoz<unite* lart<-<-ol«t)tx is, in its leaves, remarkably simi-

lar to the one described as I'ti.-rojtln/U.Hiii / Iln/J<.„;i in the Cre-

taceous flora of Nebraska.
A few vegetable remains of the Cretaceous of Cape Staratschio,

already mostly known as deseril>ed in a former volume, constiiuti

the third ear:, a very short one, of three pages and half a plate

The fourth part is a supplementary description of seventy-

one .Miocene spech - Irzberg* a :

Cape Lyell, the Scott Ulucier, and Cape Hei-r. The relation

between' the plants of these localities is indicated by a com-

:r being common to

Cape Lyell and Scott Glacier, and seven found also at Cape
Heer, which has only fifteen species for its flora. Considering

the whole group altogether we find it related to the Greenland
Miocene flora by twenty species, to that of Alaska and Sitka bv

eleven, five of which are also present in Greenland; to that of

twenty-one, and to that of the Upper Lignitic of the

Ii ck\ M'ouni . is. the < arbon and tin- Green liiver groups, by
seven. This relation is more than sufficiently close to prove con-

temporaniety of the formation, even with the North American
Mi « , :

! . iu'h th mm; ». i of identn d si»« i i« - ma\ ipp< n sin 11.

It is even more evident than with, the European Miocene ;
tor t he

Tertiary flora of this last continent is now known by more than

duding even th Lower I.i-nitic

know seam i\ as man; hundrc ! from the North Amer-
s. Therefore the conclusions taken in

:

floras are valid in the same degree for the Miocene. The essen-

tial types of the vegetation of this epoch are the same over the
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whole northern hemisphere, modified, however,
already rem; ii cuinstances .

distant latitudes. For tin- Spitzbergen Miocene fl

of Ficus, nor any kind of Laurinete. It has, howi
? representing, probably, the highest degree c

Ohio, for . van.ple, while tin- Tertiary Horn of the Western Terri-

tories, Colorado, and Wyoming, has from the Eocene to the upper
group, the Pliocene of California, representatives of species now

: he shores (Jnif . : Mexico, and extending even as far

south as Cuba and New Mexico.
The description of eight species from Disc.., with two plates of

-.'closes tli is fourth part of the Arctic Flora. The
>p. • h> are m.»ll\ referable to Jurassic types.

The volume under consideration has been prepared from speci-

mens collected b\ the Swe.lish Polar expeditions in the years 1872

and 1873. These specimens were examine d by I leer and described
"-"

but the publication of the wort then ready has been

meanwhile, the celebrated Professor has undertaken the

preparation of the floras of the <.l
'tiom "f

Switzerland, beginning with that of the Carboniferous, just

L* The second part, that of the Jurassic, is complete

also, and ready to appear. The Carboniferous flora repre-

sents the plants of the Anthracite of Vallais, a formation of very

limited extent. The general character of these plants is that of

deranceof i
•

'//•/'.''"'''.«, i'-»j>'-

ris, etc.; the Calamarbt a i 1 the < »*'"!?>*, wlmh the author con-

siders as Conifers. A number of species of Ltpohultwhon and

Sr,; ><: . H'd a- it lias ,,bo >,,<'„ „o,,.-,,v.s

hiVfoUu, tnfoli.Hhi. etc.. tin- largo Ab.ihuph.st*, -1. mn-u*,",

.v ///;, „„„;', tt>r, pi»ri',„f>, wi :.

-

• .

point of view, 18 rather that of
*

is. But it has one species of \\,ih-t,m \y !,.•;,.

with some ferns, Pecoptt •
•

are mostly.'
'^ l]i

-J"
the Permian, and therefore rlie ';' " lc

age of the formation have part of 'V "

,

'

•

,-..-_
h!, is the presence, upon the i«J

'-

•

. • -
• -•

.. ; -.-.'"
drawn and elongated on one side of the pinnae while they are con-

* Flora fossilis Helvetia Erste Lieferung. Die Steinkoblenflora. Zurich.
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tracted or shortened and enlarged on the other. The fossil plants

