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ISOSTATIC INVESTIGATIONS AND DATA FOR GRAVITY STATIONS IN 
THE UNITED STATES ESTABLISHED SINCE 1915. 

By WILLIAM BOWIE, Chief of’ the Division qf Geodesy, U, S. Coaxt mnd (?pndetil: S ~ L T V ~ .  

INTRODUCTION. 

In  the investigations of isostasy carried on by the U. S. Coast and Geodetic Survey de- 
flections of the vertical and values of gravity have been used. Reports on these investigations 
have been made from time to time as they have progressed. 

The first two reports were the F m r e  of the Earth and Isostasy from Measurements in the 
United States, and Supplementary Investigation in 1909 of the Figure of the Earth and Isostasy. 
These were followed by Special Publication No. 10, ‘Effect of Topography and Isostatic Com- 
pensation upon the Intensity of Gravity; Special Publication No. 12, same title as No. 10 
(second paper) ; and Special Publication No. 40, Investigations of Gravity and Isostasy. 

In addition to the reports of the Coast and Geodetic Survey, some phases of the investi- 
gations have been dealt with by the author in papers which hare appeared in scientific journals. 
“he principal ones of these are: 

Our present knowledge of isostasy from geodet.ic data, July-August, 191i, Journal of Geology. 
Some geological conclusions from geodetic data, Proceedings of the National Academy of Sciences, January, 

The relation of isost.msy to uplift and eubsidence, American Journal of Science, July, 1921. 
The theory of isoetaey-A geological problem, Bulletin of the Geological Society of America, June 30, 1922. 
The earth’s crust and isostasy, Geographical Review, October, 1922. 
The yielding of the earth’s crust,, Annual Report of the Smithsonian Institution for 1921. 

Although the theory of isostasy had to be considered by the Coast and Geodetic Survey in 
connection with its geodetic work in order to eliminate, or at least reduce in size, the deflections 
of the vertical and the gravity anomalies, it was soon found that the importance of this inter- 
esting subject was of a more general na.ture. In fact, there are many problems of geophysics, 
including geology, in which isostasy must play an important part. The writer has endeavored 
to show the relation between isostasy and cettain geophysical and geological phenomena and 
processes in the papers referred to above. 

In  this report it  is believed advisable to have each of the geophysica.1 or geological phases 
of the investigations treated more or less fully under a sepafrate heading. This is to enable the 
.reader to get axlearer word picture of each of the several subjects without having to read 
through the whole test. This way of treating the various questions involves an occasional 
restatement of some of the facts disclosed by the investigations, but this seems to be inevitable 
if we are not to sacrifice clearpess for brevity. 

I t  should be understood by the reader that the processes inT-olved in the establishment or 
maintenance of isostatic equilibriun can not explain the formation of a mountain system or, 
in fact, an) major change in elevation of the earth’s crust. It should be remembered, however, 
that any large active region of the earth’s crust undoubtedly remains in isostatic equilibrium 
during uplift or subsidence. 

One of the most important geological conclusions from the isostatic investigations seems 
to be that the predominating movement involved in the formation of a mountain system is 
vertical and results from the expansion of the material of the earth’s crust beneath the affected 
area. 

1921. 
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2 U. S. COAST AND GEODETIC SURVEY. 

Part I of this report is devoted to a discussion of the geodetic data used in the isostatic 
investigations and the conclusions resulting from these investigations. In Part I1 of the 
report are given the gravity data which have been accumulated in the United States since 
the publication of Special Publication No. 40. These two volumes contain all available data 
except for several stations in New Mexico and Colorado occupied during the season of 1922. 
&ing to an accident to the gravity apparatus it will be necessary to reoccupy one or more of 
those stations before definite values can be assigned to them. 

In the investigation covered by Special Publication No. 40, 42 gravity stations established 
in Canada by the Dominion Observatory at  Ottawa were used. This added much to the value 
of the results of the investigation. The data for the Canadian stations appeared in publications 
of the Dominion Observatory, Vol. 11, No. 10, 1915, and Vol. 111, No. 9, 1918. 

One of the important results of recent isostatic investigations has been the discovery that 
the greater part of the larger gravity anomalies and deflections of the vertical are probably due 
to the presence of abnormally light or heavy material close to the geodetic stations, and there- 
fore do not indicate the degree to which blocks of the earth’s crust may depart from isostatic 
equilibriun. It is very desirable that many gravity stations be established in the United States 
in critical areas in order to study more in detail the equilibrium of the crust. 

There is needed very badly an apparatus which will enable an observer to obtain the value 
of gravity with much less time and cost than is involved in using the pendulum apparatus. 
The pendulums give very acc.ur&te results, but the equipment is heavy and about four stations 
per month are as many as can be occupied. The geophysical laboratory of the Carnegie 
Institution of Washington is now at work upon a new form of gravity apparatus which the 
director of that laboratory hopes and believes will give the requisite accuracy with a very 
short period of observations. Prof. A. A. Michelson, of the University of Chicago, has also 
designed a new form of gravity apparatus which is now (February, 1924) being constructed 
under his supervision. It is espected to give the value of gravity to one part in one million. 
A sketch of the apparatus furnished by Professor Michelson shows a long horizontal quartz 
beam cemented to a glass base. To the free end of the beam is attached a silvered glass. 
Variations in the depression of this glass under different values of gravity are measured by a 
special form of inberferometer in which a divided ray of light undergoes multiple refection, 
thus increasing the sensitiveness of the instrument. 

It is hoped that the time may not be far distant when nn appara.tus will be available for 
making gravity observations at  sea. It is desirable that the uncertainty of such observations 
should not be very much larger than those on land. The average gravity anomaly on land is 
about 20 parts in 1,000,000, and it seems desirable that the unc.ertainty in the work at sea 
should not be greater than about one-half of that amount. 

The writer wishes to espress his appreciation of the assistance rendered him by C. H. 
Swick, mathematician of the division of geodesy of the Coast and Geodetic Survey, who has 
had direct charge of all of the office coniputations of the observations fur standardization of 
the pendulunis.at the base station and those mtlde a t  the field stations for which data are given 
in this report. He also has had direct charge of the coniputations of the effect of topography 
and compensation on the value of gravity and has assisted the author in the editing of the 
manuscript‘ of this paper. The observers who made the observations atr the base station and 
at  the field stations were trained by him in gravity work. Mr. Swick is the author of the manual 
for gravity observations and computations, entitled “ Modern Methods for Measuring the 
Intensity of Gravity,” U. S. Coast and Geodetic Survey Special Publication No. 69. 

The author also acknowledges the assistance rendered by W. D. Lambert, mathematician 
of the U. S. Coast and Geodetic Survey, in criticising certain parts of the test. He wishes to 
express appreciation of the excellent work done by the several observers in the field and by the 
mathematicians who assisted Mr. Swick in the computations. 



Put I.-ISOSTATIC INVESTIGATIONS. 

ABNORMAL DENSITIES IN EARTH’S CRUST DISCLOSED BY GEODETIC DATA. 

The geodesist hm found that the water surface of the earth approximates a spheroid-a 
mathematical surface. In order that it may be so the densities must be approximately the same 
throughout any given shell of the earth. We do not know the law of change of density with 
the depth,but we do know that the average density of the earthis about 5.5 times that of water. 

Although the geodetic measurements, based upon triangulation, and the astronomic ob- 
servations used in deriving the shape and size of the earth have been made over lad areas, yet 
the gravity observations made on islands and also on the oceans by Hecker, B e g s ,  Duffield, 
and Nansan show conclusively that the shape derived from land observations is practically 
correct for water areas. 

If there were no irregularities of the surface of the solid earth, the water would stand at a 
uniform depth over the whole earth. (See p. 17.) Then the plumb line would at all places be 
normal to the spheroid or mathematical surface, and the vdue of gravity would be the same for 
points having the same latitude both north and south of the equator. The value of gravity 
would increase uniformly north and south of the equator due to changes in the mass attraction 
of the spheroid and to changes in the centrifugal force. 

The surface of the earth instead of being a regular mathematicnl one is irregular; but we 
fiud that the surfwes of the oceans and the imaginary sea level continued under land areas do 
form a surface closely approximating the spheroidal one we should have were there no irregulari- 
ties. 

For any large mea the plumb line will, on m average, be normal to the spheroid: also the 
values of gravity along a given parallel of latitude will be very nearly the same after applying 
corrections for the elevations of the stations above the geoid or sea-level sirface. The value of 
gravity necessarily decrertses as we increase the distance from the center of attraction of the 
earth. Geodesists have made searching investigations to learn the cause or causes cf the devia- 
tions from normal directions of the plumb line and of the variations of gravity along any parallel 
of latitude. 

It was soon realized that the land masses above sea level and the deficiencies in density of 
the water in ocean basins as compared with equal volumes of surface rock would cause 
irregularities; but corrections applied for the effects of these excesses and deficiencies of mass 
still left irregularities. There is some additional cause for these irregulmities in the geodetic 
data. I t  must be in the outer portion of the earth, for stations, both deflection and grsvity, 
only short distances apart are afFected differently. If the cause were deep seated, such, for 
instance, as variation in the density distribution 1,000 miles below the surface, tli*m all the 
geodetic data for an area-say, 300 miles square-would be affected by nearly the same amount. 
This we do not fhd. The logical assumption is that there are abnormal densities of materials 
in the outer portions of the earth. 

The geodesists have made computations on the theory that at some depth below sea level 
the pressure for a unit area will be the same regardless of the character of the earth’s surface 
above. On this assumption the density of the outer material of the earth would be less under a 
high portion of the surface than under a low one. The computations have confirmed the 88- 
sumption (the theory of isostasy) to a remarkable degree. They have shown that at least the 
greater portion of the abnormal densities exist in the outer 100 kilometers (60 miles) of the earth. 

3 



4 U. S. COAST AND GEODETIC SURVEY. 

These isostatic computations have reduced the anomalies in the geodetic data to from one- 
seventh to one-tenth of what they would be if there were no such irregularities as the theory of 
isostasy postulates. The small anomalies which now remain may be due to lack of Un;formity 
in the .distribution of the abnormal density and to deviation from uniform pressure on the 
imsginary surface, but probably they are mostly due to very abnorma.1 densities of materials 
close to the geodetic stations. 

The significant facts relating to isostasy axe: The sea.-level surface of the earth is vary 
nearly a spheroid; the distribution of density with depth is about the same dong all rndii of the 
earth; the irregularitics in the directions of tmhe plumb line and in gravity values are due to 
causes near the earth's surface: and these irregularities are largely due to the uneven surface 
of the earth and devktions from normal densities in the earth's materials extending to a distance 
of the order of magnitude of 100 kilometers (about 60 miles) below sea level. 

SHAPE AND SIZE OF THE EARTH. 

If the earth were not rotating and its materials were homogeneous with respect to depth- 
that is, if at any depth there were uniform densities around the whole earth and if the mate- 
rial were plastic-the actual surface of the earth would be a true sphere. This condition would 
be brought about by the attraction on each other of t.he.particles composing the earth. The 
earth, however, is rotating and, due to the centrifugal force, the surface of the ideal earth men- 
tioned above would be a mathematical figure called a spheroid of revolution.* 

As a matter of fact the earth's surface is irregular, due to the heterogeneous densities in the 
crust and to a degree of viscosity, at least in the outer mass, which resists the tendency of the 
material to arrange itself in stmta each with a uniform densit.y. If the earth's materials were 
highly plastic, the mountains mould flatten &d their materials would spread over the continents, 
while the nirrterials of the c0ntinent.s mould flow out to the oceans and a11 irregularities in the 
earth's surface would disappeau. The wnt.er of t.he oceans would t.hen spread out over the whole 
earth and have the same depth at all places. This is not strictly true, for equipotential surfaces 
at  different altitudes we not parallel, but t.he deviation is estremely small. 

If sea-level canals were cut into t.lie existing land areas of the earth, the surface of the 
waters of the oceans and of those connecting sea-level canals would form a figure of equilibrium 
very closely approximating a spheriod of revolution. The deviation of this imaginary surface 
from the mean spheroid of revolution would be a maximum of possibly 100 meters. The 
maximum deviations would occur under great mountain masses, such as the Andes, the Hima- 
layas, and the Rockies. 

The fmdamental problem of the geodesists is to determine the shape and size of the sea- 
level surface of the earth. This can be done only by making astronomic observations and 
connecting the astronomic stations by accurate measurementRl over the earth 's surface by means 
of triangulation or direct measurements. The shape, but not the size, can also be obtained 
from gravity measurements. Triangulation has been carried on in most of the countries of 
the earth for the purpose of controlling surveys and maps and for locating boundary lines 
between nations and political subdivisions of nations. This triangulation and the connected 
astronomic stations have been used extensively in determining the figure of the earth, but it 
has been hund that this determination was not as simple a matter as, theoretically, it should be. 

If the earth were not rotating and if there were no other disturbing influence, all that 
would be necessary in determining the figure of the earth would be to observe the astronomic 
latitudes at two widely wpara.ted points on a meridian and then obtain by triangulation or direct 
measurement the distance between these two places. A certain difference in latitude in degrees, 
minutes, and seconds and a certain distance between the two stations would be obtained. 
The measured distance would 'bear the same relation to the circumference of the earth as the 
angular distance between the two stations would bear to 360'. F'rom these data the c i r d e r -  
ence of the earth could be computed and therefore its diameter. On account of the fact that 

1 See F. Tisseraod, Trait6 de Wcaaique CCleste, Vol. 11, Chaps. VI. VII. XITI, XV, and XVIII. 



ISOSTATIC 1,NVESTIGATIONS. 5 

the earth is a spheroid and not a sphere the problem is not quite so simple, but if there were 
no irregularities of the surface and no deviations from normal density at any depth, the problem 
still would be an easy one to solve. It would only be necessary to have three or more astronomic 
stations along a meridian with measurements between them. With these data the elements 
of the ellipse, which is the meridional section of the spheroid, could be computed. 

The confusion which arose in the early attempt to derive the figure of the earth from astro- 
nomic observations and triangulation was due to the presence of marked differences of ele- 
vation within or near the area where the measurements were made. About 65 years ago, 
in the determination of a figure of the earth from triangulation and .astronomic observations in 
India, i t  was found that the length of a degree of latitude varied greatly from place to place. 
Thesuggestionwasoffered that this was caused by the attraction of mountain masses and plateaus 
on the plumb line to which all astronomic observations must be referred. When corrections were 
applied to the astronomic observations in order to allow for the attractive effect of the land 
masses and for the effect of the deficiency of mass in the ocean basins, i t  was found that devia- 
tions of an opposite sign resulted. The conclusion was then reached that there are deficiencies 
of material under mountains and excesses 
under the oceans which also affect the astro- 
nomic observations and to a certain extent 
neutralize the attraction of the mountains 
and the lack of attraction of the oceans. 
This conclusion was well received by geo- 
desists and geologists and was frequently 
mentioned in literature on geophysical and 
geological questions. One of the early in- 
vestigators of this matter of the deficiency 
of material under continental and moun- 
tain masses and the excess under oceans 

Survey. In an article entitled “ On Some of 
the Greater problems of physical Geology, 
which was read before the Philosophical So- 
ciety of Washington on April 27, 1889, he gave the name “isostasy” to this balancing of 
topography by deficiency or excess of mass below sea level. 

FIG. 1.-Relation olgeoid and spheroid. 
was E‘ Dutton2 Of the u’ s’ Under an island the geoid will have an upward bulge with relation 

to the spheroid. The lines AA’ and CC’are normal to the gwid and 
thelines BE’ and DD’ are normal to the spheroid. ThC angle between 
each pair of normsls is the deflection of the vertical at that point. 

RELATION BETWEEN SPHEROID AND GEOID. 

The geoid is the form which would be taken by the surface of the oceans undisturbed by 
meteorological cond.itions and the tidal forces of the sun and moon. If sea-level canals were 
extended over the continents, the average position of the surface of the water in them would 
coincide with the geoid. The water surface.over the oceans and in the continental canals 
would a t  all places be at  right angles to the plumb line or resultant direction of the attractive 
force exerted by the earth’s materials, including the water of the oceans, combined with the 
centrifugal force due to the earth’s rotation. 

Owing to the irregular surface of the earth the geoid surface is irregular. It inclines up’ 
ward from the oceans toward the continents and large islands. Within a conti- 
nent i t  inclines upward from a valley toward a plateau or mountain. 

It is impracticable to obtain equations for the surface of the geoid, due to lack of data. 
Besides, if sufficient data were available, and equations were derived, it would not be conve- 
nient to make use of the geoid in the computations for the geographical positions of objects; 
but it is practicable to derive a mathematical surface, a spheroid, which will be a close approach 
to  the geoid. For the area used in computing the spheroid the geoid surface will extend above 
the spheroid in some places and fall below it in others. 

(See fig. 1.) 

a Bull. Phll. Soe. of Washington, Vol. XI, I s m ,  pp. 5144. 



6 U. S. COAST AND GEODETIC SURVEY. 

The shape of the earth has been derived many times from data obtained in various parts 
of the earth’s surface. The values agree in showing t.hat the earth has a form which deviates 
but very little from a spheroid. Various dimensions of the earth and the flattening, or relation 
of the equatorial radius to the polar semidiameter, are given in many books and reports on 
geodetic subjects? 

In  the investigations reported on in The Figure of the Earth and Isostasy, it  was shown 
that the total range of the geoid surface below and above the spheroid for those portions of the 
United States considered is 373 meters, about 124 feet. It ‘may be assumed t.hat for this area 
the actual maximum deviation of the geoid from the spheroid is only one-half this amount, 
or 19 meters (about 63 feet). 

The area of the United States is about 3,000,000 square miles and that of the globe is 
about 197,000,000 square miles. It would not be justifiable to predict that no greater deviation 
of the geoid and spheroid, surfaces will be found in other areas, yet wha.t is found in the United 
States is a good indication of what may .esist elsewhere. It is probable that the geoid is above 
the spheroid by as much as 100 meters under great mountain masses like the Himalayas and 
the Andes. 

The deflections of the vertical are derived from t.he differences between astronomic nnd 
geodetic latitudes and longitudes. These deflections enable us to compute the inclinat.ion of 
the geoid surface to that of the spheroid. It is well known that the plumb line, to which 
astremomic observations are referred? is deflected toward land masses and away from large 
bodies of water. Notable examples of this are found on t.he island of Port0 Rico and in 
Turl.;est.a.n. In  the former the plumb lines at  Ponce and at San Juan are drawn t,ogether 56 
seconds, .corresponding to a distance of about 1 mile on t.he eltrt.h. These two places me only 
33 miles apart in the north and south direction. Deep water lies both to the north and south 
L this island. 

The distance 
bet.meen two astronomic stations which are connected by triangulat.ion is 65 miles in the north 
and south direction. The plumb lines at these two stations n.re drawn aw7ay from each other 
by 76 seconds, corresponding to almost 13 miles on the earth. To the nort,h and sonth of t.he 
valley are mountains which cause t.he disturbance. 

The method employed in computing the deviation of the geoid from the spheroid is set 
forth on pages 57-65 of The Figure of the Earth and Isostasy. If t.he deflection of the vertical 
or tilting of the geoid surface is 20 seconds of arc at a station where the geoid and spheroid 
surfaces intersect, and should this tilting continue without change for 40 miles, the two surfaces 
at the latter place would be 20 feet apart. The two sides of an angle of one second deviate 
1 foot at 40 des. 

Along an arc of triangulation there are usually many stations at  which the deflection of 
the vertical has been determined. Therefore, the variations of the geoid surface can be 
computed. A simple method is to assume that the tilting of the geoid at a station continua 
one-half the way to the next deflection station. 

Let it be assumed that in an arc of triangulation there are a number of deflection stations 
exactly 40 miles apart. Let the stations be numbered 1 to 10 and let the midway points be 
numbered the same as the preceding station with the letter “a” added. In the second column 
of the table following are given deflections of the vertical. Let it be assumed that the plus 
deflections indicate a tilt upward of the geoid surface in the direction of the increase in the 

The other notable deflect.ion of the vertical is in n Talley in Turkestan. 

1 Among them are (1) John F. Hayford, The Figure of the Earth and Isostasy from Measurements in the United States, U. S. Coast and 
Qeodetii Survey; (2) John F. Hayford, Supplementary Investition in 1908 of the Figure of the Earth and Isostasy, U. S. Coast and Geodetic 
Survey; (3) Willlam Bowie, Special Publlcatlon No. 40, Investigations of Gravity and Isostasy. U. S. Coast and Geodetic Survey; (4) R. S. Wood- 
ward, Smithsonfan Geographical Tables; (5) F. R. Helmert, Theoriecn der Haheren GeodMe: (6) Arthur D. Butterfleld, A History of the 
Determination of the Figure of the Earth from Arc Measurements. Worcester, Mass.. 1m (7) Mansfield Merriman; The Figure of the Earth, 
New York. 1881: (8) a p t .  (now Col.) 0 .  Perrier, La Figlire de la Tam-lea Grandea OpBpations GBodesiques in Revue de QBographie Annuelle. 
Tome II,lWE. 
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Station. 

numbers. The changes in the distance between the geoid and spheroid surfaces are shown in 
the fourth column, and the accumulated change is shown in the last column: 

Deflettlon. - 
From sta- 

tion, t~ 
station. 

-~~ 

- 

From sta- 
tion to 
statfon. 

Amount. 

1 .......... 
2 .......... 
3. ......... 
4.  ......... 
5 .  ......... 

........... 
1 - 1R 
18 - 2 
2 - 2 a  a -. 3 
3 - 3a 
3a - 4 
4 - 4a 
4 a - 5  
5 - 5 a  

+4 

+S 

+ 12 
+I6 

+?4 

Fcrt. .......... 
+? 
+4 
+4 
+6 
+6 
+R 
+8 
+12 + l? 

2 

3 

4 

5 

- 

Accumulated change 
between surfaces. 

6 

16 

30 

50 

Atststion. Amount. 

Ffrl. 
11 O 

statim. 

6. ........ 
I . .  ....... 
8. ........ 
9. ........ 
10. . -. . - . . 

Deflfrtion. 

+18 

-10 

0 

+20 

+ 40 

Accumulated change 
between surfaces. 

At  statim. Amount. 

Frrt. 
71 

I5 

10 
80 

110 

EFFECT OF ISOSTASY ON GEOID SURFACE. 

The effect of a mountain mass in tilting the geoid is greatly lessened by the isostatic equili- 
brium of the eart,h’s crust. As blocks of the earth’s crust of equal crow section have very nearly 
the same mass, the density of the material of a block under a mountain mass will be less than 
normal. The deficiency of matt.er under a mountain area tends to nullify the effect of the 
mountain mass on the tilt of the geoid surface. Close to the mountain the mountain’s effect 
greatly predominates, but at a distance of about 140 miles the effect of the isostatic compensation 
(deficiency of matter under the mountain) will almost offset that of the mountain. At this 
distance the effect of the mountain is reduced 90 per cent.. This is a very important point, 
and it makes necessary a revision of some old estimates of the extent t,o which continents, 
with their high land, tilt up the geoid surface. 

It has been held t.hat the geoid must be muc.h below the spheroid out in the oceans, but 
this probably is not tiwe. A t  a short distance from the coast the effect of the land masses 
will be offset by the isostatic compensat,ion, and only the irregular configuration of the bottom 
will vary the relative positions of the geoid and spheroid surfaces. 

The effect of the continental shelf may be large, but, as in t.he case of land massea above 
sea level, it  will be offset by the deficiency of density in the material of the block under the 
shelf, as compared with the density of the material of the crust under the deeper water. 

From a consideration of all the evidence, we may conclude that the deviation of the geoid 
from the spheroid is probably not more than 100 meters over a great ocean “deep,” and that 
the area affected by such a deviation is quite limited in extent. Over land areas the deviation 
may be as much as 100 meters under some of the great mountain systems. It will be seen 
that, as compared with the smooth mathematical surface of the spheroid (the mean surface), 
the geoid has bumps and hollows of moderate sizes. If there were no isostatic equilibrium in 
the earth’s crust, the bumps and hollows on the geoid might be from 30 to 40 times greater. 
Considering the insignificant size of the deviations of the geoid from the spheroid we can 
readily imderstand that such deviations are not factors in dynamic and structural geology. 

EFFECT OF REDUCTION FOR ISOSTATIC COMPENSATION ON DERIVED SIZE OF SPHEROID. 

The computed spheroid, which approximates the mean sea-level surface of the earth, 
depends on the astronomic and geodetic observations at  what are called deflection stations. 
The plumb line is always at  right angles to the geoid surface, and therefore a deflection of the 
vertical is a measure of the rate at  whic.h the geoid surface departs from the mean surface 
or spheroid. 

Let us start at the Atlantic coast in the United States at  approximately 39’ latitude and 
work westward. If we assume that the spheroid and geoid coincide at  this coast, then, under 
the Appalachian mountains, the geoid will be above the spheroid. “his is due to the fact that 
the Appalachian mass attracts the plumb line and causes the geoid surface to  incline upward 
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towards the mountain. Beyond the. Appalachian system the geoid will tend to approach the 
spheroid surface because the topographic attraction is greater to the eastward than td the 
westward. The two surfaces will probably come nearest to each other under the plains of thc 
Mississippi River. West of that river the resultant topographic attraction is toward the west- 
ward and the geoid will necessarily be gradually raised above the spheroid. This raising of 
the geoid will increase until the Rocky Mountains are reached, where it will be a masimum. 
Then there will be a lessening of the distance between the surfaces just to the westward of the 
Rockies, and through the western part of the country this distance will increase and decrease 
as the mountain masses are approached and passed. It is probable that the geoid surface at 
the Pacific coast will still be somewhat above the spheroid. 