- lit exactly the same appearance, the dimor-

phism of the ferns being there still far nion dNiiu \\\ marked
than in the species figured by Heer, and the nervation rendered

quite as obscure by the superposition of the coating of hard coaly

matter, a, don of the epidermis by heat. I

haw tried to explain the deformation of the ferns, as a result of a

slow movement of upheaval in successive undulations oi the strata

as it is remarked along the beach of Newport; a movement
winch. wld in a soft state, caused an exten-

sion or traction to one side, and therefore this peculiar deforma-

tion of the leaflets when placed on one side of the line of the force

of upheaval. Another r markable coincidence is, that Xevropte-

rtH iilphin St., a very rare -pecies, found in Europe only in the

nd.. is found also at Newport, and lias not

measures. The (.'arh .infer, us flora oi IIe< r contains descriptions

of one hundred species, seventeen of which are consid-

ered, ;l s new by the author.

Professor Heer has, it seems, opportunity to study plants of

most of the geological formations of Europe, and indeed his pro-

found knowledge of fossil l.otanv seems to render every work
related to this science an easy task for him. lie has aKo recently

]• u 1.
1'-'.

.

] a pamphlet on sou,, idennian plants o1 Hungary,* and

there d, mt'i'. . - one s.orh- of /,''/<". -«. one of IlmOn ,n<i, two Vott-

zia, one Sclu ::<>!< ,,;.<. 'with six r,„'/«./,7/„* ; these all new species.

The work exposed in this short review, and which scarcely repre-

sents two years of the labors of the celebrated professor, would

make an honorable record for a whole scientific life.

Another Europea _ rt, C< unit Saporta of Aix, enjoy-

ing a degree of celebrity as high and as well merited as that oi

1 in the study of the fossil plants

of the different formations of Europe, has lately with the assist-

ance of his friend. Dr. Marion, published the Pliocene flora of

B\ th< t > positioi oi ti isit o h.nns traced to liv-

ing ^pcci— oi tn -.one cun'ry. t h i - fl. ra is like a link between
the vegetation of the .Miocene' ami that of the present time, and

thus affords evidence on the succession and modification y\ \ eg-

s which has not been ohtained elsewhere until now.

The workf describes thirty-two species splendidly illustrated,

most of the figures h. >. a representation of

the living species to which the\ ai eompa d id nth d or

, of this ivlati n giv. - subjects

for iii - > \ ]lU in in i- t > i .
L

bota dsts, if not more so. We And in it a species of Zb,v
.

/, a

genus out of Europe now. but present in ( aliiornia ; / ; '>""**

a,-, ,•<»,/,:.< var. <•„ „.;,„/;„ intimately related to, if not identical

* Ueber Perinische Pfianzen von Fiinfkirchen in Unsjarn, von Dr. i

Budapert, (1876.)

t Recherches sur lea vegetaux fossiles de Maximieux par le Cnmte G. de Saporta
et le Dr. A. F. Marion. Lyon, etc. (1876.)
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with the North American Platemus occiden tails, var. ace

lia. Liquidambar Europmm, a Miocene species without re I:

now in the European flora, in that of our

tinent; in the .. a> the group of Maximiein

Persea Carolinensis ; in the Mayi* <>!«', a spirits similar to

American Jf. yn/jidi/olia ; and still more, one Lyrhnh-ndn.

Till* represented now by our T. pul>es<'ens, and an //>.>• rel

to I. Cassine. Thus, nine species of this group of thirty

Pliocene European species belong by identity or close affinit

the present North American flora, while ten only arc hump
the others being related by nine species to the flora of the C
ry I>i:md> and by tour to Asiatic types.

est for the paleontology of this continent, where only, after >

mieux, material pertaining to a plioeene vegetation have

obtained; first from the Chalk I'duns of the Mississippi, below

mouth of the Ohio, and later and more abundantly from idie i

bearing gravel beds of Nevada County, California. From
last formation fifty species are known, and ten from the fori

number six are already represented in the Lignitie flora oi

cene of Maxiniieux, Phit>n -. L'»p>'-<l'<n>l»'i\ I'< /'*<-", 3I'»ji«

ZyrhKhndron, etc., are all already present in the American :

cene as in that of Europe, and. therefore have not come to us

migration. This subject, however, of transformation and mi

tion of vegetable types is examined with some more details

memoir on the Pliocene flora of California, now in the w:n

publication as a new volume on the Geology of California,

Professor J. D. Whitney. It is, therefore, more appropriate

postpone a consideration of it for the present.