If corrections are applied to the astronomic observations for the effect of topography and 
isostatic compensation, the corrected direction of the vertical will be very nearly normal to 
the mean surface of the earth. In  consequence of this method of computation the humps or 
ridges of the geoid would be smoothed out, and the coniputed spheroidal surface would be a 
mean of this smoothed-out geoid, rather than of the actual one. The final outcome of this 
process would be to make the smoothed-out geoid surface for the United States a few meters, 
proba.bly not over 10 or 20, closer to the center of the earth than the average distance of the 
actual geoid surface. We are considering land areas only, for i t  is only on these that we have 
geodetic data from which to compute the spheroid. 

The only way to derive from triangulation and astronomic observations the mathematical 
surface or spheroid for the whole geoid would be to have connected trian,plation. over all the 
earth. This is not possible., because the great land areas are separated by large bodies of water 
across which geodetic measurements can not be made. It is very probable that the process 
of eliminating the local deviations of the geoid caused by the attraction of the topography 
and compensation for the area of the United States has enabled us to obtain a spheroid which 
represents the mean surface of the earth very much closer than if we attempted to compute 
the mean spheroid from the actud uncorrected geoidal surface. 

. It is worthy of note that the Hayford spheroids, derived from United Statcs data only, 
have dimensions which are greater than the most reliable of the previously derived spheroids. 
In the derivation of the othcr spheroids isostatic compensation was not considered, but it was 
by Hayford. If in an area used in deriving a sphcroid the central portions have much higher 
elevations than the margins, and if the efl’ect of toplg-itphy and isostatic coinpensation is not 
considered, thc dimensions of the spheroid will hc! less than when the area has its greater chva- 
tions near the margins. 

It is believctl that, if the isostatic method were applied in the coniputation of the spheroid 
in each of a niiniher of large separated arcas, the derived spheroids would have a very close 
agreement. It seems cqually certain that they would differ considcrahly if derived by the 
older methods. 

GRAVITY FORMULAS OF 1912 AND 1917. 

In t h  gravity investigations of which Specitd Publicat.ion No. 13 is a report, u new gravity 
formula was derived which uppeared to agree more c:losely with the conditions in the United 
States than did the Helmert formula of 1901. The new formula is (see p. 25, S p & l  Publi- 
cation No. 12): 

yo = 975.038 (1 + 0.0c)S304 sin? t#I - 0.000007 sin2 24) 

As the second term of this formula agreed so closely with thibt. of the Hclmert formula, 
the Helmert value wus adopted, thus making whtit is referred to its t.hc Coast ant1 Geodetic 
1912 formula (Bowie formula No. I), which is as follows: 

yo = 978.038 (1 + 0.005W2 sin2 t#I - 0.000007 sinz 26) 

The “isostatic anonialies” are derived f r ~ i i i  the use of this formula. It is tlie basis of the 
isostatic anornalies in Special Publications Nos. 13 and 40, and also in this publication. 
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In the gravity investigations covered by Special Publication No. 40, a gravity formula 
was derived from 348 stations of the United States and other countries. 

yo = 978.039 (1 + 0.005294 sin2 #J - 0.000007 sin* 24) 

It is- 

“his, the 1917 formula (Bowie formula No. 2))  is very nearly the same as the 1912 formula 
derived from stations in the United States alone. The two do not differ enough to warrant 
its use in making the gravity reductions in this publication. It is probable that there will be 
available many more gravity data in the near future from which, in conjunckion with data 
now existing, a gravity formula can be derived which will be so near the truth that all gravity 
results can be reduced by it when making isostatic investigations. By holding to the 1912 
formula the data given in this report are comparable with similar data in Special Publications 
Nos. 10, 12, and 40. 

HELMERT FORMULA OF 1915. 

In 1915 Helmert derived the following formula: 

g,= 978.052 [1+ 0.0052S5 sin2 4- 0.000007 sin2 24+ 0.000018 COS%#I cos 5(X + 17O)] 

in which 4, as usual, is the geographic latitude and X is the longitude from Greenwich, east 
longitude being positive. The formula corresponds to a spheroid with t.hree unequal axes, the 
shorter equatorial axis being in longitude 73’ east from Greenwich and the longer, which esceeds 
the shorter by 230 meters, in longitude 17’ west of Greenwich. The reciprocal of the mean 
polar flattening is 396.7f0.4. The mean value of gravity over t.he sphere is 979.771 dynes. 
The formula is based upon 410 stations in all parts of the world selected for being neither too 
near to the coast nor to mountainous regions and upon certain coast stations which were givm 
reduced weight. 

The coefficient of sin2 24 is based on the theoretical calculations of Darwin and Wiechert.6 
It corresponds to a spheroid of revolution in hydrostatic equilibrium. This spheroid is not an 
exact ellipsoid of revolution, but in latitude 45’ is depressed about 3 meters below a concentric 
ellipsoid of revolution having its equatorial and polar axes coincident in length and direction 
with those of the spheroid. 

The const st,ations were used in determining all other constants except the first one, which 
from const st.ations alone hiid the special value of 978.068 dynes. The precise number of coast 
stations is not given. The formulu., when the first coefficient is used as 978.052, represents 
gravity reduced by the free-air ‘method for stations in t.he interior and not in mountainous 
regions. 

This formula of Helmert is somewhat different from the Coast and Geodetic Survey formulas 
of 1912 and of 1917, both in the value of gravity at the equator, namely, 978.052, and in the value 
of the second term 0.005255. As Helmert did not apply the theory of isostasy in deriving his 
formula, it will not be used in this publication. 

There are 134 stations in the United States, not on the coast and not in niountainous regions, 
treated in Special Publication No. 40. The mean freeair 
anomaly with regard to sign for those stations is +0.012 dyne. It is noteworthy that this is 
within 0.002 of being the difference between the first t,erms of Helmert’s forniula of 1915 and of 
the 1915 formula of the Coast and Geodetic Survey. 

Helmert derived his longitude terms from stations which were not reduced for the effect 
of topography and compensation, nor was any account taken of the decided effect of recent 
sedimentary matter on the value of gravity. “he writer believes that the effect of all local 
influences should be eliminated from the gravity da.ta before using them for the determination 
of the shape of thc earth. If each coast station were affected by the smie amount, then we 

(See pp. 64 and 65 of that paper.) 

4 Sitzungsberichte der Giiniglich Preussischen AMernie der Wissenschaften, No. 41 (1915). p. 676, entitled “Neue Formeln fur den V e r I d  

b 0. H. Darwin. “The theory of the figure of the earth carried to the yecond order afsrnall quantities.” Month. Not. Roy. Astr. Soc. Bo (lm), 

E. Wiechert. “Ueberdie Ildas4envertheilungim Innern der Erile.” Nuchr. v. d. Kon. Ges.d. Wiss. zuGi5ttIngen. Math.-phys. KI. lM, Zdl. 

der Schwerkraft irn Merresniveau h i m  Pestlande.” 

p. 82. Also Scientific Papers, Vol. 111, p. 78. 



10 U. S. COAST AND GEODETIC SUBVET. 

would be justified in using uncorrected values of gravity for the derivation of the longitude 
terms, but an inspection of coast stations clearly indicates local disturbances. Island statiom 
differ from main coast stations. 

PROPOSED FORM OF GRAVITY FORMULA. 

"he complete gravity formula really should be of the form 

go = g (1 + C, sin' 4 - C, sin' 24) + H +  T+ Ct -t D, 

where go is the value sought, g the gravity a t  sea level at the equator, C, and C, are constants, 
4 the latitude of the station, H the correction for elevation of the station above sea level, T 
the .correction for topography, Ct the correction for isostatic compensation, and D the correction 
for abnormal densities in the material close to the station. The last correction can not be 
derived with any great certainty, because the volume and shape 'of the extra light or heavy 
matter can not be accurately determined. T h e  correction IT is negative for all stations above 
sea level, while the corrections T, C,, and D may be positive or negative, 

A careful consideration of the literature on the subject of gravity reductions will convince 
one that the gravity anomalies based upon a gravity formula which considere the sea-level 
eurface as an ellipsoid of revolution are functions of the reduction for topography and campen- 
eetion and to a certain extent of the geological formation on which the station is locatd. 
In brief, a gravity anomaly is caused, to a large extent, by something local, and probably not 
by the earth's figure having three unequal axes instead of two. 

SOME PROBLEMS OF ISOSTASY. 
The theory of isostasy postulates that at  some imaginary surface below sea level and con- 

aentric with it the preasure on equal areas is the same throughout. To what extent is thia 
theory true and what is the minimum c1y)88 eection of the column above thie surface that will 
be in equilibrium ? There have been advocates of the theory that the unit column has e very 
amall crose section. Othem maintain that the c m s  section must be equivalent to the are18 of 
the United States or a large part of it. 

Other problems connected with the theory are: What is the limiting depth within which 
the compensating deficiencies take place, how is the deficiency (or excess) of density distributed 
with respect to depth, and is this deficiency directly under the topographic feature or ie it 
regionally distributed 8 

The first comprehensive investigation of the theory of isostasy was made at  the-U. S. 
Coast and Goodetic Survey by Dr. John F. Hayford when he was in charge of the geodetic 
work of that bureau. His results are contained in publications e of the Coast and Geodetic 
Survey and in articles in the scientific press. 

Many facte in regard to the distribution of material in the outer portion of the earth may 
be ascertained by a study of geodetic data. Some of the fundamental principles involved in 
this work are outlined below. 

Let us consider the method employed in determining the figure of the earth; that is, by the 
combination of astrononiic stations and triangulation. For simplicity let us assume that there 
is-only one mountain mass affecting the station, and that this mass is an extra load on the 
earth. The astronomic station is affected by the mountain mass and, in consequence, the plumb 
line will be deflected toward the mountain. Its direction depends upon the relative attractions 
of the rest of the earth and of the mountain. 

It will be readily seen that, the actual water surface of the earth formed by the oceans wd 
the imaginary sea-level canals, mentioned earlier, will be tilted upward toward the mount&. 
The direction of the plumb line to which all astronomic observations must be referred will be 
normal to the water surface and not to the mean or mathematical surface. 

It may be thought that if we compute and apply a correction to the astronomical observa- 
tions to account for the attractive effect of the mountain we would obtain a direction of the 

'John F. Hayford, Flpim d tho Earth ax1 Iaortnsy from MmaWemmts In the Unlted Btatcls, and Supplementary Inmttgatlon In loo0 of (hr 
pbum of the Earth and I~ostasy, U. 8. Coast and Geodetic Survey. 
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plumb line a t  the astronomic station normal to the mathematical surface, but this is not the 
case. After applying a correction for the mountainJs. attraction the corrected direction of the 
plunib line will be deflected awuy from the mountain. It would appear, therefore, that this 
correction to the astronomic observation is too great. If we now assume that the mountain 
mass affecting the particular astronomic station under discussion is compensated by a deficiency 
of mass in the column of the earth's crust under it equnl in amount to the mountain and com- 
pute its effect on the astronomic station, we shall obtain another correction of the opposite 
sign to that due to tlie attraction of the mountain mass. If this second correction is also 
applied to the astronomic. observations, the corrected direction of the plumb line will be nearly, 
if not exactly, normal to the mean surface of the earth. 

Instead of a single mountain mass affecting the direction of the plumb line at  a station we 
have many such masses, as well as the other continental material and the deficiency of matter 
in the ocean basins. For each station the resultant effect or" all disturbing masses out to 
about 3,500 miles and of their compensation is determined. The conibined effect of the more 
distant topography and its compensation is negligible. 

The methods used in making these computations are described very clearly and fully in 
Figure of the Earth and Isostasy from Measurements in the United States, mentioned pre- 
viously, and need not be treated in this paper. 

Hayford in his investigations in the determination of the figure of the earth assumed t,hat 
there is uniform distribution of compensating masses with respect to depth, that the compen- 
sating masses are directly under the masses which are above sea level, and that the compensa- 
tion extends to a uniform depth. He also computed the effect on the astronomic stations of 
the compensation distributed to various depths. In  his first publication on the result of his 
investigations Hayford derived the value of 113.7 kilometers as the most probable depth of 
compensation. In his second paper 8 he derived the most probable depth as 133.2 kilometers. 

These depths were obtained by a study of the outstanding differences between the latitudes, 
longitudes, and azimuths secured by triangulation and those resulting from the astronomic 
observations. The computed depth on this assumed hypothesis of uniform distribution will 
probably be changed somewhat in any area when additional data are used, and it will no doubt 
be different in different large areas. It is equally true that the uniform distribution of the 
compensation is not a demonstrable fact but a logical assumption by the mathematician to 
facilitate the computations. 

The depth found by Hayford is in each of his investigations the one which most nearly 
eliminates the deviations of the plumb line from the normal to the mean surface of the earth. 
It is an average depth for the whole group of stations. 

If we make 
an assumption with regard to tlie distribution of niaterial and that assumption applies to all 
astronomical stations in every part, of the world with equal esactness and causes the resulting 
deflections of the vertical to be ahnost entirely eliniinctt,ed, then we can snfely conclude that, 
although this assu.mption may be artifical and somewhat different from the actual state of 
affnirs, at  the same tkie it is a very c.lose approsimation to the truth. 

A nuiber of assuniptions can be made with regard to the manner in which the compensab 
ing deficiency or excess of material is distributed with respect to the depth. First, it may be 
assumed that tlie distribution is uniform; second, that the conipensation is greatest in the 
outer portion of the earth, gradually decreasing to zero at  lower depths: third, tsliat the com- 
pensation is small new t.he surface, gradually increasing to a masimum at a reasona.ble depth 
below sea level and then gradually decreasing to zero; fourth, that the compensation is confined 
to a zone of certain thickness-say, 10 or 20 miles-nnd that this zone is u t  different depths 
below the surface. 

The writer believes that, regardless of how the compensation is actually distribut,ed, the 
only logical distribution to assume is one which will have the center of attraction of the com- 

Let us consider the depth of compensation and the distribution of material. 

Coiiibinations of these various distributions may also 'be assumed. 

Flgum of tho Earth and Isostasy from Measwements in the United States. 
8 Supplementary Investigation in leOg 01 tho Figure of tho Earth and ISMtaSY. 
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pensation somewhere between 30 and 50 kilometers below sea level.” This opinion of the 
writ.er has been strengthened by a statement by Col. Sidney G. Burrard, former superintendent 
of the Trigonometrical Survey of India. In an article appearing in The Geographical Journal, 
London, July, 1920, page 51, he made the stat,ement t,hat.: 

The attraction at the surface of this uniform distribution (down t.0 70 miles) is nearly the same aa the attraction 
of a compensation which is all concentrated at 25 miles deep (approximately 40 kilometers). 

If we should plot curves representing various methods of distributing the isostatic com- 
pensation with respect to depth, with the c.enter of attraction at or dose to 40 kilometers, we 
should find that the average of all the possible assumptions would be approximately uniform 
distribution. It may be mid that the method of distribution, if i t  is a rational one, has very 
little effect, on the fundamenta.1 conclusions reached from investigations in isostasy. This is 
due to inherent difficulties in evaluat.ing the depth of compensation and the distribution of the 
compensating material. There are heterogeneous densities, a t  least near the outer portion of 
the earth, which in some cases materidy affect the direction of the plumb line and prevent a 
rigid mathematical determination of t.he depth and t.he distribution of compensation horizontally 
and vertically. 

Before Doctor Hagford severed his connection with the Coast and Geodetic Survey he and 
the writer began investigations in the subject of the effect of isostatic compensation on the 
intensity of gravity. These studies were carried on by Doctor Ha-yford and the writer in coopera- 
tion for a few years after tahe former left the Coast and Geodetic Survey and later by the writer 
alone. The results have appeared in publications of the Coast and Geodetic Survey and in 
scientific journa1s.l0 

The investigations of the effect of isostatic compensation on the intensity of gravity have 
led to practically the same conclusions that were reac.hed from a study of the effect of isostatic 
compensation on the deflection of the plumb line. The most probable depth of compensation, 
if the compensation is assumed to be uniformly distributed with respect to depth, was found by 
the writer to be approsinmtely 96 kilometers. This value is the mean of the one determined 
from observations made at  gravity stations in mountain regions, 95 kilometers, and the value 
97 kilometers derived from deflection investigat,ions by Hayford also for stations in mountain 
regions. It is believed 95 kilometers is the strongest value obtainable from the existing gravity 
data in the United States, because the determination was very much more sensitive than a deter- 
mination in regions of low relief or for the whole country. 

There is one very important mathematic.al-principle involved in the gravity work, namely, 
that the attraction on a particle by a plate of material of uniform density and of limited uniform 
thickness but of large horizontal dimensions is independent of the distance that the particle may 
be from the plate. I t  is readily seen that for reasonable distances of the particle above the 
plate the same principle would practically hold if the plate has limited horizontal dimensions. 
This is yery interestring, as it shows that for a plateau-say, 5,000 feet in elevation and 1,000 
miles in diamet.er-the attractive effect of the material above sea level is approximately the 
same as the negative effect of the isostat.ic compensation. The same principle applies to a coastal 
plain with an elevation of only a few hundred feet above sea level. It is evident that the o b s m d  
value of gravity on an extended plateau or plain should be nearly normal if a state of isostasy 
exists, and therefore the effect of the compensation will be approximately the same regardless of 
how far the defic.iency estends below sea level and how it is distributed, provided it is not 
atended so far as to make the depth of compensation no longer s m d  in comparison with the 
horizontal estent of the plateau or plain. It is for this reason that a depth of compensation 
computed from gravity observations in a flat region will have great uncertainty. 

ILLUSTRATION OF ISOSTASY. 

It is difficult at times for one to visualize the isostatic condition of the garth’s crust. It may 
help somewhat to consider a simple illustration. Let us take equal masses of a number of diffep 

#‘‘Ow present knowledge of Isostasy Itom geodetic evidence.” July-August (1917) Journal of Geology, p. 437. 
Sea especially U. 8. Coast and Geodetic Survey Special Publications Nos. 1912, and 40. 
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ent metals having different densities but none greater than that of mercury. Have the several 
masses of nietal cast into prisms of the same cross section. All the prisms will have the same mass 
and the same cross section, but they will diffe.r in length inversely as their densities. If we 
should place these prisms in a vessel partly filled with mercury, one alongside of the other, we 
should find that as each prism has the same mass, the same cross section, and will displace the 
same amount of mercury, the lower bases of the several prisms will be in t,he same plane. The 
upper surfaces of the prisms will project differ- 
ent amounts, thus forming a very irregula.r 
surface. (See fig. 3.) The lower surfaces of 
the prisms define what may be called the 
depth of compensation. Now, suppose we 
should, in imagimtion, cut the earth’s crust 
into blocks by vertical planes and let the 
bases of these blocks be 60 miles below sea 
level and each 100 miles square or, if preferred, some larger or smaller square. Let i t  also be 
supposed there is no resistance to the vertical movement of a block with relation to the adjacent 
blocks by reason of friction or other causes. According to the theory of isostasy each of the 
truncated pyramids will have the same mass, each will have the same area of its ba.se, but the 
lengths of these figures will vary considerably. Therefore, the average density of the matter in 
each truncated pyramid will be a function of tshe length of the block. We may express the 
above relations by a simple equation : 

F I G .  Z.-Anillustratlm ofisostasy. 

V D  = c! (a constant). 

Thst is, if the volume, T7, of one of the hloc.ks under consideration is greater than normal, the 
density, D, of the material in it must he less than normal. If the volume is less than normal, 
the density will be greater. 

Now, suppose the truncn-ted pyraluids of the earth were placed in a liquid or very plastio 
substance. of somewhat greater densit.y t.lian the earth’s crust. The lower bases of the blocks 
would form a smooth surfnc.e, while the tops of the blocks would form an irregular surface. 
The hloc.ks would project amounts inversely proportional to the density of the material in them. 

Although tlie isostatic balnnce of the earth’s crust is nearly perfect, i t  is somewhat mis- 
leading to speak of the percentage of the completeness of the isost-akic compensation. We may, 
hcnvcvcr, safely express ns n pe.rcentage the reduction of the de.fle.ct.ion of the vertical and the 
gravity anomalies by the application of the theory of isostasy. 

It has been shown and stated that the application of the theory of isostasy h.m reduced the 
deflections of the vertical to 10 per cent of what t,liey are on the theory t.h,zt the earth is rigid, 
and, similarly, has reduced the values of the gravity anomalies t.0 from 10 to 15 per cent of 
what they would be if the earth were c.onsidered rigid. 

DENSITY OF MATERIAL BETWEEN EARTH’S SURFACE AND DEPTH OF 
COMPENSATION. 

Thcrc has been inucli confusion ns to just w1ie.t is the stand of the geodesist.s in rega.rd to 
densities in the earth’s crust. In  isnst.atic investign.tions t.1m-e is 110 need to use. L nunie.rioal 
value for the o.verage density of t,he materials of t.lie. earth’s crust for any block. What is 
attempted is to weigh by indirect niethods tlie differenc.es in miss or deviations from the nor- 
mal average density of the vrwious iniaginary bloclrs into which the crust niay be divided. 
For instance, if P is the average density of t>he crust under the coastal plains, then the theory 
of isostasy postula.tes that the a.vernge densitry of the materhl of the crust under the land 
masses is less than D and under the oceans is greater than P. 

There are certain normal or average densities for the various zones or layers of material 
below sea level, and geodesists are concerned simply with the deviation from these unknown nor- 
mal densities. It is generally accepted that the density of the earth increaseswith the depth, but 

t 322696 0-41--2 
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it is readily seen that, as far as the computation of the effect of isostatic compensation is con- 
cerned, only the deviations from the unknown normal density need be considered. 
‘ The whole theory of isostasy is based on the idea that the mean density of a unit column 
of the earth’s crust times its volume is a constant, and therefore that the mean density of these 
columns of the same cross section, all extending to a certain depth below sea level, will vary 
inversely as the volume. Consequently, under a mountain mass the column will be longer, the 
volume greater, and the density less than normal; under the coastal plain the density and volume 
will be normal; and under an ocean the column will be shorter, the volume less, and the density 
greater than normal. From the geodetic evidence we must wnclude that these conditions are 
substantidy true. The minimum area of the cross section of the column that may be inde- 
pendently in equilibrium is not known, but it is very probably less than 200 miles square, and 
it may be less than 100 miles square. 

TOPOGRAPHY COMPENSATES ABNORMAL DEN- W ISOSTATIC SHELL. 

The Geographical Journal for July, 1920, contains a paper on isostasy read by Colonel 
Burrard before the Royal Geographic Sooiety.ll In  the general discussion at  the end of the 
paper is a statement by R. D. Oldham in whic.h he emphasizes the importance of stating clearly 
whether mountains are compensated by the deficiency of material in the oolumns under them 
or whether they are the compensation of the light material in the columns under them. It is 
the writer’s belief that a mountain mass is the result of the lighter material in the column under 
it, rather than that the deficiency of density in the column is due to the mountain mass. Like- 
wise, the oceans compensate’the excess of density under them. It is true that in America 
geodesists. have spoken of compensating deficiency of material under the continents and com- 
pensating ex- of material under the oceans as the result of the presence of the continental mass 
above mean sea level in the one case and of the ocean volume with deficient density in the 
second case. However, the writer wishes to go on record as being in favor of the theory that 
the mountains and the omans are the result of the deficiency and excess of density, respec- 
tively, in the columns under them. 

The wiiter believes that it will be most convenient to continue to speak of the compenstl. 
tion of land masses and the deficiency of the mass in the oceans, but, with the explanation 
given above, the reader will not be misled into believing that the isostasist holds that the 
continents and oceans are the causes and the “isostatic compensation” the effect. 

RELIABILITY OF GEODETIC DATA. 
There has been doubt in the minds of many geologists and geodesists as to the reliability 

of the data used in the isostatic investigations and of the conclusions that hake been reached. 
The isostatic investigations involve both observations and computations. The observations 
are accurate beyond doubt: in fact, they are more accurate than are necessary in carrying on 
the investigations. For instance, it  is quite certain that the error of an observed deflection of 
the vertical is seldom greater than 0.”5 of latitude or longitude, and the error of an observed 
intensity of gravity is seldom greater than 0.003 or 0.004 dyne. We may conclude, therefore, 
that the observed data are correct. 

The method used in computing the effect of topography on the deflections of the vertical 
and the accuracy of the coniputations are discussed in much detail in Dr. Hayford’s books 
on the figure of the earth and isostasy already referred to. The accuracy of. the computed 
topographic effects as applied in the gravity reductions is discussed. fully in Special Publication 
No. It is not necessary to quote from these publications, since they are readily available 
to any one who wishes to study in detail the question of the accuracy of the topographic cor- 
rections. The writer believes that he is ‘justified in stating that these topographic corrections 
can be accepted as reliable and accurate. 

. 

They are accurate physical measurements. 

11 “A brief review d the evidence on whlch the theory of isostssy is based,” The aeographieal Journal, July, 1920. 

U John F. Hayfwd and Wllllem Bowle, Effect of Topography and Iwrrtatic Cmnpensatlon upon the Int8nsIty of Ondty, Spec. Pub. No. la, 
8ee footnote on p. 10. 

U. 8. Cast and Qeodetlc Survey, 1912. 
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If we accept the statement that the observations and the computed topographic correc- 
tions to the deflections of the vertical and to the intensity of gravity are correct to the required 
degree of accuracy, then there is left only the question of the reliability of the isostatic correc- 
tions. 

RELIABILITY OF COMPUTATION OF ISOSTATIC COMPENSATION. 

When geodetic measurements were corrected for the visible land Inasses and the deficiency 
of material in the oceans, there were outstanding differences that showed decided relations 
to  the character of the topography in the vicinity of the various stations. Isostasy was the 
theory advanced to esplain the presence of these outstanding differences. I n  order to make 
the computations to test the theory of isostasy, some simple method had to be adopted. The 
most logical method seems to be the one used first by Hayford and since by others working in 
the geodetic field. The method is based on the assumptions that isostasy is complete; that 
the compensation is directly under the topographic feature, whether land or wa.ter ; that the 
compensation is uniformly distributed vertically : and that i t  est.ends from the surface of the 
earth to a uniform depth below sea level. 

Computations were made on this theory to obta.in the effect of the isostat,ic compensation 
on the deflection of the vertical and on the intensity of gravity. The coniputntions were macle, 
first, for a number of deflection stations in the United States, then for several in India, and 
later for gravity stations in the United States, Canada, Europe, and Asia. 

The corrections for isostatic compensation as thus computed were applied to the deflec- 
tions of the vertical and to the values of gravity with the remarkable result that for the area of 
the United States deflection anomalies were on an average reduced to 10 per cent of what they 
would be if there were no isostatic. compensation and the average gravity anomaly to from 10 to 
15 per cent of what it would be on the' rigid-earth hypothesis. These results indicate very 
clearly that the United States, both as a whole and locally, is in practically complete isostatic 
adjustment. 

Now, the question arises, How can we justify the adoption af the methods employed in 
distributing the isostatic compensation? That is the crux of the whole discussion in the sub- 
ject of isostasy. If we can prove to the satisfaction of all that these methods are justified, 
then the conclusions resulting from the computations will carry great weight. 

The only evidence that we can offer as to the relisbility of the cornputation of the effects 
of the compensation is that the mathematical part of the work is accurate. If we are correct 
in assuming that the compensation is complete, that i t  is directly under the topographic feature, 
that  i t  is limited within a certain depth, and that i t  is uniformly distributed vertically, then 
the numerical results of the attraction of the compensation of any feature on the plumb line 
and on the pendulum are accurate; but it may be argued that the method of distribution is 
illogical. This may be true, but the computations on this theory of the distrihution has practi- 
ca.lly eliminated the anomalies a t  gravity stations and at, deflectmion stations, rcxlucing them to 
froin one-seve.ntli to one,-tenth of what .they would have been if thcre hpd been no conipensa- 
tion whatever. When it  is remembered that t.liis method of distributing tlic compensation 
has givcn equnlly satisfactory results in the several countries in diffcrent. parts of the earth, we 
must assume that it is a niost satisfactory hasis for our invest.igat.ion. 

DISTRIBUTION OF COMPENSATION. 

UNIFORM DISTRIBUTION VERTICALLY. 

The uniform distribution of thc compciisaticm seems t.0 he a stumbling block to the nccept- 
ance of the theory of isostusy. I n  fact, the greatest effort of sonie writers in criticizing the 
theory is put forth to show how illogical are the nssumptions postulated hy the geodesist in 
making the computations for the isostatic compensation. I t  is believed that, if thc funtla- 
mental facts, which can not be questione.d, are accepted and the attention is concentrated on 
the variation of densities in the outer portion of the earth-say, to a depth of 60 or 70 d e s -  
there will be less confusion on the subject. 
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It is more logical to think that the compensation is distributed through a long column. 
rather than through a very short one or through a very short section of a column, say, 5, 10, 
or 20 miles in length. In a small volume it would require a rather decided decrease or increase 
from normal densities, especially in c.olumns under high mountains or deep oceans. We might 
assume that the compensation is nearly all confined to a certain part of the column with otmher 
parts receiving much smaller amounts, but the computations show that no matter how the 
compensation is assumed to be distributed its center of gravity’must be approximately 40 
kilometers below sea level in order that the computed corrections may reduce the gravity and 
deflection anomalies to the extent that they are reduced by the uniform distribution. 

Burrard has remarked as follows on Hayford’s method of distributing the compensation: 
“He assumed uniform distribution in depth in order to facilitate computations.” It is thus 
seen that Burrard ‘does not consider that uniform distribut-ion extending to a definite depth. 
was believed in rigidly by Hayford. 

HORIZONTAL DISTRIBUTION. 

The distribution of the compensation horizontally with relation to the topographic features. 
has received attention from those geologists who hold that the earth’s material is very rigid 
and capable of withstanding great loads. It has also received the attention of geodesists who 
have computed the effect of several horizontal distributions of the compensation of topographic 
features. It can not be said that any very definite conclusions have been reached in this 
matter, as from the nature of the case mathematical treatment can not give very accurate 
results. At the same time the evidence is all in favor of limiting the horizontal distribution 
within a reasonably short distance. When the compensation is distributed horizontally to a 
distance of 100 miles in all directions, the gravity anomalies become more discordant than when 
distribut,ed close to the feature.14 

It is difficult to see why a plain 100 miles from a mount,ain should help bear the mountain 
mass. The mountain mass is not picked up bodily and placed on .the earth’s crust, but it is 
formed from the crust, and whatever caused the uplift acted locally rather than regionally. 
Of course, no one would hold that all of the compensation of a single mountain peak or ridge 
is located directly under it and confined within the base of the mountain peak or ridge. The 
compensation naturally ext.ends out some distance, but that it extends for hundreds of miles 
around each large topographic feature is beyond the possibilities. Such an assumption would 
certainly cause the computed anomalies to be large. We may infer from the geodetic data 
available that the compensation is distributed locally under the topographic feature or t,o a 
distance not greater than about 100 miles in all directions. 

McMillan made the statement that: 
From a purely iliathenlatical point of view any set of a finite number of observations of the intensity and direction 

of gravity can be eatisfied not approxin~ately but exactly in infinitely many mays by a proper dktnbution of the 
density in the earth. 

This statement is justified mathematically, but any distribution of the densities that 
would exactly eliminate the anomalies of the deflections of the vertical and of the intensity 
of gravity but that would not be gene.rd in ‘its application would be so artificial as not to be 
reasonable. The writer believes that the only hypothesis that will carry weight is one that 
will be very general in its application. We can not assume one depth of compensation for one 
station or a general group of stations, another for a second group of stations, and so on through 
the list, nor can we assume different distributions of densities horizontally and vertically for 
different stations or groups of stations. This would be merely guesswork, for no one can really. 
tell with certainty what variations there are in the isostatic shell of the earth, except in so f a r  
as they may be indicated by borings and by the exposed rocks. McMillan is correct in saying 
that any general system that applies uniformly can be used only as a first approximation to 
the actual situation, and that ‘ I  depth of compensation” and size of the “ areas of compensation” 

mowledge of is4stssg from geoaetic 
I! Wdlism Bowie, Invastlgstions of Qrsvity and Zsostasy, U. S. Coast and Qeodetic Survey Specinl PubUcatlon No. 40, and “OUT pnant 

Journal of Qeology, July-August, 1917: 
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depend for their successful determination on the vastly more difficult matter of second and higher 
approsimations, and that these approximations can be obtained, if at all, only by a very much 
more dense net .of observat;ions. McMillan also thought it quite likely that the observations 
themselves would have to be still further refined. 

We must remember that the first approximation eliminates nearly all of the anomalies, 
and the second and higher approximations are needed only to perfect the details. They are 
not necessary in the establishment of the theory of isostasy. The first approximation has done 
this. 

The isostatic method used by Hayford, Burrard, ahd the wiiter, and accepted by many 
others, is certainly correct in its general principles and is a long step in advance in geophysical 
science. It is probable that the exact depth of the compensation and the exact Elreti over 
which the compensation of a feature is distributed can never be determined with mathematical 
precision even for local areas. There will always be an error in the result, the size of which 
can not be determined. The writer believes that further refinement of the observations is 
unnecessary, because the outstanding anomalies in deflection and gravity work are large in 
comparison with the probable errors of the observational data. The deflection and gravity 
.data are undoubtedly sufficiently accurate for all studies connected with isostatic compensation. 

We are certainly justified in holding that isostasy has been proved beyond a reasonable 
doubt. In  the words of Col. E. H. Hills, when discussing Colonel Burrsrd's paperr6 

It seem to me that ,Colonel Burrard put the matter very clearly and. proved his case, and what I should like 
now is for the geologists to tell us-which I have ne\-er yet heard a geologist do-how t.his condition of compensation 
really arises. 

DATUM USED FOR COMPUTING THE EFFECT OF TOPOGRAPHY AND 
COMPENSATION. 

It has been held that errors have been made in the isostatic reductions as a result of having 
adopted mean sea level as the datum for computing the topographic and compensation correc- 
tions instead of having adopted some other plane of reference as, for instance, the bottom of 
the ocean or the bottom of the sedimentary rocks. I t  map be well to point out here that there 
would be slight changes in some of the gravity anomalies if the datum plane were changed from 
sea level to some other depth, say several miles below. 

The same reasoning that we used above, in connection with the distribution of isostatic 
compensation vertically and its effect on the intensit.y of gravity and the deflection of the 
vertical, will apply equally well to this question of the datum plane. With mean sea level as 
the plane, the average density of the material in the columns which are under the coastal plains 
with practically no elevation is assumed to be normal, and the density of the material under 
the oceans is greater than normal and under the continents less than normal. We can just 
as readily use a datum plane below sea level, even at a depth equal to the greatest depth of the 
ocean. Then we should have to assume that the material in the column under the deepest 
part of the ocean had normal density and that all other columns had abnormally light density. 
Which is more logical, to assume densities lighter than normal in practically all of the outer 
portion of the earth or to assume that the density is less t.han normal for a part and greater 
than normal for the remainder? 

on the hypotheses of isostasy Prof. W. D. McMillan favored the depth of 9,000 
feet below the present sea level as the datum to which all of the computations should be referred 
in treating the effect of topography and isostatic compensation. This is the depth, according 
to McMillan, to which the earth would be covered with water "if the solid portion of the earth 
were altogether lacking in rigidity and if the concentric layers were homogeneous in density." 

Possibly this depth of 9,000 feet would be a more logical one than mean sea level, but mean 
sea level is something that we can use in a practical way. I t  is the surface of the water of the 

In an article 

15 "A brief review of the evidence upon which the theory of isostasy is based," Geographical Journal, London, Juiy, 1920, p. 55. 
1' J o ~ r n a l  of WOW, February-Msrch, 1917. 
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oceans, and elevations on land can be ea$ly referred to it. As a matter of fact, any equipotential 
surface of the earth or above it could be used as the datum for the computation of the effect 
of topography and isostatic compensation, but it is believed that the results would be the same 
as those obtained by the use of mean sea level as t-he datum. 

COMPLETENESS OF COMPENSATION. 
McMillan states : 
From the fact that the hypothesis of isostasy reduced the sum of the residuals from 65.434 to 8.013, or by approxi- 

mately 90 per cent, and from the fact that the average elevation of the United States is about 2,500 feet, Hayford con- 
cluded that the average departure from complete isOataay in the United States is equal to about 350 feet of rocks. 

On pages 164-166 of The F'iguro of the Earth and Isostasy from Measurements in the 
United States Hayford discusses the subject of the degree of completeness of compensation and 
in a table shows the mean of the topographic deflections without regard to sign for each of 10 
p u p s  of deflection stations. This table also shows the mean residual of solution CT, the one 
which he adopted as the most probable. Except for one group the mean r e s i d d  is only about 
one-tenth the value of the mean topograp5c deflection. For one group of 53 stations of the 
507 deflection stations the mean residual is 42 per cent of the mean topographic deflection. The 
stations of this group are in Michigan, Minnesota, and Wisconsin, an area of low relief, but one 
known to have abnormally dense material a t  various places which would have rather large 
effect on the deflection of the vertical. It is impossible to compute .what the effect of these 
dense rocks is in each case, because it is not known to what vertical depth they extend. 

For the 507 stations considered in the United States the mean topographic deflection is 
32."36 while the mean isostatic residual is 3."04. It is seen that the mean residual is only 
9.4 per cent of the mean topographic deflection. 

Ha-vford stated his conclusion from the evidence presented as follows: 
For the United States and adjacent areaa it is safe to conclude from the evidence just summarized that the isostatic 

compensation is 80 nearly complete on an average that the deflections of the vertical are thereby reduced to less than 
one-tenth of the mean values which they would have if no isostatic compensation existed. One nlay properly cham 
terize the isostatic compensation aa departing on an average less than one-tenth from completeness of perfection. 

Had the depth of 9,000 feet below mean sea level been adopted as a datum plane the 
residuals would undoubtedly have been almost the same as they are with mean sea level as 
the plane, and certainly the topographic deflections would have been almost the same. With 
9,000 feet more material to consider in the topographic computations, there would be as much 
added material on one side of the station as on the opposite side, and the resultant effect of 
the added material would be zero. Similarly, the effect of the isostatic compensation of this 
9,000-foot layer would be symmetrical with respect to the station, and its resultant would be 
aero. The same is true in regard to ocean areas in so far  as the effect on the deflection of the 
vertical is concerned. 

Although it would not affect the topographic corrections to the deflections of the vertical, 
this change of datum plane from mean sea level to 9,000 feet below would affect the topo- 
graphic corrections as applied to the intensity of gravity. All of the 9,000 feet of material 
between mean sea level and the new datum would have a downward pull on the pendulum, 
and therefore the effect of this topography would all be of one sign. 

Them 
would be an additional deficiency of material below the 9,000-foot depth to balance the addi- 
tional topography. The effect of this additional compensation would largely neutralize the 
effect of the additional topography. The gravity anomalies would, therefore, be practically 
the same as those we now get. They would, however, be very much smaller in proportion to 
the greater topographic corrections, and instead of being 10 or 15 per cent of the effect of the 
topography would be only approximately 3 or 4 per cent of this greater topographic effect. 

It is questionable whether Hayford was justified from his deflection investigations in say- 
ing that isostatic compensation departs, on an average, less than 10 per cent from completeness 
or perfection. He would have been justified, however, in saying that the isostatic residuals. 

This change of datum, however, would also increase the compensation effect. 
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are only 10 per cent of what they would have been if there were no isostatic compensation. 
It does not seem possible to interpret this great reduction in the deflections of the vertical in 
terms of matter. On this point McMillan is justified in questioning Hayford’s statemeat that 
isostasy in the United States is approximately 90 per cent complete. McMillan shows that, 
if the 9,000-foot level had been used as the datum for the computations, then the average ele- 
vation of the Unitad States, with reference to that datum, would be 11,500 feet and the average 
departure from complete isostasy on the 10 per cent basis would be 1,150 feet. 

It does seem, however, that we are justified in saying that, for the area of the United 
States, the unit columns for any one of the areas considered by Hayford have, on an average, 
within 10 per cent of the topography above sea level, the same amount of material as the col- 
umns with normal densities, a unit column at the seacoast with the elevation of the surface of 
the column at mean sea level being assumed to have normal volume and densities. This state- 
ment appears to be in accordance with the facts and is entirely independent of the datum used 
for the computations of the effect of topography and isostatic compensation. It avoids the 
question raised by McMillan as to what would be the percentage of completeness of isostatic 
compensation if we should lower the datum surface to 9,000 feet or to some other distance 
below sea level. 

It must be admitted that mean sea level is an arbitrary datum for isostatic computations, 
but McMillan’s depth of 9,000 feet below mean sea level is not entirely logical. The writer 
believes that the most logical datum is one which, after all of the water of the oceans has 
been condensed to the normal surface densities of the solid materid of the earth, approxi- 
mately 2.7, has as much volume above it, occupied by material, as below this surface, unoccupied. 

After all i s  said in favor of one or the other plane of reference we find that it makes very 
little difference in our conclusions in regard to the theory of isostasy what datum is used. All 
that we are striving for is to learn what is the condition of the material in what Willis has 
very aptly called the ((isostatic shell.” Mean sea level i s  as good as m y  other reference sur- 
face, and it has the great advantage that all elevations shown on maps and’ the depths of the 
oceans are referred to it. 

In  the isostatic investigations an attempt is made to weigh by indirect methods the differ- 
ences in mass between different parts of the earth’s crust, each part having the same cross 
section at sea level. These derived differences will be the sanie regardless of the datum used. 

DETERMINATION OF THE DEPTH OF ISOSTATIC COMPENSATION. 

The theory of isostasy postulates a depth within which the compensation takes place. 
If a state of isostatic equilibrium exists, then there must .be a limit to the outer materials of 
the earth which are in a state of stress due to the unequal elevations of the earth’s surface. 

Henry S. Washington has made a distinction between the ‘(depth of compensation” as 
derived from geodetic data and the depth at which loads on equal axeas are the same. The 
latter he calls the ‘(isopiestic depth.” The two depths we not necessarily the same unless we 
should define the “depth of compensation” as that one to which the deepest compensation 
extends. 

It is probable that the compensation in some blocks of the earth’s c m t  extends to a 
greater depth than in others. It is impossible to determine the depth of compensation for 
each topographic feature of limited extent, as the deflections of the vertical and the gravity 
anomalies are undoubtedly due, in part, to other causes than the depth to which the com- 
pensation extends. Some of these other causes am: The way in which the compensation is 
distributed horizontally with respect to the feature; the way the compensation is distributed 
vertically, whether uniformly or irregularly; the deviations from normal densities of the ma- 
terials within a few miles of the surface; the degree to which the region may deviate from the 
perfect isostatic state; deviations of the densities of the material of the topographic feature 
from that used in the reductions; and, lastly, though negligible, the errors of the geodetic 

It This view was advanced to the wrlter by W. D. Lambed, mathematician ofthe U. 8. Coast and Qeodetic Survey. 
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observations. It may be readily seen that this m a y  of causes of uncertainty makes the depth 
of compensation derived for a small area of doubtful value. 

The depth of compensation resulting from investigations by the U. S. Coast and Geodetic 
Survey isbased upon a consideration of the deflection stations and the gravity stations over 
extensive areas. 

In his second report on the figure of the earth and isostasyIg Hayford used all deflection 
stations available at  the time in the United States. His value of the depth of compensation 
W&J 132.2 kilometers. 

The writer derived two values for the depth of compensation by using, first, all the gravity 
stations in the LTnitd States, and, second, only those in mountainous regions. The first depth 
is 60 kilometers and the second 95 kilometers. Hayford also obtained a depth of 97 kilometers 
from deflection stations in mountainous regions, but he did not consider this value as reliable 
as the larger one of 122.2 kilometers. 

As the depth of compensation derived from mountain gravity stations was 95 kilometers 
and Hayford's corresponding depth was 97 kilometers, the writer has adopted the mean of 96 

An average value has thus been derived for each class of geodetic data. 

FIG. 4 .4rav i ty  stations near Lattle, Wash. 

kilometers as the most 
probable depth.'" 
Why, it may be asked, 

should a value for the 
depth of compensation 
derived from R, small 
amount of data be con- 
sidered more reliable than 
from a much greater 
amount ? A careful con- 
sideration of the condi- 
tions will show why the 
value derived from sta- 
tions in regions of con- 
siderable e l eva t ion  is 
more reliable. 

Aside from the local 
causes of deflection and 
gravity anomalies enu- 
merated above there are 
the following causes hav- 
ing a general or regional 
effect: (1) Errors in the 
assumed figure of the 
earth for deflection anom- 
alies and in the shape of 
the earth for the gravity 

anomalies; (2) error in the value of gravity at the equator as used in the computations; and 
(3) regional deviations from the condition of perfect equilibrium. 

The effect of each of the h t  two general or regional causes of deflection and gravity anoma- 
lies can be eliminated. The effect of the third general cause and that of each of the numerous 
local causes are present in the remaining anomalies which are used in deriving the depth of 
compensation. 

At Seattle (see fig. 4) the anomaly 
is -0.093 dyne, while the elevation of the station is only 190 feet. At a gravity station just 
20 miles west of Seattle the anomaly is -0.025 dyne. At a station about 25 miles northwest 
of Seattle the anomaly is +0.002 dyne. The great differences in these anomalies are certainly 

Let us consider some of cne large gravity anomalies. 

I* Supplementary invmtigation in 1909 of the figure of the earth and isostasy, 1910. 
I@ Sea U. 8. Coast and Geodetic Survey Speeial Publication No. 40, p. 133. 



feet, and they are on a coastal plain. I t  is 
certain that here the cause of the large 
difference in the anomalies is local and near 
the surface. 

The anomaly at  Compton, Calif., is -0.050 
dyne, while at Long Beach, only 8 miles 

fig. 6.) The difference is 0.028 dyne. Here, 
distant, the anomaly is -0.022 dyne. (See 

again, the cause of the anomalies is local and 

stations are less than 70 feet, and no distri- 
bution of the compensation of so small an 

high in the crust, for the elevations of the 

amount of topography close to the stations 
could affect the anomalies materially. Many 

9 9  L 30 / 2ePJ 
96' 00' 

I c' r '- l  
- l7 

\. 
\ j 

i 311 / 
\. 
c. ?-m4*,. 
\, &Es 

T A S 
- 313. 

'J 

0 ./- '. 

E -.079 )( 

,#" (. 
KILOMETERS 

I 
10 0 10 ao 

STATUTE MILES 
' 9  I ! ! !  

-0- ' . \. - -j- 1. 2% t 

246 tieo 
0-.02l 

jp 
I ' 

oLos Angeles 

surface, a change in the depth of compen- 
sation will have a decided effect on the size 
and sign of the anomaly. For instance, the 
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the same mass be expanded to occupy a greater volume. The problem of obtain- 
ing a depth of compensation from only plateau stations is thus indeterminate. The more 
extensive the plateau and the more uniform its elevation the more indeterminate the problem. 
Take, for instance, the anomaly at  station Wallace, Kans., No. 41 of the table on page 103, 
of Special Publication No. 40. The anomaly does not change when the depth of compensation 
ia changed from 42.6 to 154.6 kilometers. 

It is reasonable to assume that the depth of compensation which enables us to obtain the 
smallest gravity and deflection of the vertical anomalies in mountainous regions is the most 
probable one. The depth of 96 kilometers, which is the mean of the depths derived from de- 
flection and gravity data at  mountain stations in the United States, accomplishes this and is 
the one believed to be the best now available. It is hoped that data may soon be available 
in other countries when a new depth may be computed. With more data the depth obtained 
will, of course, have greater probability. 

What does the “depth of compensation” mean? On the theory that the compensation 
is complete, is distributed uniformly with respect to depth, and is distributed within a limited 
distance horizontally from the topographic features or directly under them, then the derived 
depth of compensation is the average distance below sea level to which the compensation of 
the whole region considered extends. This depth may not be correct for any other extensive 
region, though it seems reasonable to infer that it will be. 

As the “depth of compensation” derived from geodetic data is the average depth to which 
the isostatic compensation estends, it must be true that the isopiestic depth, or the one at which 
pressures are equal, is somewhat greater. T h e  difference in these depths is not known, but it 
probably is not great. 

I t  should be noted here that although 96 kilometers is now considered the best value for 
the depth of compensation, the value of 113.7 kilometers waa used in computing the isostatic 
anomalies in this public.ation, as in previous gravity publications. A s  the use of the more 
recent value of the depth of cornpensation would change the anomalies by only very small 
amounts it seemed desirable to compute the anomalies on the same basis as those in previous 
publico. tions. 

RELATION OF GRAVITY ANOMALIES TO TOPOGRAPHY. 

If the earth were rigid with land masses ns overloads on the crust and with the deficiencies 
of mass in the oceans as underloads, the gravity anomalies on this theory would be the same as 
the sttractive effect of the masses above sea level, diminished by the negative attractive effect 
of the ocean deficiencies of mass. 

The isostatic gravity anomalies are, on an average, only 15 per cent of what the anonialies 
would be if the earth were considered rigid. This is the most important fact resulting from 
the isostatic investigations, for it shows that the earth’s crust is very nearly in complete isostatic 
adjustment. 

In the Bouguer method of reducing giavity data no account is taken of the isostatic 
compensation. The average and niasimum Bouguer and isostatic anomalies in the United 
States are given in the following table:ao 

(See fig. 18.) 

Dyne. 
Bouguer anomalies. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . . -. . . . . -. . . . . . . . . . . . . . . . . . . 
Isostatic anomslies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Of the 296 anomalies 208 of the Bouguer are negative and 87 are positive, but of the 
isostatic 168 axe negative and 126 positive. The average Bougue; anomaly with regard to 
sign is -0.036, but t,he isostatic is only - 0.006. This is strong evidence in favor of the theory 
of isostasy. 

%m Each of four groups of stations were treated as a single station by taking the mean anomaly for the group. 
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A very severe test of the theory of isostasy is given by the relation of the anomalies to the 
elevations of the stations. This test shows whether the anomalies are different for the various 
topographic conditions. In the following table are given the averago Bouguer and isostatic 
anomalies in the United States for various elevations: 

Without re- 
gard to sign. 