s. Prdimhmni X»te on the I),r,lopno,d of Orymusn,,

Oripnnc r,,j\. sinus ; !•} •' iin Tvm-mi. M ; >. heceiyed .1;

ary 18, 1877.—I beg leave to submit t<» ihe Royal >- < ;ety a !

preliminary note of the n- further proflecul

of my researches "On the Optical Ik-p.-rtm >nt of the Atmosph

with reference to Putrefaction and Infection."

The very remark , . - \p. rim. nr* f \>v lo>>erts, ofilanc

ter, which have been coni Conn, of lires

In some cases j

somplctely rt«

ized by boiling for five --they na\e w

stood the boiling temperature for a tar longer period

Pursuing wi
>iod of experiu:

,i . , „ i,, ; ..a.din .it followed by Professor Cc

[ Lv, e f^i i"iy an eiiomi"U* n~i>Ta

iuous example will serve as
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varying from five minutes to five hours and a half, to the boiling
«. without losing its power of developing life. Two

days' exposur. to a temperature oi r>o
:

Fahr., subsequent to this
treatment, sufficed to develop in it swarms of Bacteria.
The infusion which thus withstood, in one of Dr. Roberts's

"plugged bulbs," the temperature of boiling water for 330 min-
ute-, v, ;.< completely sterilized in three minutes by boilinu it in a

otow neck, and hermeticalh sealing tie !i >k

lion. In the ease of the "plugged bulbs" the ob-
-istance was due, not to the germs of the infusion, but ro

those diffused in the air above it.

I have also pursued my experiments with closed chambers, from
which the floating matter was removed by self-subsidence. With
certain new infusions introduced into this inquiry failure after

eurred, two or three days g, icraih sufficing to fill the
]''" !

;1 and pn.t. -i
; ii.piid> with Bacterial life. The vegetable

infusions i

•

; but a characteristic
feature of the lite developed in i he last three
months was the formation in»>n tl,< ir - iri'ae < of a thick and .1. dv

;. -uin. Precautions tar greater than those found suc-

cessful u year ago failed to protect these infusions from contami-

i resorted to the mode of calcination by an incandescent plati-

pliod with such uniform success in my last inquiry.

The wire was brought close to its point of fusion, the period of
inc;in escence was doubled, and ext >i

"
ia - < u was taken to

ward off" infection by a ring of cotton-wool. The care proved
for, in despite of it. $ .red in the in-

; afterwards.

) reproduce the result- with ;

ase and i

ly concentrated by cvap
<r : they ;l re as clear as distilled water. But in my re-

giments, where the care bestowed far exceeded that

-ary in m v last inquirv. the animal infusions, like the

rthe most oart. into putrefaction.
_'•*> ith i

. boiled and scaled

.re (I would empha- c re was no

- my ol the animal infusions.

ery possible s

nation I was able finally to maintain some of the most refractory

i. m i losed chambers
'-'' ' v

'

'
:

'

.
.

- : i ' - '

: '
'

•

It is to be not, q t h; (t , rli.^t ,\p i m i
'- u rl i- i e ">

m harmony with all the results of the former one, and

;
.

• -. . ,; . ,
.

. •
.

imer results showed itself in any marked
ins f this die a lance?

: by reference to the
" illusions, which were begun early an I
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anil varied later on. By practice such a mastery ov< r these infu-

sions was at length attained that, though the same method of ex-

periment was undeviatingly pursued, I could contradict or cor-

roborate, at will, the observations of Dr. Roberts and Professor

On analy; ilts, it was
found that, in almost every case where five minutes' boiling suf-

ficed to Bter infusion, the hay employed was
mown in 1876, while in almost every case win-re the greater re-

sistance :«) sterilization was shown, lhe hay was mown either in

1875 or some previous year. The hay found most difficult to

sterilize was from Colchester, and it was five years old.