Elevation in meters. 
With re- 

gard to sign. 

~~~ 

Number of 
station4 or 

groups. Wlthmit re- 
gsrd to sign. 

0 t o m  ................................................................... ai3 
401 to 800 ................................................................. 33 
801 to 1.200 ............................................................... 16 
1 a01 to1 an.. ........................................................... 
dver I.& ................................................................ 

With ro- 
gsrd to sign. 

D%-on . w9 
.lo1 . 1% . 1% 

DflRt. 
-0.010 -. w7 -. 161 -. 128 -. 1M 

D W .  
0.033 
.018 .m 
.022 
.014 

D W .  
-0.010 
+.011 -. 004 
+.010 
f. 003 

We find very nearly the same values for the average isostatic anomalies for the five groups 
of elevations. On the other hand, the Bouguer anomalies have a very definite relation in size 
and sign to the elevation. This test is strongly in favor of the isostatic theory. 

RELATION OF GRAVITY ANOMALIES TO AREAS OF EROSION AND SEDIMENTATION. 

There seenis to be no relation between the size and sign of the isostatic gravity anomalies 
and areas of erosion. There may, of course, be areas of erosion in which gravity anomalies 
tend to be of one sign, but in such areas the anomalies are comparatively small and there is 
no general relation whatever that can be discovered. 

On the other hand, there is a decided relation between the areas of recent deposition and 
the gravity anomalies, and in t.his group of areas is included all of the Cenozoic formation. 
For some years it was believed that there was a definite relation between the isostatic gravity 
anomalies and the margins of continents due, in some way, to conditions existing along the 
coast that did not obtain in the interior. It was later found that a very simple explanation 
could be made of these coastal anomalies, namely, that the material along the margins of the 
continents is mostly of recent formation with density from 10 to 30 per cent less than normal. 
This light materid, nearly all below sea level and immediately below’ the gravity stations, has 
an attractive force which is less than that of material of normal density. This esplnnlttion 
was advanced by the writer in Coast and Geodetic Survey Special Publication No. 40 and 
has been accepted by other geodesists, notably Col. Sir Sidney Burrard, former superintendent 
of the Trigonometrical Survey of Indis. 

In a recent publication 31 by Colonel Burrard, entitled “Investigations of Isostasy in 
Himalayan and Neiglihouring Regions,” he gives t,he results of certain computations made to 
show the effect of a volume of light materid close to  a gravity station and to show what aniount 
of sedimentary material would he required in the vicinity of gravity stations on the Indo- 
Gangetic plain to account for the deficient force of gra.vity at  nearly all the stations on that 
plain. As a result of his investigations Colonel Burnard concludes t1ia.t the column under the 
Indo-Gangetic plain is probably in isostatic equilibrium, and that the abnormally small values 
of gravity are due almost entirely to the presence of the Cenozoic material close to the surface. 

We may safely conclude that the rather decided relation between the areas of deposition 
and the gravity anomalies can be explained by the presence of lighter material, and that the 
negative gravity anomalies on the Cenozoic formation are not indications of departures from 
the isostatic condition. 

PREDICTION AS A TEST OF T m  THEORY OF ISOSTASY. 

In a recent artic1e;a entitled “ A  brief review of the evidence on which the theory of isostasy 
is based,” Colonel Burrard brings out a number of interesting points in connection with the 
.subject. He shows how the isostatic method of reducing gravity observations for topography 

~~~ ~ ~ 

*I Professional Paper No. 17, Trigonometrical Survey of Indis. 
Tho Geographic Journal, Royal Geographic Society, London. July 1920, p. 47. 
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and compensation enables one to predict with considerable accuracy the value of gravity at 
any particular station, and he shows that this can not be done by any other method. 

If we can predict the value of a deflection of the vertical or the value of gravity at  a station 
and find when the observations are made, a difference between the predicted and observed 
values, or an anomaly, only 10 or 15 per cent as large, on an average, as it  would have been if 
the prediction had been made with the rigid-earth theory, then we may say that we have 
arrived at a theory that is workable and reasonable. The methods adopted by the geodesists 
can stand the test of prediction. Some other method not yet formulated may do equally well, 
but it can not depart materially from the one now in use. 

GRAVITY OBSERVATIONS OVER TEE ARCTIC OCEAN. 

The North Polar Espedition of 1893-96, under Dr. F'ridt-jof Nansen, determined the value 
of gravity at  10 places on the Arctic Ocean. Observations at these stations were madewhile 
the ship was frozen in the ice, with the half-second pendulum of modern type and according to 
approved methods, except that the pendulums were in no case swung for more than 45 minutes 
for each of from one to seven determinations at  a station. No local time observations were 
made for the control of the rates of the chronometers which were used to get the period of the 
pendulums . 

It is probable that there are actual errors of from 0.020 to 0.050 dyne in the values of gravity 
given in the published results,2s owing to the difficult conditions under which the observations 
were made. At the same time the mean value of the gravity anomalies for Nansen's 10 stations 
over the Arctic is only - 0.037 dyne and the mean without, regard to sign is only 0.048 dyne. 
No isostat-ic reduc.tion was possible for these stations, as the configuration of the bottom of 
the Arctic Ocean is not known. It. is probable., howeve.r, that the isostatic reduction would 
not change the values materially, provided t.he bottom of the ocean, under tahe points where 
the gravity observations were mnde, is compar.ztively level. On the other hand, if the ocean 
bottom is very irregular, the isostatic reduction might make a change of as much as 0.050 
dyne. The mean value of the gravity anomdirs.for the Nansen stations would seem to indi- 
cate that the earth's crust under the portion of the Srctic over which the observations were 
made is in isostatic equilibrium to a marked degree. 

The computed and the observed values of gravity in the Arctic indicate also that the Coast 
and Geodetic Survey gravity formula applies to high 1a.bitudes. This formula is given in U. S. 
Coast and Geodetic Survey Special Publication No. 40, 1nvestiga.tions of Gravity and Isostasy, 
page 134. 

RELATION OF GRAVITY ANOMALIES TO DEVIATIONS FROM NORMAL 
DENSITIES IN LOCAL MATERIALS. 

A well-defined relation between gravity anomalies and the densities of materials near 
gravity stations on certain geologic formations was recognized some time ago. The first men- 
tion of this, so far as the author is informed, is contained in Special Publication No. 10 of the 
U. S. Coast and Geodetic Survey.*' 

In the study of the possible relations existing between the gravity anomalies and geologic 
formations it was found that there existed a strong tendency of t.he anomalies at pre-Cambrian 
stations to be positive in sign and for the anomalies a t  Cenozoic stations to be negative. In  t.he 
above report it  was said: 

The evidence of correlation between the prevailing signs of new method (isostatic) anomaliea and the geologic 
formations on which the stations stand which has here been set forth is weak in certain respects. It deals with present 
surface geology only, aa seen in large area on a small-scale geologic map. -4 thorough study of the evidence should 
deal with paat aa well as present surface geology, should deal with the subsurface geology taking into account aa far aa 
poeaible the thickness of the strata of various formations, and p k b l y  also the details of the geology in  the immediate 
vicinity of the station should be considercd. 

*: TheNorth Polar Expedition. Memoir 8, vol. 2, p. 63. 
J. F. Hayford and William Bowic, The Effect of Topcgrsphy and lsostatic Compeiisation up i i  the Intensity of Gravity, 1912. 
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Neverthelm, it is believed that further evidence will support the generalization now made for the United States 
that at stations in pre-Cambribn areaa gravity tends to be in excese and at  stations in Cenozoic areas tends to be in  
defect. The first cam correuponds to exceeu of mass or under compensation of topography for all land stations, and the 
eecond case to defect of mass or overcompensation of topography for all land stations. 

In  general, pre-Cambrian formatiom are of greater density thau Cenozoic formations. Hence, the correlation 
noted is of the character to be expected if one considers that surface densitiea-that is, the density of mawea near the 
etation- have more influence over gnwity at the station than the density of masses lying deeper and therefore farther 
from the station. 

It was also stated: 
Meaaured in terms of strata of normal density the excm of msss i n  pre-Cambrian areas corresponds on an average 

to  a stratum somewhat more than 600 feet thick and the defect of mass in the Cenozoic are= to a stratum somewhat 
leee than 400 feet thick. 

While the authors of Special Publication No. 10 detected the relation of the gravity mom- 
dies to the Cenozoic and pre-Carnbrian formations, they did not fully realize at  the time that 
the anomalies might be explained by deviations from normal densities in the local material. 
The following extract from page 121 of Special Publication No. 10 would indicate that they felt 
the anomalies were probably due to local deviations from a perfect isosbatic condition: 

Attention has been concentrated in the preceding paragraphs on the departurea from perfect isostatic cornpeneation, 
partly to ascertain how close an agreement there is between the evidence from the two kinds of observations, partly 
because theae departures, slight as they are, may furnish a basis for future studies of the procm of isostatic readjustment, 
and partly for the p u r p e  of sacertaining whether they indicate any systematic errorsin the pmceasea of logic and com- 
putation used. This concentration of the attention on the departure must not be allowed to obscure the fact that 
the most aignificant thing about them i s  their smallnem. Though the average elevation in the United States above 
8 e ~  level is 2,500 feet, the departures from complete compensation as measured by the gravity anomalies are represented 
by strata of which the maximum thickneas is 3,200 feet, corresponding to the defect of.gravity at Seattle, and of which 
the average thickneee is only 570 feet. 

In  Special Publication No. which appeared shortly after Special Publication No. 10, 
the author called attention to the fact that the anomalies a t  Cenozoic and p d a m b r i a n  stations 
tended to be systematic in sign. It was realhed that the cause might not be altogether a depar- 
ture from the perfect state of isostatic equilibrium. The following is quoted from page 21 of 
Special Publication No. 12 : 

I n  general, the rocks of the oldest formations have greater densities than 2.67, the adopted mean value for the 
surface density of the earth, and this fact may lead one to conclude that the gravity should be greater on these forma- 
tions; but it will appear on reflection that these can not be merely surface phenomena. 

Let it be assumed that the pressure at the depth of 113.7 kilometers under a station of the oldest formations is normal 
(that is, the crust ia i n  a state of perfect isostasy), and let it be assumed that the average anomaly with regard to sign of 
+0.084 is caused by an erroneous assumption regarding the surface density. Then, i f  the formation considered extends 
19 kilometers in every direction from the station and to a depth of 1,000 feet, an increase in density of 2.06 would be 
necessary to cause an anomaly of +0.054. With the same radius but B depth of 10,000 feet the necessary increaae of 
density would be 0 . 3 .  

The maximum anomaly i n  the oldest formation is +0.053, and this could be caused by an increase in density of 
0.43 in a disk of material about the station with a radius of 19 kilometers and a depth of 10,000 feet. 

To cause the maximum negative anomaly of -0.093 at Seattle would require a decrease of density of 0.62 in the 
material of a disk 10,OOO feet thick and a radius of 19 kilometers directly under the station. 

From the mmiderations stated above it aeems prohble that the exceses and deficiencies of mass which cause 
the largest of the anomalies can not he surface phenomena alone, and that such excesses and defectsmust extend through 
depths at  least as great as 15,000 feet. There is no conclusive evidence from gravity observations to indicate whether 
the anomalies of the average size are caused by difference between the actual and the assumed density of the earth's 
d a c e  material near the station or whether such anomalies are caueed by an actual departure from a state of complete 
iSOSta8y. 

Views similar to those expressed in the preceding paragraph are contained in an article 
published in 1912.26 

While making the investigations reported in U. S. Coast and Geodetic Survey Special 
Publication No. 40 the author reached the conclusion that a gravity anomaly does not neces- 
sarily indicate a local departure from the perfect isostatic state, but that the anomaly may 

William Eowte, Effect of Topography and Isostatic Cornpensstion upon the Intensity ol Otsvlty, Beumd Paper, 1913. 
s# W i l l b  Bowie,"Sme relstions between gravity anomah and the geologic formation in the United Btrtpr:' Anmican Jaanal ol Sdenca, 

xmch, 1911. 
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be due to the deviations from normal density in the material close to the affectei stations. 
As this publication may not be readily available to the reader, i t  seems desirable to make the 
following quotations from it: 

Under the heading i‘Anomalies in pre-Cambrian formations,” on pages 73 and 74, are 
these paragraphs : 

If the density of the upper strata of the earth’s crust for large distances (horizontal) froni.the stations is above 
normal, then the effect of this greater density, which will tend to increase the gravity, will be offset hy the oppoaite 
effect of the compensating deficiency of density in  the deeper crust. This is due to the fact that the effect of a certain 
amount of material in  the form of a disk of infinite horizontal extent is the same on a unit mass of matter whether the 
unit mass is immediately above the surface of the attracting matter or at an indefinite distance above it. Therefore, 
if we should have a stratum or mass of pre-Cambrian material of density 2.90 at t.he earth’s twrface directly under the 
station and of great or infinite extent horizontally i t  would have the same attractive effect on the unit mass aa if  this 
matter were distributed through a great vertical distance but had the eame horizontal extent. Therefore, if the dense 
material at the. surface were compensated for by a deficiency of density in  the lower crust, the  pmitive effect of the 
former would be exactly zcounter-balanced by the negative effect of the compeneat,ion. Hence, we should not expect 
a decided posit,ive anomaly at a pre-Cambrian gravity stat,ion should the formation he of uniform t,hickness and of 
great horizontal dimensions. This statement is based upon the assumption, which may be substantially true, that 
the area in question is in  a s a t e  of perfect. isostatic equilibrium a t  the depth of compensation. 

If, however, the area of denser material is limited in  horizontal extent, then the effect of the added material, 
being inversely proportional to the square of its distance from the att.racted unit mass, will be greater than the negative 
effective of the compensation. Therefore, if there is a compensating lack of density in  the lower crust, the resultant 
effect will be positive and we should have a positive gravity anomaly. The size of the anomaly will depend upon the 
thickness of the stratum of pre-Cambrian rock, ita density, its horizontal extent, and the vertical location of the com- 
pensation. 

It should be borne in mind that in  making the gravity reductions no numerical values are given for the densities 
in the earth ‘e. crust below sea level. It is assumed that the densities in  the crust under the coastal plane at sea level 
for thP various strata are normal, and that them densities are modified by the isostatic compensation under the topog- 
rtlphy of the interior of the continents and under the oceans. I t  is only the deviations from the normal densities in 
the crust below sea level which are considered in  these investigations. 

If there were many gravity stations on and near a limited area of pre-Camhrian formation, it might be poasiljle to 
estimate from the results t,he :tpprorimate limits of the spacu within which the densit,ies were above normal; but it 
must be borne in  mind that the problem of determining exactly the space or spaces within which there are abnormal 
densities which might, cause the anomalies is not susceptible of mathematical solution. This is because there are too 
many unknowns which would enter into any equations used and arbitrary assumptions would have to IJe made. Of 
course, the problem can be treakd mathematically and with greater numbers of stations in any given area the truth 
can be more closely approximated. 

It seems to  be evident that the anomalies are not clue simply to an a m m e d  erroneous density of the mass above 
sea level, for a t  a number of pre-Cambrian stations the elevation above sea level is less than 1,500 feet, and the maximum 
effect of a change i n  the density of 10 per cent in  that mass would be only 0.005 dyne. The cause of the anomaly must, 
therefore, be locat,ed to a large extent below sea level in nearly all caaes. 

I t  is no doubt true that the deep-seated rocks have densities comparable with those of the pre-Cambrian rocks seen 
at the surface, but the cause of the anomaly at pre-Cambrian stations seems to be due largely to the deme rock protrud- 
ing through the materials of the upper crust which are of less demity. 

The author does not mean to state that the whole of any anomaly is due to the geological formation, for there is 
probably in many cases a local lack of perfect isostasy which may produce deviations from the normal gravity. 

It is a noteworthy fact that the pre-Cambrian stations in  the United States show an exceea of gravity i n  general, 
and that they are on areas which have been subjected to erosive action for geological ages. We may conclude that aa 
erosion has taken place there haa been a rising of the areas due probably to isostatic adjustment. 

The following paragraphs are from pages 76 and 77 of Special Publication No. 40, under 
the heading “Anomalies on Cenozoic Formations ” : 

If the Cenozoic formation of small density is small i n  horizontal dimensions, and i f  there is perfect local isostasy, 
the effect of the light material in  the  upper must and near the surface would be niuch greater than the nppoSite effect 
of the compensating increase i n  density i n  the lower crust. The cause of the large Cenozoic anomalies must be local, 
for there are decided differences in the size of the anomalies at paire of stations which are comparatively close togther. 

It appears from the evidence above that we may gain from the negative snomali- of the Cenozoic formations 
some idea of the depth of the Cenozoic material at a station, and where there are many stations i n  any given locality 
of Cenozoic formation we may get an approximation to the horizonal limits of the affected spaces. For instance, it is 
reason&le to conclude th& i f  the Virginia Beach anomaly is caused by a thick stratum of material of light density, 
and that if  t l Js  stratum extends to Crisfield, it is considerably thinner a t  the latter station. The reasoning employed 
in the d i s c d o n  of pre-Cambrian anomalies on pages 72 to 74 (quoted above) would indicate that the large Cenozoic 
anomalies must be due largely to local cames, if it is srvlumed that an l ~ w g  under investigation is in a atate of perfect 
ieostatic equilibrium. 
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There is evidently a definite relation between the comb and the gravity anomaly, but it may be due to the presence 
of Cenozoic materials which extend along practically all of the coasta. The came of the difference in the mze of the 
anomalies at different stations may be due to the varying thickness of the material and the varying horizontal dimen- 
sions of thick and thin strata. 

That the Cenozoic areaa are undercompenaated, aa the negative anomalies might indicate, does not seem to be 
true, for the reaaon that these areaa are areaa of de-tion in recent timea, and the areaa have probably been sinking 
during the time when materials were accumulating on them. This depoaition of material would lead one to suppoee 
that the cnlst under such areas is heavier than normal. Undercompensation therefore appears to be improbable. The 
writer is aware that there may be even in areaa of heavy deposition d o n s  which are undercompensated, but this 
would be due to conditions existing before depomtion began. 

Of these 
8 are on pre-Cambrian and 31 on Cenozoic formations. For many years the negative gravity 
anomalies a t  stations in India had been considered as indicating a lack of isostatic adjustment, 
but the author felt that another interpretation could be given, as is indicated by the following 
extracts from page S3 of Special Publication No. 40: 

Many of the Cenozoic stations in India are in areaa to which great quantities of niaterial have been carried from the 
Himalaya Mountains. It is probable that the larger Cenozoic anomalies are above portions of the crust where the 
recent material is thick and of limited horizontal extent. 

It haa been held by 8onie geodesists in Indian that there is probably a rift in the earth's crust where the large, 
negative anomalies exist. The evidence at hand makea it possible to account for the anomalies by the Cenozoic forma- 
tion in the affected area. 

Of c o w ,  it is probable that in India, aa in other countries, there are local, and in mme amaa regional, departurea 
from a state of perfect isostasy, but aa evidence in the form of gravity atations accumulates the theory of isosta8y k 
given added strength. 

The summaries on pages 73 and 81 (Special Publication No. 40), which gives evidence for &ations in the United 
States and in India, respectively, point strongly to rather definite relations between the sign of the anomaly and the 
surface geology at the station. This relation may be due to variation from the normal density for strata in the upper 
crust, these abnormal densities being compensated for by a counterbalancing change in denaity occurring in the lower 
crust, possibly to the depth of compensation. 

The views of the author regarding the gravity anomalies in India attracted the attention 
of Colonel Burrnrd, who was then superintendent of the Trigonometrical Survey of India, and 

In Special Publication No. 40 data for 73 gravity stations in India are used. 

' 

he macle a very careful investigation of the 
effect of local deviations in density on the 
values of gravity.28 

Having in mind the probable effect of local 
conditions of density on the gravity anomdies, 
additional gravity stations were established by 
the Coast and Geodetic Survey near the sta- 
tions at Minneapolis, Minn.; Seattle, Wash.; 
and Compton, Calif. 

The st.ation at  Minneapolis is on Paleozoic 
surface material and has ananomaly of + 0.059 
dyne. Only one larger positive anomaly has 
been found in the United States. The sta- 
tions on the Paleozoic. forination do not in 
general have excessively large anomalies. 

Figure 8 shows the locations of the stations 
near Minneapolis and their anomalies. Addi- 
tional data regarding them may be found in 
Special Publication No. 40. 

I -  

\ 

FIG. S.-Group of gravity St8tfOnS in Wisconsin and Minnesota. 

The anomalies clearly indicate a cause which is local and in the outer portion of the crust. 
If the cause were a regional departure from the isostatic state there could not be such great 
differences in the anomalies at  stations so close together, and if the cause were deep-seated the 
anomalies would be of the same sign and of like size. 

n Col. Sir SIdney Burrard, On the Origin of the Himalaya Mountains, Survey of India. Prof. Paper No. 12, p. 5. 
a Col. Sir Sidney Burrard, Investigations of Isostasy in Himalayan and Neighboring Regions, Sunvy of India. Prof. Papex No. 17, Dehm 

Dun, 1918. 
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The station at  Compton, Calif., has an anomaly of -0.050 dyne, while the anomaly at 
station No. 244, about 10 miles to the south, is -0.022 dyne. At station No. 245, only 11 
miles west of Compton. the anomaly is -0.030 dyne. The stations surrounding Compton 
are shown in Figure 6. 

The Seattle (Wash.) stations, each with a gravity anomaly of - 0.093 dyne, have attracted 
the attention of geophysicists and geologists. These anomalies were first discussed in Special 
Publication No. The authors of that report believed that these very large anomalies 
indicated a decided departure of the surrounding region from the isostatic state. In order to 
locdie  the disturbed area, a number of stations were established near Seattle. They are shown 
with their anomalies in Figure 4. 

The noteworthy fact in connection with these stations is that at station No. 225, only 25 
miles northwest from Seattle, the anomaly is +0.002 dyne. The anomalies at  this group of 
stations indicate clearly that the abnormal densities extend along the eastern shore of Puget 
Sound, and that to the west the disturbance is slight or nonexistent. The abnormal densities 
must be near the surface, for otherwise the anomalies at  stations close together could not be so 
dif€erent in size. At Olympia the anomaly is +0.033 dyne, which indicates that the cause of 
the negative anomalies of the stations along the eastern shore of Puget Sound does not extend 
so far south. The Puget Sound area has been subject to recent sedimentation, and the light 
density of the sediments is probably the cause of the negative anomalies. 

The large anomalies near Minneapolis, Minn., Compton, Calif., and Seattle, Wash., can be 
explained by the presence of abnormal densities near the stations, and we do not have to resort 
to a lack of isostatic equilibrium. The author has discussed this subject at  some length in recent 
papemm 

Burrard has =ked how lighter material can take the place of heavier material in areas of 
sedimentation. The answer seems to be that it does so only to a certain extent. It is the 
writer’s opinion that there is a down warping due to a contraction of the materials in the block 
of the earth’s crust independent of the’sediments. This contraction must continue during 
sedimentation in order that the block may remain in isostatic equilibrium. The sediments will 
push the original material down, and a mass equal to that of the sediments will move laterally 
from the lower end of the column, but it will be of a smaller volume than that of the sediments. 
Hence, if there were no increase in the density of the original material the sediments would 
soon be piled up so high that deposition would cease. This matter is discussed by the author 
in the two papers referred to in the footnote below. 

-see footnote on p. 24. 
10 “The relation OiIsostasy to uplift and subideuce,” American Journal of selenca, July, 1921; “Theesrth’e crust aud htaay,” The Gsqlraphla 

lbTiav, October, 1923. 
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GEOLOGIC FORMATION AT GRAVITY STATIONS. 

There are given in the following table the geologic formation and the anomaly for each of 
78 new stations or groups of stations in the United States. Similar tables are given in Special 
Publication No. 40 for 218 stations in the United States and for others in Canada and India: 

Geobgit fonnutions a d  anoinalies for 78 stations or groups C tht Unilad Statcs. 

Formation and station number. 

- 
Formation and station nnmber. i::zv. l- &?ta::m 

Pm-Cambrian formation: 
269. .......................... 
272. .......................... 
276. .......................... 
300. .......................... 

Number of stations- 

Tots'. 

Paleozoic formation: 
a34. .......................... 
260. .......................... 
% I . .  ......................... 
262. .......................... 
263. .......................... 

Mean anomaly- 

gardtosign. With re- gard Without tosign. re- 

264 ........................... 
296. .......................... 
297. .......................... 
298. .......................... 
299. .......................... 

4 
6 
2 
10 

301. .......................... 
302. .......................... 
303. .......................... 
304. .......................... ........................... 

0 
7 
10 
34 

Mesaoic formation: 
21'1. .......................... 
259. .......................... 
285. .......................... 
266. .......................... 
267. .......................... 

4 
13 
12 
45 

265. .......................... 
270. .......................... 
273. .......................... 
271. .......................... 
275. .......................... 

Dyne. 
f0.032 
-.W 
--.Ill1 
--.E3 

Dynr. 
+n. MZ +.w +.m 
+.m 

+ . nio -.m 
+.a 
+.010 +.m 
-.m 
- - .024 
-.W -. 022 
--.032 

+.063 

-.ma -.m 
--.a38 
-.m 
-.018 

+.m 
+.029 
--.Old 
-.020 -.m 

Uesaoic foormation-continued. 
309. .......................... 

I 310.. ......................... 
knozoic format Ion: m ........................... 

221 ........................... 
222. .......................... 
223. .......................... 
224. .......................... 
225. .......................... 
8 6 .  .......................... 
227. .......................... 
228. .......................... azs ........................... 
230. .......................... 
231.. ......................... 
232 ........................... 
233. .......................... 

I 
235. .......................... 
236. .......................... 
238. .......................... 
2NJ. .......................... 
241.. ......................... 
242. .......................... 

.......................... .......................... i 243. 
244. 
245. 
M6. .......................... 
247. 

.......................... { 

.......................... 
......................... I 248.. 

249. .......................... I 

DSW. 
-0. om -. 012 

--.013 
-.073 
-.@I6 
-.011 -.m 
+.m 
-.M5 
-.m 
-.007 

+.M7 +.a 
+.m +.a .ooo 
-.on 
- . (US -. 031 -. 014 -. 053 

-.@32 -.m 
-.021 
-.m 
--.039 -.w 

-.om 

-.m} 

Formation and station number. I-- 
hozo ic  lormation-continued 

2.50. .......................... 
251 ........................... m. .......................... 
253 ........................... 
25s. .......................... 
2j7 ........................... 
271.. ......................... 
277. .......................... 
278. .......................... 
279. .......................... 
280. .......................... 
281. .......................... 
282. .......................... 
a. .......................... arw ........................... 
2a5. .......................... 
2%. .......................... 
306. .......................... 
307. .......................... 
308 ........................... 
311.. ......................... 
312.. ......................... I 313.. ......................... 

htrusiw formation, 258. ..........I 
u n c w i e d  : 

239. .......................... 
254.. ......................... 
256. .......................... 

D W .  
-0. as1 -.om 
-.m 
-.m 
-.a50 
-.m -. 008 
-.030 

-.018 + .D19 
+.014 +.on  
-.026 +.m -.m - . O H  

-.ma 

- ,019 

-.ma 
-.030 
--.ON 

NnrE.-Each of tho four groups, indicated hy braces. was used as a single station hy taking the mean anomaly for the group in obtaining'the 
sumharics below. Thc two Seattic stations were also treated as a gronp for the awond siimmory on'pag 30. 

A summary of the data of the above table is given below. One of the stations has a zero 
anomaly 

SUnl?na y* 

Geologic formation. 

Pre-Cambrlan.. ................................................................... 
Paleozoic.. ........................................................................ 
Mesozoic. ......................................................................... 
Cenozoic. ......................................................................... 
Intrusive.. ........................................................................ 
Unclassifled.. ..................................................................... 

Totaland mean. ............................................................ 

t 322696 0-41--3 

Dyne. 
0.032 
.OM .oao .on . 019 
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There is given below a general sumniary for'all of the stations used in this and the previous 
report. 

Sumnutty for all p d y  atatwna in tlu UnW States. 