To the d ig of the germs of the old bay by
time I ascribe this singular result.

An experiment on artificially dried peas, a- compared with the

same peas undried, is not without instruction. After boiling for

an hour or so, the undried peas become tasteless, while the dried

ones retained a considerable amount of flavor. After a couple of

hours' boiling the undried peas rendered t];v water in whieh they

were immersed thickly turbid, the liquid surrounding the dried

peas remaining at the same time perfectly clear. The dried peas

were it ndi n i
- it. but many of the green peas were reduced by

two hours' boiling to a mere pulp, the mixture of which with the

water rendered it muddy.
The com] oved l1i;it

tli ir juices, which are an essential factor of their individuality,

and probably also of their power of germ
the surrounding water. On the other h

water which embraced the dried peas i

the exchange of matter between the pe

which they were immersed. The experi

the fact that even with four or five hours'

sible to make the specific gravity of the sa

sensibly greater than that of water. The
of the "old hay thus indicated being share.

to the hay, endowed them, I doubt not, w
of resistance.

Experiments have also been made wil

cially at temperatures varying from 14t

count of which shall be communicated ii

Th.-" different samples of hay employe

were introduced in succession into the !aborat-..r\

Institution, and th -v ended b here of the

place go a which, under ordi-

nal , circumsta i. -s, w« re n ore than su ri n t to s

effectual. „ . _ ,

• to the friendly action of the President of the Royal

Society, I w as ei tblul to .-cape irom thi- ut -, '
re to a purer
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air. I had a series of tin chambers constructed, which were not
permitted to enter the Royal Institution at all, but were taken

m the tinman to Kew Gardens. They were mounted
in the excellent laboratory recently erected there by the munifi-

cence of Mr. Jodreli. In this new position the insuperable diffi-

cult, s encountered in London disappeared, and tli experiments
followed the course of those described in my last investigation.

Two of the chambers gave way; but on being scrutinized thcy

were found leaky. Five sound chambers, on the contrary, re-

stances which had given me so much trouble in London. Infu-

sions exposed to the common air at Kew became rapidly rotten.

A fuller account of these researches shall soon be submitted to

the Royal Society. In prosecuting them thus far 1 have been

verv ablv assisled bv Mr. C'ottrell and his junior colleague Mr.

Frank Valter.—Proc. Roy. Soc, vol. xxv, No. 177.

9. On Heat as a <i< ,;,</' >•!> ,rj,, „ ,//,-,• <>,,':.., u<, us!,/ irr / l'.J;

by John Tyndall, F.R.S. Received Feb. 14, 1877. (Letter

addressed to T. Ii. Iluxlev, Ksq., S^-. R. Soc., and dated Feb. 14,

1877.)—In my "Preliminary Note;' communicated to the Royal
Society on the l*th of January, various infusions were referred to

as manifesting an astonishing resistance to sterilization by heat.

informed that

favorable opi

indicated.

It will, I think, now interest you to learn that the most obsti-

t. t of the infusions referred to in the " Note " have been since

rendered tractable by the application of very simple means. Fol-

i >f the germ theory, I have been
able, even in the midst ot a v. aosphere, to

sieniixc all the infusions by a temperature lower than that of

It is known that the prolonged application of a low tempera-

ture is often equivalent to the brief application of a higher one

:

:
.

ments here referred ...
I 5 ,v -

.
,sity. This,

however, is not the case. The result depends solely upon the

The seer

ferred to t!

: a.~
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'(lore the latent period of any of the germs has been
completed (say a f< \. the infusion),

I subject mr a briel interval to a toiii] »erat uro u 1 1 1* li m.iv be under
that of boiling water. Such softened and vi\ iried germs as are on
the point of passing into active life are thereby killed ; others not
yet softened remain intact. I repeat this process well within the

interval necessary for the most advanced of those others to finish

their period of latency. The number of undestroyed germs is

further diinini-du'd by" this second heating. Alter a number of

repetitn ns, which \ iries uitli lla character of the germs, the infu-

sion, however obstinate, is completely sterilized.