I- 
~~~ 

Re-cmlbrlan.. . . . . . . . . . . . . . . -. -. . -. . . -. . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . . . . . . . 
P8l€uEode... . -. . . . . . . . . . . -. -. . -. . . . . . . . . . . . . . . . . . -. . . . . -. . . . . . . . . . . . . . . . . . . - . . . . . . . . 
Meaomic. . . . . . . . . . . . . -. . . . . . -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . 
cenowic.. .. . . . . . . . . . . . . . . . . . . . . . . . . 
Intrualw.. . - - . . . . . . -. . . . -. . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . -. . . . . . . . . -. . . . . . . . . . . . . . . . 
EMve. .  . . . . . . . . . -. . . . . . . . . . . -. . . . . . . . . . -. . -. . . . . . . . . -. . . . . . . . . . . . . . . . . . . . . -. . . . . . 
u-ed. .. . . . . -. . -. 

Tatel and mean. -. . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . 

-. . . . - -. . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . 
-. . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . . . -. . . . . . . . . -. . . . . . . . 

16 
a9 a sa 
a 
a 

in 

156[ 

Dyne. 
+O.O!Z. -. 010 +.om 
- .a4 
--.014 -.m +. a08 
-. ooo -- 

Dlw. 
0.025 .on .om 
.m 
. O B  . M5 
.m 
.02l 

The added data in the preceding table and summaries strengthen the conclusions stated in 
Special Publication No. 40. Undoubtedly, there is a very dehite relation in sire and sign 
between the anomalies and the Precambrian and Cenozoic formations. 

Of the 127 stations having anomalies greater than the average, 0.021 dyne, 44 are on Ceno- 
zoic and 10 on pre-Cambrian. There are 32 stations having anomalies greater than 0.040 dyne, 
and 17 of these are on the Cenozoic and 4 on prdambrian. The 8 largest negative anomalies 
are on the Cenozoic. 

It is possible that there is a definite relation in sign between the Paleozoic anomalies and the 
geologic formation, for the summary shows 56 negative and only 29 positive anomalies on the 

1 

FIG. lO.-Grcup of gravity stations in New Jersey. 

Paleozoic. Further gravity data may show whether or not the tendency toward negative 
anomalies will persist. There is no great deviation from normal densities in the Paleozoic 
materials such as are found in the Cenozoic and Precambrian. 

'RELATION OF GRAVITY ANOMALIES TO EFFUSIVE AND IlVTRUSIVE GEOLOGICAL FORMATIONS. 

"here are only 16 stations in the United States on the intrusive and effusive formations, 
but it is interesting to note that 12 of them have negative anomalies. No definite conclusions 
should be drawn from so few data but it is signXcant that the anomalies indicate that the density 
of the crust under these stations is no greater than normal, and that a rather high degree of 
isostatic equilibrium exists. It is probable that as the earth's crust is solid and the earth itself 
has the rigidity of steel there is no great volume of liquid material from which effusive and intru- 
sive rocks come to the surface. The outflow of material through fissures and through volcanic 



of the earth does not increase the mass of 

compensation. If a very deep-seated mate  
the earth block extending to the depth of 

rial-that is, material below the earth’s crust 
--could be forced up in the liquid or plastic ’ 

state through the earth’s crust, theri this 
would certainly indicate a crust  too weak to 
have maintained mountain masses and adja- 
cent low plains for geological ages. 

The processes involved in expanding a 

to heavy sedimentation into one of uplift, 
which is considerably longer, may well be 
adequate to cause the outpouring of material. 
It is certain that the isostatic balance Of the 

column under an .area that has been subject 

in the &&ation of the surface. Therefob, 
1 $057 1 when a mountain mass such as we have on 

103’ ,050 1% 
*?m k 269 t 7 - + 

. 
.770 .+.042 

+.029 
I 
‘ S .  D A  K. w Y 0. i 
i 4% 
I 

- +  490 

I 

the is lad of Hawaii is formed by volcanic - action, we must assume that this mass of 
material is due to the expansion of the ma- I 

terial of the earth’s crust. If it were not so, 
there would be the anomalous condition of a 
very weak earth’s crust standing up under a 
tremendous O V W ~ O ~ ~ . ~ ~ ~  It is possible that 

ment is very great, sufficient heat is de-. 
veloped to cause a lowering of the rigidity 

e+.ozz---. ‘176 - . ._._ where the resistance to the upward move- 

to lengthening of a column of the earth’s 
I!! of the magmatic material. If the resistance 

crust by decrease in density is sufficiently 

1 ! I  I 

aZ;1420 r2& 4 7 4  

I I 

i 

I 
I 

I 1 .---.-- 

c i  0 ! L  0. 

I t k - - * b  

J, 
I JTAlUlC MILLS 

c 
j C . i . ~ ‘ ~ ~ . . ~  
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Owing to the geological importance of the area of California, on account of the existence of 
active seismic regions, it was decided to make a rather intensive gravimetric survey over it. 
In the year 1916, 25 stations were established in that State, all of them within 90 miles of the 
coast and 12 of them within 5 miles of the coast. 

At the time these stetions were established it was not realized how intimately associated 
are the gravity anomalies and the geological formation. In consequence, we have the situation 
that all of the gravity stations in California except six are located on the Cenozoic formation. 
“his fornation, as is well known, is composed largely of materials which have densities some- 
what less than 2.67, the normal surface density used in the isostatic investigations. It has been 
shown in Special Publication No. 40, and is shown in this publication, that the presence of light 
material close to a gravity station, but extending below sea level, will have a tendency to cause 
negative gravity anomalies even though the block of the earth’s surface under the area in 
question may be in isostatic equilibrium. All of the new stations in California have negative 
anomalies. 

A number of gravity stations in California were located as close to the San Andreas fault 
as practicable, in order to learn whether there could be found any relation between the fault and 
the gravity anomalies. As far as the writer can see, there is no relation whatever between the 
two. It is practically impossible to differentiate the several causes of gravity anomalies, at 

least where the anomalies are 
small. In  order that gravi- 
metric surveys may throw 
light on the cause of seismic 
d i s t u r b  a n  ce s , the stations 
should be closely grouped. 
It is the writer’s belief that 
the negative anomalies of the 
California stations, most of 
which are located on the 
Cenozoic formation, do not 
indicate that the crust under 
the State, as a whole, is out 
of irostatic equilibrium. If 
thenegative anomalies should 
be given their apparent inter- 

pretation-that is, that they indicate n lightness of the earth’s crust in the region in question- 
then on an average the crust under the State would have a deficiency of mass equivalent to a 
disk of material of normal surface density, say 2.7, and 900 feet in thickness. The attraction 
of such a disk at a station near its surface would be 0.031 dyne, the average gravity anomaly 
for the State. 

As the gravity stations are practically all on the Cenozoic formation, it is rather improbabb 
that there is an actual deficiency S density of the earth’s crust under California. It seems more 
probable that the seismic disturbances in California are merely incidental to deformation of the 
crust resulting from either an uplift due to expansion of the crust below or to uplift in response 
to isostatic adjustment following erosion. 

It may be possible to resume gravity observations in California in the not distant future 
and to establish stations on other formations than the Cenozoic. It seems especially desirable 
that a number of stations be located on the large area covered by the intrusive formation and on 
the outcrops of the Precambrian. 

Of these three are h e -  
diately on the coast and the others are inland a t  distances of from 50 to 60 miles from the coast. 
Five of the stations are on Cenozoic formation and one on Palaeozoic. Five of the stations have 
positive anomalies and one negative, but the positive anomalies in four cases are less than half 
the size of the average anomaly without regard to sign and the other one is only 0.027 d p e  

Six new stations were established in western Oregon in 1916. 
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The writer can not see any relation between the geological formation in western Oregon and the 
gravity anomalies except that, as in other places, if the anomdies on Cenozoic formatione am 
positive they are, in all caes, quite small. In the United States and Canada the largest positive 
Cenozoic anomaly is 0.036 dyne. 

Nine new stations were established in 1916 in the State of Washington, largely around’the 
Puget Sound region. The object was to localize, as far  ns possible, the cause of the very large 
negative anomaly existing at each of two gravity stations a t  Seattle. The anomalies at these 
stations, each -0.093 dyne, a v  the largest isostatic gravity anomalies in the United States or 
Canada as far as existing data show. All of the new stations established in the State of Wash- 
ington are on Cenozoic formations and, as usual, the anomalies are either negative or, if positive, 
very small in amount. At one of the new stations the anomaly is +0.002 dyne, but at all the 
other stations the anomalies are negative. The anomalies at the Puget Sound stations are 
discussed on pages 20 and 28. 

The existing geodetic data seem to indicate very clearly khat the earth’s crust is in a more 
perfect state of isostatic equilibrium than even the most sanguine isostasist believed a few years 
ago. The large gravity anomalies which had been used by Barrell and others to prove that the 
earth’s crust was in places far from a state of isostatic equilibrium may be logically explained by 
the presence of very light or very heavy material close to the stations. If the cause of the 
anomaly were deep-seated, there could not be such great differences as actually occur in the 
gravity anomalies and in the deflections of the vertical at stations which are close together. 

It is believed that the preponderance of negative gravity anomalies at stations along the 
western coast of the United States is due almost entirely to the fact that nearly all the sta- 
tions are located on Cenozoic formations with densities less than the normal surface densities. 
These anomalies have no relation, apparently, to the structure of the continental area and of 
the area under water near the coast. 

ISOSTASY I1p HIGH LA!M”UDES.al 

A recent book covering researches by Fridtjof NBasensla leads to the conclusion that the 
eaxth’s crust yields to the loading and unloading by ice. His views are summarized in the fol- 
lowing excerpts from his book: 

The fact, proved by the strandflat and by the raised ahore lines, that the coast of Norway haa been deprewed during 
the last glacial period and haa again in poet glacial time risen to a level slightly higher than the level it had before the 
subsidence, while the upheaval of the land is not yet corn@leted in the central and Baltic regions of the depressed area, 
which after the retreat of the ice waa covered by a thick layer of sea’, seem to me to form convincing evidence of the 
comectnm of the theory that it waa the load of the ice which caused the depression of the crust and the unloading which 
caused ita upheaval. I do not think that serious objections can be any longer raised against this theory. 

It seem to me that the more one studies the whole process of the late-glacial and postglacial subsidence and 
upheaval of Fenno-Scandia, and the related crustal movements in ths  surrounding regions, in all their details, the more 
one must be convinced that thew movements are htatic. One will find that the theory of isostaSy gives a eimple 
and natural explanation of almost all phenomena and even of many details which may seem startling at  the fht glance. 

It haa also been maintained that great dkturbances over extensive arm are nec- to start the crustal movements 
for adjustment of hstasy, and such movements will occur, aa a rule, only during periods of special mobility of the earth’s 
crust and Within certain specially mobile regions. As far aa I can judge, the late-glacial and postglacial vertical move- 
menta of Fenno-S-ndia and surrounding regions, and eepecially the movementa of the Norwegian coast and the present 
poaition of ita strandflat, conclumvely disprove the correctness of v i m  euch aa these. They indicate that the earth’e 
cruet in the courae of time approaches ita level of perfect isostatic equilibrium much more closely than even the most 
extreme advocates (like Hayford) of perfect iaOetaay have conaidered to be poesible. 

We may, therefore, infer that the esrth’s crust is on the whole very responsive to disturbances of its equilibrium and 
hea a great ability to reeatabliab it. After a sufficient time it will attain ita level of ieoetasy at  lea& within some few 
meters. 

It is a general tendency of the lithosphere to readjust ita isoetaay after disturbances and in the come of time to 
approach ita average level of ieoatatic equilibrium within aome few metera at least. The ieostatic movements of the 
lithosphere are not limited to eepecially mobile regions nor to periods of special cruatal mobility. 

~~ ~~ ~ ~~ 

While this publication was in p m  an article was recaived which gave the results for 9 new gravity stations in Canada. the one Isrthsst 
north Wig in latitude 67.27’ (A. H. Miller, “Gravity results In the Yackenzie Basin,” Jour. Royal Aetron, Soc. Canada,Vol. XVII, No. S-10, 
Nm.-Dee., 1833). The average isoatatlo anomalies with and wlthout regard to sign for the 9 8tatlOM are -0.003 dyne and 0.010 dyne, rem 
tlvely. 

810 The StrandUat and Iaosta~y,~’ I Kmmissimr Hos Jacob Dybwad, Krirtisnia, 1022. 
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While Nensen drew his conclusions from physiographic evidence, his deductions and con- 
clusions are in general accord with those arrived at by the geodesist who has used geodetic data. 
SIZE OF TOPOGRAPHIC FEATURE WHICH MAY NOT BE COMPENSATED. 

While some may still doubt the existence of the isostatic condition of the earth's crust, the 
accumulated accurate data obtained from direct observations and measurements all point to a 
high degree of isostatic adjustment even for moderately small mas. Certainly a topographic 
feature of the order of magnitude of 20 miles radius and 3,000 feet in thickness is at  least partly 
compensated. Apparently the cross section of the block of the crust which may escape com- 
pensation is dependant upon the amount of material on it which is above sea level. A mountain 
or plateau block with an elevation of, say, 10,000 feet will probably be in balance for a smaller 
cross section t h n  one in low ground with an average elevation of a few hundred or a thousand 
feet. Of course, one must distinguish between the horizontal dimensions of a block of topog- 
raphy which may be compensated and the horizontal dimensions of an earth block which may 
be in equilibrium independently of surrounding blocks. If the topographic feature is in equilib- 
rium then the gravity anomaly should be affected by ignoring in the reductions the compensation 
of the feature. 

The effect of ignoring the compensation for topography extending 17.9 milea and 36.5 miles 
from each of 42 gravity stations in the United States at  elevations greater than 1,000 meters 
(about 3,300 feet) is shown in the following table. The stations are numbered the same as 
elsewhere in this publication and in Special Publications Nos. 10, 12, and 40: 

E&t on gravity anamulice of the compensation for innur zones. 

f :  gv~6J&8 n. ................................................... 
Colo ............................................ 

43. Pikes Peak. COR.. ............................................... 

Number and name ofstation. 

Me/rr.¶. 
1 005 
1'841 
4'283 

Elevation 
H. 

Jmctiqn, Colo. ............................................ 

'cm,wyo .............................................. 

h.. .............................................. 
,h.. ........................................... 

51. Norria Geyser Basin Wyo. ....................................... 
52. Lower Qeyser Basin: Wyo.. ...................................... 
55. Mount Hadton, Call1 ............................................ 

................................... 

..................................................... ..................................................... 
67 Qoldlleld Nev .................................................... 
eS: Yavapai 'Arir ..................................................... 
70. Qallu , k. Mex ................................................... 
71 LesQ as N. Mex ................................................ 
75: Lead,% &.. ................................................... 
81. Biason CaUf ....................................................... 
82. Rork hprings, W y o  ............................................... 
98. Alpine Tex ....................................................... 
89 Farwe6 Tex ....................................................... 

102: Cloudlaid, Tenn. ................................................. 
109. Sberidan W y o  .................................................... 
1lO. Boulder,bdont .................................................... 
114. Truckee Calif ..................................................... 
115. Winneniuaa, Nev ................................................ 
116. Ely, Nev. ........................................................ 
117 Ouernse Wyo ................................................... 
190. E-bt 8. Dak ................................................ 
102. Moorecroft' Wyo ................................................... 
1(99. Hill Clty, 8.  Dak.. ............................................... 
195: Lander %yo. .................................................... 

...................................................... ................................................... I U. Denver, colo 
45. Gunnlaon, Colo 

270. Newcastle W y o  .................................................. 
271 Bridge od Nebr ................................................. 
272 B u f d  W$.o.. ................................................... 
273. Boulder, Colo ..................................................... 
274. Lalayette, Colo.. ................................................. 

.................................................... ............................................ .( 
Mean with regard to sign. .................................................. 
Mean without regard tosign ................................................ 

1.398 
1 243 

1,322 
2,386 

2 276 

1282 

1, lsl 
1 716 

1,wo 
1960 

1048 

a. 191 

a: a00 
1: 146 

2: 179 

1: 580 

1: 910 

::E 
1, 
1 150 
1: 493 
1,035 
1,311 
1, oaa 
1.3a 
1 635 
1' 
1: a95 
1,518 

1324 
1' 114 
a' 390 
1: ma 
1,695 
1,511 
2,300 

Isostatic 
snomely. 

Dyne. 
-0.012 -.m +. 021 
--.OM +. 020 

+.OM -. 021 +. 004 
+.010 -.m 
+. 021 -. 001 -. 003 +. 001 -.ow 
-. 013 +. 001 -. 013 +. 003 +. 05a 

-.oia +. 013 +. 021 
--.OM 
+.m 
+A32 -. 015 
-.m 
-.Mw 
-.Oal 

+. 038 
+.016 
+.m +. 021 
+.a2 
+. 02( -.m +. 044 -. 014 
-.m 
-.OM 
+.m 

+O. OR 
0.ou 

Cor. to d h r d  m p .  
DUt to andincluding 

Zone L 
17.9 mi.). 

Dpnr. 
-a mr 
-.054 -. 070 -. 038 
--.a3 

-. 041 -. oa3 
-.WO 
-.WO -. 081 

-.w -. 058 

-.WO 
-.m 
-.043 

. - .a5  
--.ora -. 05a 
-.oil8 

-.Ma -. 052 -. 034 -. a30 
--.025 

- .a2 -. 046 -. 051 -. 032 
-.055 

-.031 
-.047 -.a -.a1 
--.OM 
-. 035 -.m 
-.a57 -. 018 -. 040 

-.w -.w 

-.ai4 

-om .......... 

Zone M 
36.5 mi.). 

Dync. 
-a WB -.w -. 113 -. 076 -. 120 

-. 082 -. 087 -. 103 
-.075 -. 108 

-.lo4 -. 103 
-. 054 
-.046 

-.074 
-.m 
-.095 -.w 
-.@a4 
-. 058 
-.OB3 
-.051 -. 055 
-.M9 

-.08P 
-.M7 -. as5 
-.062 -.m 
-.M2 -. 080 -. 052 
--.m 
-.067 

--.OB4 
-.053 -. 1w -. 082 
-.OB1 

-.m -. 1% 

-.ai7 

-a 077 .......... 

Anomalies with in+ 
tatic comp. omitted to 

Zone L. 

DjPIC. 
-0.039 
-.081 
--.049 -. 054 
-.043 

--.017 -.os 
' -.OM 
-.MO 
-.M3 

-. 038 
-.a59 
-.a7 -. 023 -. 018 
-.m 
-.M 
-: 088 

+. 014 

-. 043 -. 039 
--.OM -. 046 
- .oa  
-. m 
-.MI 
7 0 7 8  
-.MI 

+.a -. Oz& 
+.m -. 01( +. 001 

-.OM 
-.03i -. 011 
-.OK 
-.OM 

-. 044 
-.Wt 

-0.03; 

-.ma 

-.on 

-- 
aw 

-- 

Zone M. 

Dync. 
- 0 . M  -. 101 --.m -.m 
-.loo 

-. 058 -. 058 
-.m 
--.OR5 --. 110 
-.OB -. 104 
-.OM 
-.047 
-.OM 

-.m 
-.m -. 108 
-.I391 
-.012 

-.ow 
-.m -. 040 
-.071 -. 035 

-.m -.m -. 11s 
-.07l 
--.116 

-. oaa -. Wl +.m -. M 7  -.m 
-.os5 -. 081 
-.054 -. 108 -. 101 

-.m 
-.mg 

-am am 
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Tbe significance of the data presented in this table can not be ignored. They strengthen 
the conclusions derived from consideration of Bouguer anomalies given in Coast and Geodetic 
Survey Special Publication No. 40. In the Bouguer reduction of gravity stations no account 
is taken of the effect of isostatic compensation. 

Referring to the above table it is seen that while the mean isostatic anomaly with regard 
to  sign is +0.005 dyne, the mean anomaly when ignoring the compensation of the topography 
out to 17.9 miles is -0.037 dyne and to 36.5 miles is -0.072 dyne. The means without 
regard to sign for the three kinds of anomalies are, respectively, 0.019, 0.040, and 0.072 dyne. 
Only seven of the isostatic anomalies are over 0.030 dyne. The anomalies resulting from the 
ignoring of compensation for the topography out to 17.9 miles have 25 values of 0.030 dyne or 
greater and out to 36.5 miles have 37 values of 0.030 dyne or greater. 

The data given in the table show clearly a definite relation between the gravity anomdies 
and the topography when the isostatic compensation of even s m d  amounts of topography are 
ignored. One of the strong features of the isostatic anomalies is that there is no apparent 
relation between their size and sign and the elevation of the gravity stations. 

In  the above table there are 22 positive and 20 negative isostatic anomalies, but only 4 of 
the 42. anomalies are positive when the compensation of the topography out to 17.9 miles is 

FIG. 14.4r0up of gravity stations in southern Oklaharma. Fro. lS.-Gmvity stations at Saline, Tex. 

ignored, and only 1 of the 42 anomalies is positive when the compensation of the topography 
aut to 36.5 miles is ignored and that one is only 0.002 dyne. 

The isostatic reduction greatly reduces, and in fact practically eliminates, the dif€erence 
between the computed and observed values of gravity, regardless of the elevations of the st& 
tions and the geographic location of the area. It has been found effective in the United States, 
Canada, and India, where the method haa been extensively used. The method has also been 
applied to a small number of gravity stations in Europe with excellent results. 

RELATION BETWEEN THE SIZE OF THE TOPOGRAPHIC FZATURE WHICH IS COMPENSATED AND 
TBE SIZE OF TEE BLOCK OF TEE U T E ’ S  CRUST INDEPENDENTLY IN EQUILIBRIUBL 

The discussion above of the data of the table on page 34 gives a rather definite idea of 
the size of a topographic feature which does not escape isostatic compensation, but i t  does not 
give any clear idea as to the minimum cross section of the earth crust block which may be inde- 
pendently in equilibrium. It is probable that the compensation of a single mountain peak, or 
a group of peaks, or a single ridge is not all in the blocks directly under these features. The 
compensation probably extends horizontdy to a moderate distance from the features. 

The horizontal distribution of compensation was treated at some length in Coast and Geo- 
detic Survey Special Publication No. 40, pages 85 to 92, under the heading “ Regional versus 
local distribution of compensation.” The conclusion was reached that local distribution of 
the compensation is near& the truth than regional distribution to a distance of 100 miles from 
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Dum. 
-0.006 
+.004 

+.W --.a 
+.010 

the topographic features. There was no evidence in favor of local distribution over regional 
distribution out to a distance of about 40 miles from a feature. Tests were not made for regional 
distribution for any distance between 40 and 100 miles. NtLnsen in discussing the strandflat 
of Norway holds: 

Them f& indicate that considerable b t a t i c  movements may take place. within area no more than a few hun- 

The minimum size of the block of the earth’s crust which may be in isostatic equilibrium 
c&n not be derived, at least with a high degree of accuracy, by the geodetic methods which have 
been employed in isostatic investigations. “he variation in the size of the gravity anomaly 
for a moderate change in the distribution of the compensation is of the order of magnitude of 
the effect of variations in the densities of the materials composing the crust. This makes it 
difEcult if not impossible to evaluate the effect of different horizontal distributions of the 
compensation to moderate distances from topographic features. This problem seems to be 
one for the geologist and geophysicist rather than for the geodesist. 
STATIONS SELECTED TO TEST EFFECT OF ABNORMAL DENSITIES ON GRAVITY. 

The results of the studies in isostasy, the increasa in the number of gravity stations, and 
the conclusion that some at  least of the gravity anomalies are due to abnormal densities in the 

dred kilometera wide, and probably even much smaller.8* 

’ Dyw.  e , .  

28’1. Zandde, Knns .................. 3B oQ.7 96 25.6 -am 
298.DoyleWeUKans ............... 39 125 WI 052  -.M1 

300.Wapanuck8,OMa.. ............. 34 2a1 96 256 +.m 
301.Troy,Okla ...................... 34 18.6 96 46.6 +.OM 

299.&DeCawd,68DS .............. 38 50.4 96 03.6 -.03l 

F~Q. 16.--OravIty stations near Austin, Tex. 

260. Chrksburg W 1.8 .............. 
a(M.%8Alta k.Va ............... ai. Rowlesburb \+. Va. .  ........... 
m. corinth. 14. Va .................. 
284. Pitzmlller,bbd .................. 

earth’s material new the stations, made it 
desirable to conduct experiments in regions 
where the densities of materials are known 
from borings or from field observations of 
exposed geologic strata. 

At the request of the Director of the Geo- 
logical Survey, observers of the U. S. Coast 
and Geodetic Survey were assigned to the de- 
termination of the intensity of gravity at a 
number of stations selected by Dr. David 
White, then chief geologist of the Geological 
Survey. Dr. White is making a study of the 
relation of the gravity anomalies and den- 
sities of materials at these stations and will 
publish the results of his findings. It is prob- 
able .that as a result of this work the pendu- 
lum may be found to be of value in certain 

a0 1B8 

38 28.8 
39 20.8 

39 25.6 
38 23.6 

branches of economic geology. The names of the stations especially selected by Dr. White, 
with their geographic location and their anomalies, axe given in the following table: 

Gravity sfntions selected by Unit& States Geological Survey. 

N . J  ................ ................ ................ ................ 

Number andname olstatlon. Latitude 1 *. 

40 20.0 
40 M.1 
40 m. o 
43 55.8 

I .  ’ 

210 Newcaqtle W o ................. 
271: Bridgeport d b r  ................ 
273. Boulder,Cdo .................... !UZ. Buford, W i o  .................... 

43 51.4 
41 rM.1 
41 07.4 
u) 01.2 

.................. 
.............. ............. 

39 59.8 
38 58.3 
38 44.6 
39 Ot.4 

Longitude 
A. 

. I  

80 20.3 
79 40.2 
78 3 2 8  
79 20.4 

14 47.6 
74 1 2 2  
14 35.8 

103 34.1 

104 11.8 
103 0 5 9  

105 16.6 

1M a 2  
104 48.8 
106 31.1 
97 0 1 6  

?B la4 

105 la8 

............... 
.................. 
................ ................ ................ ..................... 
.............. ............... ............. ............... 

Fri~lljol K:mscii. “Thv str:iiitlll:it ani1 i.cust;isy.” I Koniniisriun TI@ Jnwb Dyhwad. Kristiania. 19?2. 
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The location of many 
of these stations and the way in which they are grouped axe shown in Figures 9 to 16, inclusive. 

Complete data for these stations are given in Part I1 of this report. 

COMPUTATION OF EFFECT OF LOCAL DEVIATIONS OF DENSITY ON GRAVITY. 

Tables have appeared in U. S. Coast and Geodetic Survey Special Publications Nos. 10, 
12, and 40, and in Professional Paper No. 17 of the Survey of India,. by which one can compute 
the effect of certain masses on the value of gravity. An extension of these tables is given below: 

Attraction ofcyhdrkul b W s .  

[sbti0118t center Of Upper Surface. Density-1.1 

I Radius of block in miles. 

Dy&. 
0.012 .on' 
.MB 
.034 
.038 

Feet. 
1,oao.. ........... 
Po00 ............. 
a:m. ............ 
4MO ............. 
5:000. ............ 

Dyru. 
0.012 
.m 
.03l 
.039 
.a5 

Dyne. 
. 0.010 

.017 

.@I 
' .ou 

.035 

Dum. 
0.012 
.ON 
.095 
.015 
.054 

Dyne. D p b .  
0.012 aoiz .oar .m5 
.035 .036 
.046 .046 
.055 .a56 

1 Dpnc. 
0.013 .m5 .m 
.MS .w 

2 

Dpnc. Dune. 
0.013 0.013 .m .w 
.@7 .037 
.048 .MS 
.059 .OB0 

7% .w . oa3 
.042 
.050 

.a58 

.OB3 . OB8 . a73 

.077 . a34 

.090 

.094 

. OB8 . loa 

.lo8 

.112 

6,m ............. 
7000 ............. 
9,000.. ........... 

lO,,oOO.. ........... 
12,wO.. ........... 
14,wO ............. 
16,OOO.. ........... 
18,wo.. ........... 
a0,m.. ........... 
Boo0 ............. 

a:OOo. ............ 

S0;m. ............ 

?%a 
.024 
.034 
.044 
.051 
.OB0 
.OB7 
.071 .om 
. QB5 
.094 
.lo2 
.1Qs 

.113 

.llS 

.I26 

.133 

.OB -043 .051 

.ms. .045 .om 

.MB .047 .ow) 

.OB .049 .OB3 

. O S  .051 .OB6 .w .053 .07l 
-031 -055 -075 
.031 -057 .078 

.031 .os .om 

.032 .058 .083 

.a32 .OB0 .os6 

.032 .OB3 .OM 

3 I 3i I 4- 

.089 

.079 

.088 

.098 

.lo6 .la 

.138 

.152 

.165 

.178 

.200 

.a1 

.070 .MO .in1 

.os0 .090 .OB1 .om .Wl .OB1 .om .loo .lo1 

.Ios .I10 .lIl 

.125 .127 .lZ9 

.141 ,144 .140 

.156 -159 .162 

.la9 .I73 .177 

.I82 .187 .191 

.308 .215 ,221 

.a31 .a9 .a47 

Miles 

- 
4 l  

DYW. 
0.013 
.m5 
.036 
.a47 
.057 

.067 

.of7 

.OM 

.094 

.m 

.117 

.130 
-142 

.153 . I02 .la 

.188 

- 

- 

- 
5 - 

2% .m .oae 
.047 
.a58 

,068 
,078 . a37 .m 
.lo4 . la0 
.134 
.147 

,159 
.170 . 191 . 210 - 

?%3 
.w5 .m 
.048 
.058 

DYW. 
0.013 . m5 
.a37 
.049 
.080 
.w1 .osa 
.m . loa 
.I12 
.130 
.11s 
,165 

.180 

.195 

.m 

.a55 - 

Fm. ll.-Attractlon of cylindrical m. 

The use of the above table is facilitated by Figure 17. The horizontal distances from the 
station, shown as a dot a t  the center of the top line, are in miles and the depths are in feet. 
The values of the attraction given in the table are in dynes. One one-thousandth of a dyne 
corresponds to one part in one million of the earth's attraction. The density of the material 
was taken as Unity in computing the table. In order to get the attraction for a mass of greater 
density, say 2.65, simply multiply the tabular value by this number. If the effect in any 
volume of an excess or deficiency in density is desired, multiply the excess or deficiency by the 
tabular value for that volume. For instance, if the excess is 0.34 and the tabular value is 0.015, 
the attraction is i- 0.004 dyne. With a deficiency of density the result will be minus. Several 
examples of the use of the table and diagram are given below. 
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What is the deet of a deficiency in density of 0.45 in a cylinder 1 mile in radius, 5,000 feet 
in length, with the upper end 3,000 feet below the station? From the table it is found that the 
&at of a column 8,000 feet in length and 1 mile in radius is 0.047. Also for a column 3,000 
feet in length and 1 mile in radius the &e& is 0.028. The difference between the two, 0.019, 
multiplied by 0.45, is the effect sought. This equals 0.009 dyne. 

What is the &e& of a deficiency of density of 0.35 in a cylinder 10,000 feet long and 2 miles 
in diameter, with its top at the surface and its axis 3 miles from the station ? The value sought 
can not be gotten direcdy from the table, but we can obtain it by an indirect method. 

The attraction of a cylinder 4 miles in radius and 10,000 feet long, with top at  the surface 
of the earth, is 0.099 dyne. Similarly, for a cylinder 2 miles in radius and 10,000 feet long the 

Am attraction is 0.77 dyne. "he difference between the attrac- 
tive effects is 0.022 dyne. 

8. The area of the crass section of the hollow cylinder is 37.7 
square des. !Che area of a circle 2 miles in diameter is 3.1 
square miles. T h d o r e ,  the ratio, 3.1 divided by 37.7, 
multiplied by 0.022 dyne, the attraction of the hollow cylin- 
der, will give the attraction of the cylinder 2 miles in radius, 
which equals 0.0018 dyne. Now, multiply this by 0.35, the 
dediciency of density, and the answer is 0.0006 dyne. 

Let the conditions be as in the above problem except that 
the top of the cylinder is 5,000 feet below the surface. First, 

1(c--Athaetlan ~lndennite - we find the value of a cylinder 4 miles in radius and 15,000 feet 
in length with its top at  the surface. The value is 0.130 dyne. From this subtract the effect 
of a cylinder 4 miles in radius and 5,000 feet in length, 0.056 dyne. The difference is 0.074 d p e .  
Next, take the value from the table for a cylinder 2 milea in radius and 15,000 feet in length, 
0.092 dyne. From this subtract 0.050 dyne, the value for a cylinder 2 miles in radius and 6,000 
feet in length. The difference is 0.042 dyne. Subtract 0.042 dyne from 0.074 dyne and we 
get 0.032 dyne, which is the value of the 
effect of a hollow cylinder with inner radius 
2 miles and outer radius 4 miles, 10,000 feet 
in length with its top 5,000 feet below the 
surface. As in the previous problem, mul- 
tiply the ratio of the area of the circle 2 
miles in diameter to that of the cross sec- 
tion of the hollow cylinder, 3.1 over 37.7, 
by 0.032 dyne, and we have 0.0027 dyne 
as the attraction of the cylinder for unit 
density. Then multiply 0.0027 dyne by 
0.35, the deficiency of density, and we get 
0.0009 dyne, the value sought. 

It is readily seen that from the table one 

massea of various dimensions situated in 
different positions from the station. For a sphere or cube an equal volume of the hollow 
cylinder can be used with sufEcient accuracy. 

Should the table not be comprehensive enough it may be readily extended. The formula 
for the attraction in dynes of B right cylinder on a unit maas (1 gram) locatad outaide the mass 
but on its axis is 

2r KS(@Za - @T(KT@ + t }  

in which K is the gravitation constmt, 8 is the density of the material, c is the radius of the 
cylinder, I is the length of the element of the cylinder, and h is the distance from the attracted 
mass to the nearest end of the cylinder. 

I"'/' ' 7 / /  g?mfi 
' 1' 1' /,/,////I /;;5 / 

/ ' /  / /  

1 i  Duhd WIO# c.rm m & n  io ihdmm 

&mb;26I 

can obtain the value of the attraction of FIG. 19.-Relative sirt?s of m 8 ~ 8 8  of diflerent farmi having equal 
nttraellve stlecta. 

The value of Rmay be taken a8 6673 
a Bee U. 8. Coest and Geodetic 8 w e y  Special Publication No. 10,1919, pp. la and 17. 
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If it is desired to know what excess or deficiency from normal density in a given volume of 
materid situated in a certain position with relation to the station would cause a certain gravity 
anomaly proceed as follows: From the table and diagram obtain the effect of the same volume 
of material of unit density, then divide the anomaly by the value obtained to get the desired 
excess or deficiency in density. For instance, if the tabular value is 0.015 dyne and the anomaly 
is 0.010, the density sought will be 0.67. It will be plus for a positive anomaly and minus for a 
negative anomaly. 

RELATION OF DEPTHS OF COMPENSATION, HORIZONTAL. FLOW, AND EQUAL 

In isostatic investigations it haa been assumed that the compensation under topographic 
features, such as a mountain system or a continent, extended to the depth at which the materid 
changes from a solid capable of resisting horizontal stresses to a solid which is plastic to hori- 
zontal stresses. It is certain that the compensation must be above this depth, but it is very 
improbable that it always or even often extends exactly to that depth. 

The lowest depth at  which the material loses its power of resistance to horizontal flow 
should really be called the depth of equal pressure rather than the depth of compensation. If 
the compensation does not extend to the plastic depth for each block of the crust, then the 
computed depth, approximately 60 miles, which we get from the isostatic investigations does 
not coincide exactly with the depth at  which pressures exerted by the blocks are equal. 

The compensation under a mountain mass is caused by an expansion of the underlying 
column which, before the uplift began, was a column under a sedimentary area. If the expan- 
sion of this column under the sedimentary area extended all the way to the depth of equal 
pressure and if the expansion were uniform throughout the column, then the depth of compen- 
sation would coincide with the depth at which flow may take place horizontally, but for any 
given feature it may be that the expansion is only to a depth somewhat above the depth of 
equal pressure. As the compensation is the cause of the surface elevation, it may be that the 
change of density does not take place throughout the whole depth of the isostatic shell. 

In spite of what has been said above we must conclude that there is only one way to deter- 
mine, with any degree of accuracy, the depth to which the compensation extends; that is, by 
making use of the geodetic data in the form of deflections of the vertical and the intensity of 
gravity. T h e  depth of compensation may be different at different places, but in nwevent will 
it extend below the depth of flow and on the average is probably not very far above it. 

' PRESSURE. 

EFFECT OF TEMPERATURE OH DEPTH OF HORIZONTAL FLOW. 

The depth at  which a change from resistance to yielding takes place in the material of the 
earth depends on the physical characteristics or conditions at that depth. It is probable that 