The periods of heating need not exceed a fraction of a minute

in duration. Sum them up in the case of an infusion which they

have perfectly sterilized; they amount altogether to, say, five

Boil another sample of the same infusion rontnmoiKiy

for fifteen or even sixty min I
hize it, althougj

the

tenfold

• temp, rature is higher ami its" time n( a: plication more tt

ifold that which, discontinuously applied, infallibly produ

In a few weeks 1 hope to bring this entire subject under the

notice of the Royal Society.—Proc. Boy. Soc, Feb. 1, 1877, vol.

xxv, No. 178, p. 569.

III. Miscellaneous Scientific Intelligence.

1. National Academy of Sciences.—At the session of the Na-

tional Academy, held •
•--"• '<" < t,ie to! -

lowing new members were elected: Elliott Ones, I. S. A.,

Washington, D. C. ; John W. Draper, New York; Henry I taper,

New York; S. H. Scudder, Cambridge, Mass. ; C. S. Peirce, Cam-

On the determine expansion of solids;

magnets; by A. M. Mayer.^ declinationa . by B. C. PicKe

Micrometer-level and topographical camera; by E C. Pickeki

On the young stag B
i "/ ALEX -

AGASs

The results of deep-sea dredgings ; by Alex. Agassiz.

On critical periods in the history of the earth, and their relal

and on the Quaternary as such

On the structure of the crystalline lens, and its relation to

;allic spectra ; by (

l^the effect produced by mixing white with colored

l Newton's use of the term indigo with reference tt

tern'al structure of the earth as affecting the phe

published in vol xiii, Smithsonian by J. G. Babjtaed.
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i solar spectrum analysis ; by S. P. Langley.
by J. J. SYl

c sulpho-acids ; by Ira Ri

of the Union Pa

2. Excrrn !-,, Roi-ktf Xr<»uitain region.—
A paper on the>e deposits, in Nevada, by H. W. IJenshaw (Proc.

Acad. Sci Philad., 1877, 39) sustains the view of Prof. Cope, that
they were mn.ie l>y tin- b'.^-eare.i rats, a specie-; of Neotoma, and
probably JV. cinerea. They consist of vegetable matter, as shown

the volume on Zoology,

irt have a bitumen-like
look, and others vary from this to pill-like excrements. In a

crevice of the rocks one deposit had a depth of two feet, and con-

- . small twigs and some birds' feathers. "The mass was
the accumulation of years, and had served as a nest.

Throughout was a large amount of hard droppings from which
the urine had passed, and whose nature was unmistakable. The
urine. <Lar_..| with i certain iimuiti t . i vxrv men it io us matters,

leposits." Water or

the urine has carried the portions it could dissolve down the faces

of walls and deposited it on shelves where no animals without
wings could reach, and sometimes on the roofs of cavities. All
the regions where these deposits occur are inhabited by the Neo-
toma, which sjetarian.

3. Fourth Annual Report of the New Jersey State Board of
for the year 1876. 196 pp. 8vo. Trenton, N. J.—

account of the Green sand beds of the State by Prof. G. H. Cook
th I! mi villi se. i" k, ii 1 le"t iiler.1 I >< ipt .

-.

alyseaofthe green sand and clayey marls. All belong
to the Cretaceous, excepting the upper laver'of the Upper Green
sand, which is Eocene Tertiary. The value of the green sand
marl, in agriculture, is treated of at length. There is also an
account of the .Miocene Tertiary marls of the State.

4. Primer of Chemist,-,/, !>,'
. :,.,, ., , ,/y.v/.s ,• i,\ A. Vacheb.

108 pp. 12mo. London, 1877. (Churchill).—The "author states

that this little book represents ten years' experienee in teaching
the rudiments of chemistry ami analysis. The term unit replaces
atom and mo/..-,,/,, ;lli ,I .;„,>/„„/,,/ M .n ,., ii, place ..f r-nli.-n, and
the student is left to guess at the meaning of atomic weight and
equivalent, these terms book. Theecfenee
is compressed into a small compass, but the condensation passes
the limit of clearness. b. s.

5. Correction.—Comet b, 1877, was discovered by Winxk, ke.
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