the physical conditions a t  a depth of from 50 to 100 mil- below sea level make the resistance 
of the material to flow considerably different from that near the surface. The resistance 
undoubtedly would be the same at any particular depth around the whole earth if the chemical 
composition of the rocks were the same throughout each layer and if the temperature and pres- 
sure were approximately the same; but it is reasonable to suppose that. the geoisotherms are 
not at uniform distances below sea level. It is quite certain that they are somewhat lower than 
normal below areas of sedimentation and are elevated under areas of erosion. They may have 
different depths under oceans than under continents. 

It seems probable that the chemical composition of the material near the upper limit of the 
plastic matter is nearly the same around the earth. If i t  should be decidedly different in differ- 
ent places, then we should expect the resistance to flow to be different also. Two different 
materials of the same temperature may have very different strength or plasticity. 

EFFECT OF THE THEORY OF ISOSTASY ON GEOLOGICAL THEORIES. 

The results of geodetic investigations indicate that the outer portion of the earth is in a 
condition of hydrostatic equilibrium at some depth of the order of magnitude of 60 miles below 
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sea level. Each of the blocks of the earth’s crust, possibly of the order of magnitude of 100 
miles square, exerta very nearly the same pressure on the horizontal surface below sea level 
called the depth of equal pressure. A logical conclusion from the fact that the earth’s crust 
is now everywhere in isostatic equilibrium is that it has been in this condition for geological 
ages past. 

If we assume the conditions outlined in the paragraph above, we find that some very 
important geological conclusions must result. Elevated areas are not extra loads on the earth’s 
crust or isostatic shell. It would appear, therefore, that as the columns are in equilibrium 
now and were in equilibrium in the past material was not brought to the elevated areas and 
placed on the blocks of the earth’s isostatic shell under them to form the high ground. Areas 
of sedimentation from which mountain masses are formed are found to be in isostatic equi- 
librium and mountain areas are also; therefore, the forces which uplift mountains are not 
horizontal. If they were horizontal, there would be extra loads on the blocks of the isostatic 
shell, but the geodetic data furnish evidence that the mountains are not estra loads and there- 
fore must be caused by vertical forces which do not bring extra material into the column. 
These vertical forces expand the material of the original column sufficiently to change the 
elevation of the surface. 

If mountain areas are raised by swelling the material in the columns, then there need be 
no disturbance of surrounding columns, except as these surrounding columns yield to shearing 
resist,ance and the friction of the upmoving material. It is probable that as the mountain 
column moves upward the material of the surrounding blocks is to a certain extent dragged 
along with it, thus causing more or less an upward movement of the area surrounding or to the 
side of the uplifted area. The extent of the upward movement in the outside areas is undoubt- 
edly quite small in comparison-with the uplift of the mountain. 

In nearly all mountain areas there have been horizontal movements which have caused 
crushing, faulting, folding, overfolds, undert.hrusts and overthrusts, but it is believed that 
these may be only incidents to the vertical movement caused by the expansion of the material 
in the column. Mountain masses usually occupy rather broad and long bases, and such areas 
appear ample in extent to allow horizontal movements to develop ~ I J  incidents to uplift from 
vertical forces. There is much evidence in mountain areas that horizontal movements are 
very local in their extent, and this is in harmony with the vertical uplift theory but out of 
harmony with the theory that the mountain masses are formed by regionally acting horizontal 
forcee. 

PROBABLE CAUSES OF VERTICAL MOVEMENTS. 

If the theory is correct that mountains are caused by the expansion of the material of 
B e  isostatic column or block below them, what causes the expansion to take place? There 
must be a change in the density of the elevated column, for the column was shorter before 
uplift began, and there is the best of evidence that all large sections of the isostatic shell are 
in equilibrium. , 

I t  is probable that the cause of the espansion of the material of a column under an area of 
sedimentation is the previous depression of the column during sedimentation. There is evidence 
that deposits as thick as 30,000 feet or more may occur. Let us assume there was a thickness 
of 30,000 feet of deposits over an area such as the one now occupied by the Himalayan mountains. 
The sediments were probably all deposited at  or very close to sea level, and this indicates that 
as the sediments were laid down the block or column under them was pushed down deeper into 
the earth. As the subsidence of the block took place no doubt the material below its lower 
end moved off horizontally to reestablish or tend to reestablish the balance between the sedi- 
mentary area and the area or areas of erosion. All of the material of the column below the 
sediments was pushed down, say, 6 miles. A change of depth of 6 miles must result in every 
particle of the column being heated to a temperature much higher than before subsidence 
began, perhaps several hundred degrees. It is not known, of course, what the temperature 
gradient is throughout the earth’s crust, but undoubtedly a low zone is much hotter than one 
Borne distance above it. 
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It is possible that as each element, of the crustal material sank down during sedimenta- 
tion it did not immediately assume the temperature of the new depth attained by it?’ When 
it did assume the new temperature, chemical or physical action or a combination of these 
might have occurred to chanp the volume of the material. The material at any point h the 
subsiding column was under greater pressure than obtained before subsidence began but was 
dso at a lugher temperature. It is possible that the increase in temperature more than offset 
the increase in  pressure and brought about the expansion necessq  to elevate the surface. 

We have evidence that mountain masses which existed in the past have been base-leveled 
a d  the areas w e  now at a very low elevation or even below sea level. On the theory that 
vertical forces cause action within the isostatic shell, what can be the cause of a subsidence of 
an area that was once high above the sea level 8 

While a mountain area or any land area is being eroded material is brought into the lower 
pert, of the mlumn to reestablish the isostatic equilibrium. This tends to maintain the average 
elevation of the area of erosion, but the material that is brought into the base of the column or 
block under the area of erosion is probably somewhat denser than the material that is eroded 
from the surface. It is a reasonable assumption that the material that flows into the base of 
&e oolumn is at least 10 per cent denser than the eroded matter. Therefore, when 1,000 feet 
of material is eroded from an area we should expect only about 900 feet of material to be brought 
into the base of the column, and as a result the surface would be 100 feet lower than before 
*he erosion began. In  order to lower a mountain mass 5,000 feet by this process, it would be 
nemssary to erode about 50,000 feet from the mountain area. 

Let it be assumed that 30,000 feet of material has been eroded from a mountain area, and 
&at the surface is 3,000 feet lower than it, was at the time that the erosion began. This amount 
of subsidence is not sufficient to lower the surface of a great mountain range to sea level. Them 
may be another cause for the lowering which, working together with the one previously out- 
lined, would cause the total subsidence of which we have evidence. 

Aa the isostatic adjustment takes place in the columns or blocks under an area of erosion, 
ev0ry particle of the block is elevated by the amount of the thickness of the material brought 
into the column to restore the isostatic adjustment. When 30,000 feet of material has been 
eroded from the mountain area, then approximately 27,000 feet of material has come into the 
wlumn under the eroded area, thus lifting all parts of the column approximately 5 miles. Ea& 
particle of the column has, therefore, been carried upward, to a zone that has a norms1 tern- 
perature much less than the zone in which it wm before the erosion began. It is probable that 
the diflerence in temperature for a difference in depth of 5 miles is several hundred degrees. As 
the material assumes the temperature of its new zone some chemical or physical action probably 
results from the change in temperature and makes the material assume a greater density with 
a resulting contraction of the column and a lowering of the surface even below sea level. In 
the last stages of base leveling there would be operating simultaneously erosion, isostatic adjust, 
ment, and contraction. 

Apparently, therefore, sedimentation alone is not the primary cause of the sinking of the 
earth‘s surface. Sedimentary material placed on the earth, where there is not an independent 
subsidence, would soon elevate the surface of the area in question to such an extent that further 
sedimentation would cease. When the earth’s crust yields under an added load, material just 
below the column probably moves horizontally toward areas of erosion. The material that 
moves from the base of the column is probably from 10 to 20 per cent denser than the mat,+ 
rial that is deposited at  its upper surface. Suppose 5,000 feet of sediments were deposited on 
an area and that the earth’s crust were so weak as to permit of a perfect hydrostatic djusb 
ment of the column, thus causing an equal mass of material to flow from the base. If the 
materid leaving the base of the column were 20 per cent denser than the sediments, we should 
expect the original column to be shortened by only 4,167 feet, and the surface of the s e h e n b  
would be elevated 833 feet above the original level before sedimentation began. 

See “Notes on Isostasy,” by C. E. Van Orstrand. which forms an appendix to an article entitled ‘‘Building of the 8)outh-n R-y ~ m -  
tatrs,” by WWi T. Lee. Bulletin of the Geological Sodety of America, June 30,1823. 
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It is known that where heavy sedimentation has taken place the sediments have all been 
deposited a t  a rather low elevation. We may, therefore, conclude that there has been an 
actual subsidence of the baae on which sediments were deposited independent of the subsidence 
due to the weight of the sediments. I t  is possible that the process by which a mountain area 
becomes base leveled and even carried down below the sea level may be the determining factor 
in deciding where new sedimentation shall occur. In  this discussion of sedimentation it is 
assumed, of course, that we are dealing with areas where very heavy sedimentation is occurring, 
such as in the Indo-Gangetic plain and like places. 

It has been suggested above that the cause of changes in density might be the decided 
ohanges in temperature under an area undergoing sedimentation and under an area where 
great erosion is taking place. That there has been a change in densitj in the materials of the 
block of the isostatic shell between the time the block was subject to sedimentation and the 
time it was subject to erosion is beyond question. If there are not different densities in columns 
whose surfaces have different elevations, then the whole theory of isostasy fails. If there are 
different densities, and there is no reason to doubt it, then we might well accept as a working 
hypothesis this process of change in density as the cause of the uplift. Investigations and tests 
will show whether it is sound .or must be abandoned. 

ISOSTASY, A GEOLOGICAL PROBLEM. 

I t  is believed that the theory that the expansion of a column is the cause of mountain 
formation will be far'easier to defend than has been the theory that mountains are formed by 
regionally acting horizontal thrusts and horizontal movement of material in the crust. 

Some of the great outstanding problems in geology may have some light thrown on them 
by careful analysis of the resulh of the isostatic investigations. I t  is probable that earth- 
quakes and volcanoes are incidents to the changes in elevation of the surface of the earth, 
due to the processes involved in the isostatic adjustment or to the changes in density in the 
earth's crust. Dr. H. S. Washington has been investigating the relation of the densities of 
igneous rocks as derived from chemical analyses to the elevation at which they are found, and 
it is possible that his researches combined with consideration of the isostatic data may throw 
some light on the question of the stability of continents and oceans throughout geological times. 

Isostasy has really become more of a geological than e geodetic problem, and it is only due 
to the fact that the geodesist had material at  hand which was being used in the determination 
of the figure of the earth that he was able to undertake investigations in the theory of isostasy 
on a much greater scale than has been done by the geologist. It is reasonably certain that 
there can be very little further progress in isostatic investigations unless the geological phases. 
of the question are carefully and fully considered. 

UPLIFT OF MOUNTAINS. 

The results of isostatic studies in the United States and in India have led to the rather 
de6nite conclusion that light materid of the Cenozoic formation is the cause of the negative 
gravity anomalies at stations located on that formation. In  the United States we have 100 
gravity stations on the Cenozoic formation, and 66 of these have negative anomalies. 

It is hardly possible that in any column that has been subject to heavy sedimentation for 
a geological period the amount of material is subnormal. It is more logical to conclude that 
there is more material in the column than normal, because the column has been sinking under 
the added load. After the sedimentation ceases the area may be raised into a mountain mass. 
In  fact, this has often occurred. The question immediately arises as to how a mountain can be 
formed in a column which is already normal in the amount of mass or has possibly more than 
the normal mass. 

Studies of the gravity results and of the deflection of the vertical show that mountain masses 
are in a high state of equilibrium. Therefore, if a mountain mass has been formed over a col- 
umn which was subjected previously to heavy sedimentation, it can not be an extra load on the 
column. 
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If the mountain mms is not an extra 104, then it could not have been brought from some 
other area to the one it now occupies. In other worda, it could not have been transferred 
horizontally to its prasont position. If the mountain mass is not an extra load, it could not 
have been cawed by lateral thrusts operating in the earth’s isostatic shell and extending far, 
horizontally, beyond the mountain mea. If the mountain mass is not an extra load, was not 
transported to its present position, and was not caused by lateral thrust acting regionally, 
then i t  must be due to local causes. 

The only local cause that seems to be a reasonable one is a change in density in the col~mn 
under the mountain. There must have been expansion due to some process going on locally 
in the isostatic shell. Just what this action is we do not know, nor does it seem possible to 
find out, for we can not reproduce at  the surface the conditions that exist far below. But 
there seems to be no doubt that some changes in density have occurred. 

The mountain mass is not a permanent feature on the face of the earth, as is shown by the 
fact that on most mountains evidence is found that the material was at some time at  or below 
sea level. There seems also to be geological evidence that some areas that are now low in 
elevation were at  one time occupied by mountain systems. This indicates an oscillation of the 
earth’s surface, a rising and falling to the extent of many thousands of feet. Since areas that 
were once low and are now very greatly elevated or that were once high and are now low are 
still in isostatic equilibrium, there must have been a change in the density of the column with 
the change in height of its surface. 

It is not known just how these changes have been brought about, but it is certain that the 
base of sedimentary material which was once approximately at sea level has in some casea 
been depressed several miles. On the assumption that the temperature increases with the 
depth, each part of the greater portion of the column under the area of heavy sedimentation 
has been depressed into a zone that was much hotter than the zone from w-hich it came. This 
movement of material from one vertical zone to another which is much hotter may start chem- 
ical or physical action and cause the material to change its density. 

I t  is probable that the isogeotherms do not maintain their normal depth with the depres- 
sion of the material under an area of sedimentation. They may be depressed with the material, 
and after sedimentation has ceased they may rise to their normal position. If this is the case, 
all of the material of the depressed column would finally become hotter than formerly, and this 
change of temperature might be enough to cause physical or chemical action resulting in 
expansion. 

There is abundant evidence that there have been horizontal forces at  work to distort the 
sedimentary strata in a mountain area, and we have evidence of overthrusts or underthrusts 
which extend for a number of miles. This, on first thought, might lead one to conclude that 
the mountain formation could not have been the result of vertically acting forces. However, 
the base of a mountain system is usually quite large. The Appalachian system is approx- 
imately 200 miles wide on an average. This appears to be a suiliciently large area to permit 
the development of horizontal movements incidental to the uplift. It seems reasonable to 
suppose that when the sedimentary material is laid down the area of sedimentation is depressed 
different amounts in different parts due to the fact that some parts are more heavily sedimented 
than others. This irregular subsidence might cause the subsequent uplift to take place in dif- 
ferent sections of the area affected a t  different rates and at different times. Distortion of the 
strata of the sedimentary material must occur whenever a local area is uplifted with the sur- 
mundinu regions quiescent. The uplifted material probably follows the line OI least resistance, 
and inclined and even horizontal movements will develop, at  least near the surface. 

There is evidence that much material of the earth has been uplifted without distortion of 
the strata. The strata of the great plateaus of the west are practically horizontal, and these 
strata extend for many miles. These plateaus are not the result of horizontal thrusts. They 
have been found to be in a state of nearly perfect isostatic equilibrium, and therefore their 
materials are not extra loads on the earth’s isostatic shell. If they are not extra loads, then 
there must have been changes in the densities of the columns under them if the material forming 

? 
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them was deposited at  or below sea level. The column under a sedimentary area will not have 
less than normal mass before the uplift begins. 

Although he was an advocate of only regional isostasy, Barrel1 recognized the necessity 
for having a decrease of density under the Colorado plateaus in order to account for their 
uplift. In Part I, Strength of the Earth's Crust, Journal of Geology, January-February, 1914, 
page 35, he makes the following statement: 

There are difficulties, however, in using ancient base leveled surfaces now upwarped IUI measurea of the previous 
strees. It is known that a region like the Colorado plateau, which now stands markedly high, tended to lie near sea 
level from the beginning of the Paleozoic to the end of the M d c .  Presumably a decreaae of density within the 
Eone of iaOatrrtic compensation has taken place here during the Cenozoic and the uplift has accompanied or followed 
the intezpsl change. 

"here seems to be no reason to doubt the theory that mountain masses and plateaus have 
been uplifted aa a result of decrease in the density in the column below them and not by 
horizontal thrusts developed in great areas beyond the limits of the uplifted material. The 
theory that a mountain system has been caused by lateral thrusts originating from a distance 
supposes a very anomalous condition. The theory implies that the earth's crust is competent 
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to carry thrusts that would squeeze up mountains and plateaus and at the same time that it is 
80 weak that it can undergo the distortion incident to the movement causing the uplift. TO 
be concrete, the Appalachian system is supposed by many to occupy m area that is many miles 
narrower than the area occupied by the material before the uplift began. Let us assume that 
the m o u n t  of contraction is 20 miles. If the regional horizontal thrust theory is correct, this 
means that some of the material in the areas beyond moved toward the mountain area as much 
as 10 miles, or one-half of the shortening of the width of the base of the mountains, assuming 
that movement occurred from both sides. If we should consider a number of imaginary straight 
lines a few miles apart parallel to the axis of the mountains to have been drawn on the earth's 
surface before the movement began, then each of these lines would become bowed during the 
mounhin formation to the extent of making the centers of at least the near ones 10 miles 
distant from the positions occupied originally. 

This, it seems, is an inconceivable situation because no structure that is so weak as to be 
distorted to this extent could possibly transmit the stresses necessary to hoist the mountains. 

. 

(See fig. 20.) 
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From an engineering standpoint we can not conceive of horizontal movements originatsing 
outside of the area occupied by the mountains as the cause of mountain uplift. It seems 
illogical to suppose that the necessary forces could have originated in vast areas which were 
quiescent, apparently, at  the time that the mountain masses were formed. Tremendous forces 
are required to throw up a mountain mass, and these forces must be developed in some way. 
The advocates of the theory of regional horizontal thrusts may advance the idea that the 
earth has contracted and that this has caused the crust or isostatic shell to buckle and thus 
cause mountain masses, but, if such contraction has occurred, it would be more logical to 
conclude that the isostatic shell has simply become thicker as the radius of the earth has 
decreased. This thickening might have occurred locally wherever the radius was shortened, 
or if the radius were shortened throughout the whole earth then the whole lithosphere or 
isostatic shell might have become thicker. There must be tremendous friction between the 
isostatic shell and the material below the shell, and it is hardly possible that the isostatic shell 
would move over the nucleus and cause some portion of the shell far removed from the forces 
to rise up as mountains. 

Of coume, the advocate of the theory of horizontal thrusts has the support of the fact 
that material below the shell must move from the vicinity of a block of the shell undergoing 
sedimentation toward one that is being unloaded. This must be taking place all the time in 
order to maintain the isostatic equilibrium of the areas of sedimentation and areas of erosion. 
To what extent this flow of material differs from the flow that would be necessary to cause a 
mountain mass is not known, but if the earth’s material has an undertow which keeps the 
isostatic equilibrium in a high state of perfection the isostatic shell must be quite weak and 
therefore incapable of accumulating stresses and exerting thrusts of great magnitude. The 
isostatic flow seems to be a movement which is more or less free. It may not be a hydrostatic 
flow, but it produces the same results as if it were?s 

The theory of isostasy is based on the idea of the existence of lighter than normal material 
under elevated areas, and this theory is widely accepted to-day, but that the changing from 
normal to subnormal density caused the uplift, independently of the action of regionally acting 
horizontal forces, is an idea which has not met with the favor that i t  appears to deserve. 

In  an interesting and valuable paper entitled “Building of the Southern Rocky MountainsJJJa0 
Willis T. Lee made a quantitative test of the vertical uplift of mountains. He concludes his 
paper with the following paragraph: 

In conclusion, two critical considerations may be emphasized First, changes in density due to flow of heat are 
dow and they usually oppose crustal movement, halting and finally reversing it. Second, a column of rock made 
light by increased temperature and decreased density may rise aa the top is eroded away, in the manner illustrated 
by ice, which rises in water as the upper part is melted. Because of the tendency of the column of rock to behave 
88 a floating m m  the rise is not restricted to the mere expansion of the maes. A search for cause of the building of 
the southern Rockies fails to reveal evidence of lateral thrust of sufficient magnitude to account for them by cru~tal 
shortening. Field observations indicate that they were formed chiefly by vertical uplift. Considering available 
~ources of information, local forces acting within the crust beneath these mountains seem competent to build them 
without calling on forces originating at a great distance. 

FOLDING IN PAULLEL RIDGES. 

It is very difficult to conceive of a disk Qf viscous material buckling in parallel ridges from 
regional lateral pressure through surface strata. If a disk were subjected to excessive lateral 
stresses, it would undoubtedly fail along some one line, and further esertion of the pressures 
would exaggerate this initial failure. It is inconceivable that the disk would fail in such a 
way as to make its surface corrugated. We have in some cases parallel ridges in the form of 
foothills skirting the main ridge of a mountain. If these ridges were caused by lateral press=, 
exerted from regions far beyond the base of the mountain mass, i t  is difficult to see how these 
__ 

a Bailey Willls in a recent article advanced 8 theory as to the way in which the isostatic flow may take place. Sea “Disealdal structure ob 
~lithosphere,” Bulletin of Qdogieal Society of Amerlar, June 30,1920. 

Presented at the annual meet i i  of the Qeological Bodetp of Amerlca. Published in Bulletin oPQeologicrl Society of America, June 80, I-. 
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pardel ridges, often rather symmetrical in character, could be brought about. If one of 
these ridges were formed by the regional lateral thrust, we should expect it to be increased 
by continued pressure rather than that the thrusts carried through this distorted area would 
cause the uplit of additional ridges beyond the h t  one. If the earth’s outer strata were 
strong enough to throw up mountain m-, then they would certainly be too strong to buckle 
locally into these low parallel ridges. Again, if the earth’s crust were so yielding as to permit 
the formation of these low ridges, then it would certainly be too weak to throw up the high 
mountain masses or to maintain them as extra loads on the earth. It seems probable that 
the folded parallel ridges are caused by horizontal thrusts and movements of a local character. 

SUBSIDENCE OF AREAS OF SEDIMENTATION. 

Heavy sedimentation sometimes occurs in an inland area where the surface of the sedi- 
mentary material remains at approximately the same elevation as the former elevation of the 
base on which the sediments are laid. The fact that this is true in the Indo-Gangetic plain 
made it difficult to explain some of the geodetic data collected in that region. 

In Burrard’s recent paper 37 he discusses at some length this question of the elevation of 
the surface of the sediments in the Indo-Gangetic plain. After arriving at the conclusion 
that the gravity anomalies, nearly all of a negative character in this region, are an indication 
of a condition of isostasy, he asks how large amounts, 40,000 feet, more or less, of sedimentary 
material of low density can take the plqce of an equal volume of material of greater density 
which flows from the base of the earth block under the sediments. 

Thie is an important problem which can not be explained except on the assumption that 
the material below the sediments has increased in density during the sedimentation. If the 
column were in isostatic equilibrium when sedimentation started, then after the sediments 
were deposited it could not have less material in. it than normal for the co€umn would not sink 
if it were lighter than normal. 

If the only activity in the column were one to perfect the isostatic balance as sedimen- 
tation proceeded, then there would be a gradual rising of the surface of the sedimentary area 
as the light material was deposited, until sedimentation ceased. This is due to the fact that the 
sediments are lighter than the material flowing out at the bottom of the column, and therefore 
the column would subside into the earth only about 80 or 90 per cent of the thickness of the 
sediments. The remaining thickness of the sediments would stand above the original level. 
For instance, 10,000 feet of sediments would cause the column to sink approximately 8,000 feet 
into the earth and 2,000 feet would stand out if the difference in the densities of the materials 
at  the two ends of the column were 20 per cent. But this is not the case in the Indo-Gangetic 
plain, and we must conclude that. the material in the column under the sediments has increased 
in density. The cause of this increase in density is, of course, not known, but it may have been 
due to some chemical or physical action other than the ordinary thermal contraction. Whether 
all of the s h r i n k i i  of the column and increase in the density of material occurred during the 
sedimentary period or whether some of the change took place before sedimentation started is 
also unknown, but probably some of the change took place before sedimentation started and 
decided the area in which sedimentation occurred. In order that the condition of isostasy may 
exist there must be increases and decreases of density in the isostatic shell. An increase in 
density must have occurred under the Indo-Gangetic plain. 

PERIODIC UPLIFT AND SUBSIDENCE.’ 

After a mountain has become base leveled by the processes of erosion, isostatic adjustment, 
and shrinkmg, the surface of the column may be brought below sea level or at least much lower 
than the surrounding country and the area may be subjected to very heavy sedimentation. 
After this sedimentation haa progressed to such an extent that the new material is tens of 
thousands of feet thick the area may again become one of uplift. This process of 1owering.and 

,m Investigations of Isostasy in Elmalayan md Nelghborlng Regions. Profdonal Paper No. 17, TrigonometrIarl Survey of In&, Dahn Dun, 
1917. 
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uplift may occur a number of times in the same region. The Alps is a case where the area 
has been several times below sea level and a like number of times a mountain region. A di%- 
cussion of this process is given in a paper by the author entitled “The earth’s crust and isos- 
tasy, ” which appeared in the Geographical Review, Vol. XII, No. 4, October, 1922. 

DXRECTIQIP OF OVERTHRUSTS. 

Much has been written about the extent to which overthrusts or underthrusts have occurred 
in mountainous areas, but the direction of thrusts with relation to the axis of a mountain system 
has not been carefully considered. If mountains are caused by regional horizontal movements, 
then the thrusts should evidently be toward the axis of the mountains. 

If the mountain masses are caused by vertical uplift due to an expansion of the material 
in the column under the area affected, the thrusts should ordinarily be away from the center or 
axis of the mountain system toward the edges. There might be areas, however, in which the 
maximum upward movement occurred near the edges of the mountain mass and this might 
cause a thrust toward the center of the area rather than toward the edges. This might occur 
when the greatest thickness of sediments esisted near the margins of the affected area. (See 
p. 50.) The profiles of mountain ranges should be studied carefully to see what are the direc- 
tions of the overthrusts or underthrusts.s8 

ISOSTATIC EQUILIBRIUM OF DELTA AREAS. 

The h t  part of a series of papers by Joseph Barrell, entitled “The strength of the earth’s 
crust,” in the Journal of Geology, Vol. XXII, 1914, deals with geological tests of the limits 
of strength of the outer portion of the earth’s material. In  the introduction Barrel states: 

The capacity of the outer crust to mist vertical stresses is an important field in the theory of dynamical and 
structural geology. On the one hand, i t  is known that the larger segments, those of continental and oceanic propar- 
tione, rest to a large degree in isostatic equilibrium, the subcrust of the continental areas being lighter than that of the 
oceanic areaa in proportion to the regional elevation. On the other hand, the minor features, thoae which enter into 
the composition of the landscape, are known to have been sculptured by external forces and are to be explained, there- 
fore, as sustained by reason of the rigidity of the crust. 

Between these two extremes in magnitude of terrestrial relief lie mountain ranges, plateaus, and baaha, made in 
part by tangential forces modified by erosion and sedimentation. To what extent can these constructional and 
destructional forces work in opposition to those other forces which by producing vertical movement make for 
isostatic equilibrium? 

Barrell discusses the evidence used by the geologists and the isostasists in arriving at their 
conclusions in regard to the strength of the earth’s crust and its ability to carry extra loads. 
He lays particular stress on the presence of great volumes of sedimentary material at  the mouths 
of large rivers as evidence of the strength of the earth‘s crust. He shows that the best two of 
the existing deltas for making the test of the strength of the earth’s crust are those of the Nile 
and the Niger. 

Barrell’s Figure 1 (fig. 21 in this volume) shows clearly that there has been a filling up of 
space at  the mouth of the Nile which was once occupied by water. Similarly, Barrell’s Figure 
3 (our fig. 23) indicates a filling in.by deposits at the mouth of the Niger. Figures 22 and 24 
copied from Barrell give vertical sections through the deltas of the Nile and the Niger, respec- 
tively. 

Barrell computes from these cross sections and the areas shown on the charts the load 
d d e d  to the earth’s crust in the forni of sedinient. In the case of the Nile the volume is 
computed as 89,000 cubic kilonieteis (31,300 cubic miles) which, after accounting for the 
weight of the water that originally occupied the space, is equivalent to 50,000 cubic kilometers 
(12,000 cubic miles) of rock on the land. 

In  the case of the Niger delta the volume of sediments is 217,000 cubic kilometers (52,000 
cubic miles) which, after allowing for the water displaced, is equivalent to 120,000 cubic kilo- 
meters (29,000 cubic miles) of rock on the land. 

an A. C. Lawson is of the oplnlon that thrusts occur in most cases as underthrusts rather than overthrusts. Sea artlcle by him on Isostatic 
-pensation Consldered as a Cause of Thrustlug, Bull. Geol. SOC. of Amer.. June 30.19!22. 
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After discussing the geology of the coasts of Africa and the probability (in his estimation) 
that the deltas under consideration are extra loads on the earth's crust, Barrell concludes his 
Chapter I with the following words: 

These deltas point toward a measure of crustal riGdity capable of sustaining to a large degree the downward s h i m  
due to the piling up and overthrusting of mountains built by tangential forces or those resulting from the load of di- 
menta in areas of deposition or those upward strains produced by the erosion of the plateaw previously uplifted toward 
isostatic equilibrium. A final conclusion must, however, await a further discussion in the later parta. 

In the remainder of Barrell's series of papers he deals with many phases of structural and 
dyhamic geology and the theory of isostasy, but he,does not modify the conclusions quoted 
above that the earth's crust is able to carry without yielding the mass represented by a large 
delta. Barrell may have erred in arriving at his conclusion that the earth is able to ivithstand 

the load of a mountain mass 
if it is able to hold up a river 
delta, but was he not also 
wrong in his cqQclusions re- 
garding river deltas? 

The maximum depth of 
thesediments in the delta 
of the Niger down to the 
former ocean bottom level 
is about 3,000 meters (ap- 
proximately 10,000 feet). 
The density of this material 

is probably not more than 2.40. The density of the sea water which occupied the space now 
occupied by the sediments was shghtly over 1. Therefore, wa may assume that the weight of 
the water displaced corresponds to 40 per cent of the material deposited, and that the other 
60 per cent is an extra load. Therefore, according to Barrell, there is an overload on the earth's 
crust amounting to about 6,000 feet of deposits. 

We can explain the presence of this 6,000 feet of added material by the theory of .isost'asy 
if we assume that much wore material has been deposited at the mouth of the Niger than the 
10,000 feet. We have abundant evidence that tens of thousands of feet of sediments have 
been deposited in some localities, and why might there not be more than the 10,000 feet in the 
Niger delta? 

This cer- 
tainly occurred during the sedimentation of the areas occupied by the Appalachian, Himalayan, 
and other mountain systems. The sinking of the base is due mostly to the isostatic adjustment 
of the column which is undergoing sedimentation. 

The average density of the material of the earth's outer strata-say, for a few miles below 
sea level-may be assumed to be approximately 3.00. The sedimentary material deposited 
by the Niger probably has a density of about 2.40. 
Therefore, the density of the material just below the b a l e d  

base of the deposits is 0.60, or 25 per cent greater moo m. 

1. * , .: .. ,, ., 

Fs. Zl.-Nik Delta. 

A sinking of the base of the sediments occurs in most areas of sedimentation. 

than the density of the sediments. Assume that the 2000 

3000 
difference is ody 20 per cent and also assume that 
as the sediments are deposited isostatic adjustment 
takes place. Then, ignoring the water, if 1,000 feet of 
sediments are deposited, 800 feet of this will sink below the former level of the base of the 
sediments and 200 feet will stand above the original position of the base. On this basis the delta 
of the Niger would require a total depth of sediments below the original position of the base of 
24,000 feet to bring the surface to the top of the water and give the 6,000 feet of added material 
in the space once occupied by the water. This, with, the 10,000 feet above the base, makes a 
total depth of the deposits of 34,000 feet. This is not believed to be an excessive depth. In 
India in the Indo-Gangetic plain .the recent sediments are believed to be somewhat -ore than 
40,000 feet in certain parts of the area. 

RG. 22.-F'dlle of Nile Delta. 
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With regard to the Nile Delta, Barrel1 figures that there is a maximum depth of the deposits 
of approsimately 7,000 feet. By the niethocl of computation used above for the Niger Delta 
we find that the amount of water displaced by the sediments is equivalent to the weight 2,SOO 
feet of the sediments. This leaves 4,200 feet of sediments as an escess load above the sedi- 
.mentary base on Barrell's theory that the sediments are an overload. 

On the .theory that the base of the sediments sinks, due to the isostatic. adjustment, it 
would be necessary to lower the base of sediments about 17,000 feet in order to give the 4,200 
feet of added materialin the space once occupied by the water. This, with the 7,000 feet above 
.the base, makes a total depth of the deposits of 24,000 feet. This is not large in comparison 
with the depth of sediments 
in many places of the earth. 
The. above reasoning is jus- 
tified if the materials de- 
posited in the form of deltas 
at the mouths of rivers and 
in thc water just beyond the 
esposed deltas are found to  
be in isostatic equilibrium. 

We arc fortunate in hav- 
ing a number of gravity 
.stations on or near the Mis- 
.sissippi River Delta. There 
are eight of these stations. 
(See fig. 25.) Although the 
mass of the Mississippi River 
Delta does not show on L 
hydrographic chart as dis- Ro. %.-Niger Delta. 

tinctly as do those of the Nile and Niger, yet the river has carried material quite far  out into 
.the Gulf of Mexico, and the depth of the deposits must be considerable. 

If the block of the isostatic shell under the delta was in equilibrium before deposition began, 
then certainly the added material is an extra load unless some subsidenee of the block has taken 
place. On the assumption that the delta material is an extra load we should find positive 
anomalies a t  the gravity stations on the delta, the sizes of the anomalies being in proportion 
to the depth of the delta mastenall. 

Instead of finding decided positive anomalies a t  the eight stations on or near the delta, 
we find that only four of the stations have positive anomalies of 0.012, 0.014, 0.019 and 0.002 

, dyne. All of these positive anom- 
0Se9krc' alies are smaller than the average 

I O O O ~ .  anomaly without regard to sign 
2ooo for the 304 gravity stations of 
aooo the United States. The other 

four delta stations have negative 
anomalies of 0.018, 0.026, 0.013 
and 0.032 dyne. Three of these 

anomalies are larger than the average 'for all in the United States. The average of the eight 
anomalies with regard to sign is -0.007. Surely, if the delta is an extra load the pendulum 
observations would not give an average negative anomaly a t  these delta stations. 

I t  is believed that the positive'anomalies on the delta a t  the three stations near the mouth 
of the river may be due to local accumulation of material which has not yet been isostatically 
balanced. On the other hand, the presence of extra light material close to the station is the 
probable cause of the negative anomalies, and the columns under these negative stations am 
probably in isostatic equilibrium. That the anomalies are due to local causes which are located 
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near the surface is indicated by the difference in the anomalies at stations 279 and 280 which 
are at the mouths of the river. The difference in these anomalies is 0.037 dyne and the distance 
between the stations is only about 12 miles. It is certain that if the cause of either of the two 
anomalies in question were deep seated in the earth’s crust the effect on the two stations would 
be almost the same. 

It is rather difficult to analyze the gravity anomalies on the Mississippi Delta in such a 
way as to give a logical esplanation of the size and sign of each of them. It is much safer to 
me the whole group of stations as a single unit in drawing conclusions. Since the averqe 
anomaly of the whole group is -0.007 dyne, we are evidently justxed in concluding that the 
block of the isostatic shell directly under the Delta of the Mississippi is very nearly in isostatic 
equilibrium and that the delta material has been compensated for by a movement of material 
from the base of the block. 

It is unfortunate that there are no gravity stations on such deltas as the Nile and the 
Niger to test the degree of isostatic equilibrium which exists in the earth’s crust under them. 
This matter is of such great interest it  is hoped gravity stations will be established on these 
deltas in the not distant future. 

EFFECT OF ISOSTATIC ADJUSTMENT ON SURFACE CONFIGURATION. 

It would bo a difficult task to work out in detail the effect of isostatic adjustment (the 
movement of material below the crust from areas of sedimentation toward areas of erosion) 
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on the surface con-- 
ration of the earth. It 
i s  undoub ted ly  true 
that as a block of the 
earth’s cnist sinks un- 
der a load of sediments 
there is much distor- 
tion of the lower sedi- 
mentary strata as well 
as of the material on 
which the sediments are 
laid. When enormous 
depths ob sediments are 
laid on an area, the 
sediments are apt to 
be placed in an irregu- 
lar way. Take ,  for 
in s t ance ,  the Indo- 
Gangetic plain, all of 
which is above sea level, 
which receives material 
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subsidence, one portion of the area undergoes uplift while the remainder is quiescent. This 
irregularity in the time and place of uplift, together with the distortions that occurred with the 
subsidence, might cause considerable change in the form of the strata and result in much of the 
folding that is seen in mountain areas. Undoubtedly the distortions due to subsidence and 
uplift have much to do with the forms of the surface of mountain areas. Besides, much of the 
buried material, which is later exposed after erosion, is distorted by the upward movement. 
resulting from the isostatic adjustment. 

We can not believe that every small topographic feature such as a small mountain valley, 
an individual peak, or a hillside, is in isostatic equilibrium independently of the surrounding 
region. In order to permit isostatic adjustment directly under the very limited area, the 
material in the isostatic shell would have to be almost entirely without rigidity or strength. 
Suppose a small mountain valley should fill up to the extent of a few hundred feet. If isostatic 
adjustment took place, the whole column under that small valley, down to the depth of com- 
pensation, would have to be lowered, thus making a small amount of overload overcome the 
resistance to shear along the sides of the column. The materials of the crust resist the stress 
differences due to the irregular surface, and hence they must have sufXcient strength to main- 
tain a small load such as a few hundred feet of sediments in a small mountain valley. If the 
earth’s material were very plastic, then individual mountain peaks and ridges would flatten 
out into the surrounding valleys and plains. 

There me two processes involved in mountain uplift. One is the original movement which 
can not be due to any isostatic adjustment, as no material is brought into the column and 
therefore the isostatic balance is not disturbed during the movement. This uplift must be due 
to the expansion of the material in the earth’s crust under the area of sedimentation. After 
the uplift has begun and erosion has started the isostatic adjustment comes into play and the 
configuration of the area subsequent to the erosion will be more or less modxed by the adjust- 
ment. These two movements, one the original elevation of the mountain due to expansion and 
the other the isostatic uplift, have an iduence on the configuration of the earth’s surface. It 
is probable, and in fact it seems certain, that the exposure of igneous rocks in an old mountain 
mass is due to the continued uplift of the area to maintain the isostatic balance as erosion takes 
place. 

The theory of isostasy enables us to reach a reasonable explanation of the phenomenon of 
erosion to the extent of tens of thousands of feet from a mountain area, say 5,000 or 10,000 
feet in height origindly. As material is eroded from the surface other material enters the base 
of the isostatic column under the area of erosion, and the average elevation of the area will be 
lowered very slowly. 

It is probable that an area of very light material is lowered much more rapidly by erosion 
than one of very heavy material. This may be at least a partial explanation of the maintenance 
of the elevation of the pre-Cambrian areas. The material of the pre-Cambrian formation has a 
density probably 10 per cent greater than the avertige density of surface rocks, and it may be 
that the material entering at the base of the column is very little denser than that eroded from 
the surface. The density at the base of the isostatic columns is not known, of course, but it 
is probably not very much greater than the densities of the pre-Cambrian materials. 

EFFECT OF ISOSTATIC ADJUSTMENT ON SURFACE CONFIGURATIOI’J NEAR AREAS OF EROSIOI’T 

If we consider an area of deposition and try to visualize the method by which the isostatic 
adjustment takes place, we find a very complicated situation. Let us suppose that 100 feet of 
sediment has been deposited over an area comparable in size with the Mississippi Delta. This 
deposit, if placed on the area in a very short time, will make the column under it heavier than 
contiguous columns of equal cross section. The stress difference will be from the sedimentary 
column toward the surrounding columns, and if the material is sufficiently yielding the balance 
will be restored by a flowing out of material from the vicinity of the lower part of the sedi- 
mentary column. 

This, we know, does not occur. 

AND SEDIMENTATION. 
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Let us suppose that the sedimentary column has been brought into equilibriuni with the 
surrounding columns. Then, these columns combined will be out of equilibrium with the col- 
umns that are outside of the limited area that we have been considering. If the stress differ- 
ences are beyond the power of resistence of the material at or below the base of the columns, 
there will be a flow from the central columns toward these outer ones. This process no doubt 
will cause local oscillations of the earth’s crust incident to the establishment of the isostatic 
equilibrium between adjacent blocks of the isostatic shell. It is possible that there is a sort of 
wave motion in the isostatic shell, tending to reestablish isostatic equilibrium between the area 
of deposition and the area of erosion, which may be 1,000 miles or more away. 

We certainly can not expect material to flow from below the base of a column that has been 
subject to sedimentation straight back toward the area from which the material was eroded, or 
without affecting the elevation of the intervening area. As the flow of material progresses from 
the area of sedimentation toward areas of erosion there will undoubtedly be first a rising and 
then a. settling back to the normal elevation of the surface of the intermediate portion of the 
isostatic shell. 

If an elevated region and the surrounding blocks of the isostatic shell are in equilibrium to 
start with, then as erosion from the high area takes place a stress difference from the surround- 
ing region toward the area from which material is being removed will be developed. When the 
stress difference has accumulated to a sufficient extent the surrounding region will sink in order 
to bring it into equilibrium with the eroded ma .  This process will cause a stress difference 
between the areas still farther out and the central m a  which will tend to bring the two into 
equilibrium. Whether there will be any actual vertical movement responding to these stresses 
will depend on the magnitude of the stress difference and the resistance of the material of the 
isostatic shell. It will be seen that this is the reverse of the process which tends to operate 
around areas undergoing sedimentation. The movement of material below the isostatic shell 
to restore isostatic equilibrium will not be a simple one along straight lines from under the area 
of sedimentation back to that of erosion. 

In his book, “The Strandflat and I s ~ s t a s y , ~ ’ ~ ~  Nansen discussed the vertical movement 
which would probably occur adjacent to an area covered by an ice cap. He says in part: 

Let US try to imagine what would happen i f  the crust be gradually pressed down by an increasing ice cap, pro- 
vided that the conditiom are fairly hydrostatic at a certain depth under the d ’ s  surface. 

SuppOeing the ice cap begins to be formed in the central area of an extensive region like Fenuo-Scandia, the load 
of the ice cap will preea the crust down in thia central tuea and in, a eone S U I T O U ~ ~ ~  it the CNBt will be pressed up 
and will there form a kind of concentric wave. AS, however, thk wave will not represent a state of equilibrium, it 
will gradually extend outward and will be flattened down BB it becomea wider and wider. 

If, now, the ice cap increases in thicknew and in extent, the crust will continue to be pressed down and the SUI- 
rounding upheaval wave will increase somewhat in height while it will be moved outward by the advance of the ice cap. 

The depression of the crust *till continue a long time after the ice cap has ceased to increase and will only very 
slowly and ~~ymptotically approach ita level of k t a t i c  equilibrium. The wave of upheaval surrounding the depressed 
area will continue to widen, and the real level of isostatic equilbrium will not be fully reached before this surrounding 
wave is entirely flattened out and the depression of the icecovered area ia fully compensated for by the upheaval of 
the floor of the ocean, but thia is a state which is never reached. 

Nansen discusses vertical movements of the surface as the ice cap diminishes in area and 
volume, and then sap: 

I t  aeems to be that a development, 88 here indicated, agrees well with what we know about the late-glacial and 
post-glacial crustal movements which probably have taken place in Fenno-Scandia and the surrounding regions. 

There is a decided difference in the situation discussed by Nansen and that due to erosion 
and deposition of material. In  the h t  case, the accumulation of material in the form of an 
ice cap is much more rapid than that due to ordinary sedimentation. The stress differences in 
the h t  case might assume large dimensions owing to the slowness of the material of the 
isostatic shell in yielding to rapidly accumulated stresses, but with ordinary sedimentation the 
stresses would accumulate gradually and probably would be relieved before they could reach 
the magnitude of those that would occur under and near an ice cap. 
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ZONE OF HORIZONTAL MOVEMENT. 

One of the most important phases of isostasy from a geological standpoint is the question 
of the depth at which the isostatic flow or adjustment takes place. B m d ,  in the “Strangth 
of the Earth’s Crust,” Part V I  (Journal of Geology, October-November, 1914, p. 681) argues 
in favor of a zone of weakness below the isostatic shell, which he calls the asthenosphere, in 
which the isostatic movement horizontally takes place. Willis agrees with Barrell that the 
isostatic movement horizontally takes place below the isostatic shell.” The writer feals that 
Band’s and Willis’s views that the movement is below the shell are reasonable and justifiable. 

If the earth’s crust were weak enough to permit isostatic adjustment to take place com- 
paratively near the surface then the material would probably be so weak that masses of daerent 
densities would tend to flatten out and to adjust themselves in strata, each having a uniform 
density. The heavy material under the oceans would move under the continents and the 
light material of the continents would move out over the ocean floor. The heavy material 
under a broad plain would move under the adjacent mountain area and the material under the 
mountains would overflow the denser material of the plains. This, as we have found from the 
studies of the deflections of the vertical and the gravity observations, has not taken place. 
We have denser material under the plains and lighter material under the mountains, and this 
condition tends to remain so. We must conclude that in the column down to the lower limit 
of compensation the material is of sufficient viscosity to resist the stresses tending to cause 
the transference of material horizontally due to different densities. 

There is no doubt that isostatic adjustment takes place, and therefore there must be a zone 
within which horizontal movement occurs. Since, for the reasons stated above, this movement 
could not take place within the isostatic shell, it is logical to conclude that the movement is in 
what Barrell terms the asthenosphere or zone of weakness. Barrell’s diagram, on page 681 of 
“Strength of the Earth’s Crust,” referred to above, would indicate that he believed the thickness 
of the asthenosphere to be several timea the thickness of the isostatic shell. Undoubtedly, the 
zone of weakness may be of considerable thickness and may extend to the earth’s center, but 
it is more reasonable to believe  at the isostatic adjustment takes place within a short distance 
of the isostatic shell. 

I n  order to visualize the problem, let us suppose that we have a mountain maas of 100 
square miles in cross section and an adjacent plateau of the same area 3,000 feet lower than the 
average elevation of the mountain. It can be readily shown that if these two columns are in 
isostatic equilibrium, then at  any depth below sea level but above the depth of compensation 
the pressure on an imaginary horizontal surface will be greater for the mountain block or column 
than for the plateau column. At a depth of 5,000 feet below the surface of the plateau column 
the pressure would be that of 5,000 feet of material, but on the same surface under the mountain 
the pressure would be that of 8,000 feet of material. The stress difference at thedepth in question 
would tend to cause a movement from the mountain column toward the plateau column. 

If we assume that the depth of compensation is 60 miles below the surface of the plateau 
column, then at a depth of 30 miles, half way from the surface to the depth of compensation, we 
should expect the deficiency of density due to the isostatic compensation of the mountain 
COiumn to counterbalance 1,500 feet of the 3,000 feet at the top of the mountain column, and 
the weight on this surface at a depth of 30 milea would be greater for the mountain column than 
for the plateau column due to the remaining 1,500 feet of material. The stress difference 
would still be acting from the mountain column toward the plateau column. At a depth of 45 
miles below the surface the stress difference would be the equivalent of the weight of 750 feet 
of material and would still be from the mountain column toward the plateau column. It can be 
seen from the above that if the isostatic compensation is uniformly distributed there will not 
be a zero stress difference between the mountain and the plateau columns until the depth of com- 
pensation is reached, approximately 60 miles below sea level. 

B.iley Willis, Dircoid.1 Stnroture of the Llthasphem. Bulletia of the Oeologlcai Society of Amerh, June XI, lOz0, p. 251. 
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Suppose some material is eroded,from the mountain area and deposited on the plateau 
column. The stress difference at the depth of compensation will then act in a direction from the 
plateau column toward the mountain column. There will be a surface somewhere above the 
depth of compensation at which the pressure of the lightened mountain column will exactly 
balance that of the plateau c o l u  which has been increased by the weight of the eroded matter. 
If 100 feet of material, on an average, is eroded from the mountain column and placed on the 
plateau column, we should expect the surface at which the two columns will exert equal weight 
to be 56 miles below the surface or 4 miles above the depth of compensation. Below this 
surface the stress difference will be from the plateau column toward the mountain column, and 
if this streas difference is great enough to overcome the resistance of the material a flow will 
take place from the plateau column toward the mountain column tending to ,bring the two 
columns into equilibrium again at the depth of compensation. 

It is probable that this flow actually takes place below the depth of compensation because 
of the fact that the material below the depth limiting the compensation mu& differ from the 
material above in rigidity or viscosity. The fact that we have a depth of compensation implies 
a plastic material below it, and there is no reason why this material should not flow rather 
than the material above, which is rigid enough to maintain its position in spite of different; 
densities in adjacent columns. 

If the depth of compensation is above the depth of equal pressure (see p. 39) the problem 
outlined above and its solution should be slightly modified, but the general princ.iples and con- 
clusions would be unaltered. 

In  the above illustration two blocks of the isostatic shell have been used which have very 
small difference in elevation and which are adjacent to each other. As a rule, we may expect 
the area of erosion to be quite distant from the area within which the deposition of the eroded 
material occurs. In  the case of the Mississippi River drainage basin the mountains from which 
much of the material comes are more than a thousand miles from the mouth of the river at 
which a great proportion of the eroded material is deposited. Of course, there is no well defined 
area from which this material is eroded. There is a large zone of erosion rather than a small 
limited area. 



Part II .4RAVITY DETERMINATIONS. 
ABSTRACTS OF RESULTS. 

At thc beginning of the year 1916, 219 gravity determinations of precise accuracy had been 
made in the United States. The results for these stations are given in Special Publication 
No. 40. Observations at  94 additional stations have since been made. Abstracts of the 
observations at 85 of these new stations and at the base station at Washington, D. C., are given 
in the following pages. Descriptions of the stations are also given. 

Stations Nos. 287 to 296 have not been finally computed. These nine stations were occupied 
in 1922 by a party making wireless longitude determinations and latitude observations in 
Wisconsin, New Mexico, and Colorado. When the pendulums were restandardized at the end 
of this season’s work, the periods obtained differed by considerable amounts from those obtained 
a t  the beginning of the season. As all six pendulums tested showed nearly the same discrep- 
ancies, it was concluded that the trouble must be with the receiver or other ausiliaq apparatus 
rather than with the pendulums themselves. A long but unsuccessful series of observations was 
made at the base station in an attempt to locate the cause of the discrepancies. I t  was finally 
decided that the preseason standardization must have been at fault. I t  will be necessary to 
reoccupy several of the stations before the final results of that season’s work can be computed. 

The Coast and Geodetic Survey has two complete sets of gravity apparatus of the modern 
type, to each of which has recently been added a set of invar pendulums. One set of apparatus 
was sent to the Philippines in 1921 for some special work a t  Manila and waa not available for 
use here for the 1932 season. As it was desired to have two gravity parties in the field, a set 
of apparatus belonging to Cornell University was borrowed from Dr. D. S. Kimball, dean of 
engineering of that university. The bronze pendulums of the Cornell set were not sent to the 
field ns it  was desired to make use of the new invar pendulums, but all of the auxiliary apparatus 
of the Cornell set was used at the nine stations mentioned above. 

Beginning with station No. 377, the first station of the 1931 field season, a11 detemiinations 
of gravity have been made with the new invar pendulums. The reliability of these pendulums 
has been tested at several stations by means of duplicate determinations with the old bronze 
pendulums. The probable errors 
obtained with them under adverse observing conditions are no larger than those obtained with 
the bronze pendulums under much better conditions. 

A solenoid is used with which to demagnetize the invar pendulums and to keep the mag- 
netic effect on the pendulum periods small enough to be negligible. The pendulums are tested 
for magnetism before and after use at  each station. For this purpose a compass declinometer 
equipped with two horizontal arms from which the pendulums may be suspended at known 
distances from the needle is used. The pendulums seldom need to be demagnetized, as a 
deflection of the needle of 3’ at a distance of 15 centimeters is considered an dowable limit, 
and the deflection found is seldom greater than 2’. 

(See pp. SS-SO). 

The new pendulums have been found entirely satisfactory. 

METHODS OF OBSERVING. 

The methods used in making gravity observations are explained fully in U. S. Coast and 
Geodetic Survey Special Publication No. 69, entitled “Modern Methods for Measuring the 
Intensity of Gravity,” of which C. H. Swick, mathematician, is the author. 

With the exception of 7 stations on and near the Mississippi Delta, tbe rL.#-n--,ter rates 
for all gravity determinations conaidered in this publication have t c m - w  dutained from time 
signals sent out from the Naval Observatory at Washington, D C ., either by wire or wirelees or 
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from the Naval Observatory at  Mare Island, Calif., by wire. During the 1922 field season wireless 
signals were used for the first time for gravity work. They were recorded on a chronograph 
by means of a special radio receiving apparatus designed and constructed by Drs. E. A. Eckhardt 
and J. C. Karcher, of the Bureau of Standards. The same type of recording apparatus has been 
used also on longitude work and has given very satisfactory results on both classes of work. 

Two 12-hour swings per day are now generally used instead of the three 8-hour swings as 
formerly. During the season of 1922, however, both the noon and 10 p. N. signals were 
recorded at many of the stations, and the day was divided into one 10-hour swing and two 
7-hour swings. This gave two independent determinations of gravity for each day’s observe 
tions and waa therefore a very efficient method. 

When gravity observations are made with invar pendulums and wireless signals are used 
for obtaining the chronometer rates, it is possible without excessive cost to observe the value 
of gravity at  almost any desired location even though it be in an open field a long distance 
from a telegraph station and where no constant temperature room is available. The antenna 
for the wireless receiving set may be stretched between trees, or if the station is in an open field 
the 50-foot collapsible poles carried with the outfit are set up and guyed and the antenna 
stretched. Since even large changes in temperature have only a slight effect on the period of 
an invar pen&. m, the apparatus is often set up in a canvas tent. 

The collapsible aluminum tripod, designed as a support for the latitude instrument, has 
been used at  many of the recent stations as a substitute for a pier on which to support the 
receiver. The legs of the tripod are placed on pieces of wood or rock buried about a foot below 
the surface of the ground and the earth is tamped in around the legs. The flexure correction 
is from two to four times the average correction obtained when the instrument is mounted on 
a concrete pier or floor. Owing to the difficulty in making determinations of large flenres and 
possibly to more uncertainty in the values than is desirable, it is believed the use of these tripods 
should not be continued. 

During the 1922 season both gravity parties used motor trucks for transportation. This 
resulted in a saving of both time and money, as many of the stations were at long distances 
from the nearest railroad stations. 

EXPLANATION OF TABLES. 

The arrangement of the various tables in this publication is practically the same as in 
Special Publication No. 40. The table of Principal Facts on page 58 has an additional column 
giving the isostatic anomaly, but otherwise it corresponds exactly to the table in No. 40. 

It should be noted that the theoretical gravity at  sea level, -yo, is computed by the Helmert 
formula of 1901 both AS a matter of convenience and to make the table correspond to the tables 
in previous gravity publications. The column headed g -go gives, therefore, the gravity anomaly 
based on the Helmert formula. The isostatic anomalies are obtained by applying a correction 
of -0.008 dyne to the values in the crg-go” column. This correction reduces the anomalies to 
what they would be if the 1912 formula were used in computing the theoretical gravity at sea 
level. This correction also happens to represent about the average difFerence 
between the Helmert formula and the formula given on page 134 of Special Publication No. 40 
for the latitude of the United States. 

(See p. 8.) 

The correction in dynea for elevation of station was computed by the formula 

C- - O.O003OS6H, 

in which R is the elevation in meters. It should be carefully noted that wjth the sign as given 
this is the reduction from sea level to the level of the station, a correction to the theoretical 
value, not to the observed value. This correction takes account of the increased distance of 
the station from the attracting mass, as if the station were in the air and there were no irregu- 
larities in the earth’s surface (or topography). 

1 EelmerVs formula of lWl for the Potsdam system is as fallows: yo-978.030 (1+0.035302 sin2 #-0.000007 sins 2.#). (See U. 8. Cast and Geo- 
detic Survey Special Publication No. 40, p. 49.) 
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T h e  corrections for topography and compensation by the isostatic method were computed 
with the reduction tables shown on pages 30 to 47 of Special Publication No. 10, except that the 
corrected table for Zone C on page 10 of Special Publication No. 40 was used. The resultant 
eiffect of the topography and compensation was applied as a correction to the theoretical value 
of gravity at sea level as was done with the correction for elevation. These corrections are often 
applied to the observed values, and the results are compared with the theoretical value of 
gravity at  sea level. The method employed in this publication and also in Special Publications 
Nos. 10, 12, and 40 seems to be the more logical one. 

The observed values in the column headed “9” depend upon relative determinations with 
the half-second pendulums and are based on 980.112 dynes as the value of gravity at  the base 
station at  the Coast and Geodetio Survey office in Washington. This value depends upon the 
absolute determination of the value of grarity at  Potsdam,l Germany, and upon the adjustment 
of the net of base stations throughout the world? The observations used in the adjustment to 
connect Washington with stations in Europe were made by G. R. Putnam in 1900.‘ 

The table on page 59, giving the anomalies by the three different methods of computation, 
is the same as the table on page 59 of Special Publication No. 40. The table of pendulum obaer- 
vations and reductions on pages 78 to 85 correspond exactly to that in Special Publication No. 
40, except that the probable errors are computed a little differently, as explained below. 

In  the interval between time determinations there are usually 2 and sometimes 3 or more 
swings of the pendulum, calling a swing the interval of from 8 to 12 hours between the time the 
pendulum is started to oscillate and the time it is stopped and started anew. Due to the irregular 
rate of the chronometer with which the pendulum is compared by the method of coincidences, 
the results of the different swings may have considerable range, but the mean of the swings 
between consecutive time determinations gives an accurate independent determination of 
gravity. The probable errors were, therefore, computed by using the means of the swings 
between time determinations instead of the individual swings. For stations Nos. 230 to 286 and 
296 the value of g for each individual swing has been computed. For the remaining stations 
the mean periods of the pendulums between consecutive time determinations have been used 
in computing the values of 9. In either case, however, the mean values of g between consecutive 
time determinations were used in computing the probable errors. 

I n  the third column of the table is given the number of the pendulum used for each swing. 
Pendulums numbered A4, A5, A6, B4, B5, and B6 are bronze pendulums, and those numbered 
A7, A8, A9, B7, BS, and B9 are invar pendulums. Observations with pendulums A7, AS, and A9 
are not given in the table, as these pendulums were used for the first time at the nine stations 
mentioned on page 55, which have not yet been computed. The bronze and invar pendulums 
may usuaUy be distinguished in the table by the size of the temperature correction in the iif- 
teenth column as well as by the number of the pendulum. The temperature correction for the 
bronze pendulums is always quite large unless the temperature given in the tenth column is 
close to the standard of 15’ C. 

1 Prof. F. Kuhnenund Prof. Dr. .Ph. Furtwiiugler. Bestlmmung dir abwluten Qr&isse der Schwerlrraft EU Potadam nit Reversionspendeln, p. 

J See Comptes Rendus 1’Association C%de+5lque Internationale, Vol. III,1911, E. Burasa, pp. 25 and 244. 
4 0. R. Putnam, Determination of Relative Value of Gravityin Europe and the Unlted Statesin le00, Appendix 5, Coast an6 Geodetic Sur- 

380. 

vey Report, 1901, pp. 854-355. 
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+. 008 -. 001 -.oar -. 040 -. oao 
-.m -. 006 -. 045 -. 024 -. 014 
-.022 
--.013 -. m2 -. 031 
-.OM 

-. 073 -. 029 -. ml -. 022 -. 022 
-. 042 -. 011 
-.m -. 011 -. w 
+.a2 + .012 +.om 
+.OM +. 001 

-. 090 -. 012 
+.w 
+. 037 
.aw, +. 054 -. 006 -. 012 

+. m +. 090 -. 022 -.oar -. 010 
+.on +. 022 +. Mo 
-.OM 
+.or0 

-. 014 -. 006 

-. nio +. 017 

...................... .................... I 
I 

f. ............... 

’ 

47 
47 
47 
47 
46 

4b 
44 
44 
43 
42 

40 
38 
39 
40 
38 

122 36.1 
122 37.8 
122 26.3 
124 13.4 
122 40.7 

123 50.6 
124 M 3  
173 05.6 
L24 13.4 
123 25.8 

122 07.2 
121 29.8 
123 22 
124 09. I 
.22 43.0 

.17 09.9 

.17 22.b 

.I7 125 

.I7 45.2 
118 11.6 

118 23.3 
118 1R9 
118 os 
I18 10.4 
119 24.0 

119 17.6 
110 283 
120 43.9 
121 01.2 
In 53.8 

121 24 
122 09.7 
122 23.3 
122 48.7 

80 !a3 
i9 40.2 
79 329 
79 29.4 
79 10.4 

74 47.6 
74 122 
74 35.8 
72 41.8 
103.34.1 

LM 11.8 
103 a5.9 
105 183 
105 16.6 
105 05.2 

IM 4a9 
105 31.1 
88 01.2 
88 52.3 
89 09.8 

89 aa8 
89 27.9 
89 47.7 
90 21.3 
91 125 

123 03.8 

51.3 
34.4 
15.2 
14.6 
31.4 

27.4 

02.7 
22.0 
44.2 

01. 6 
34.8 
24.9 
48.2 
26.4 

3s. 2 

I 

!W. 8BnD1 Calif ................... mi ooamsP e Calif ................... 
242: Highlend,lcalif ................... 
W.LongB&,Callf ................. M. Pomona Call1 ..................... 

11.1 

32 428 
33 11.6 
34 07.5 
34 03.2 
33 46.3 

w) venturs Calif ..................... 34 16.8 
251: c d o n .  .................. I 34 28. 9 

!i70 Newcastle W o .................. 
272. BU~OI wyo ................... 
273 Boulder W o  ..................... 
271: Be@+, er ................. 

262. Avila‘&UL ...................... % 10.6 
253. anducucas calif .................. 01.8 
254. YIOnttersg,)CaUf. .................. 36 86.0 

43 51.4 

41 07.4 
40 01.2 

41 40.1 

255 Holllster CaUf .................... 3tl 61.1 
Us: Pal0 A d ,  Calif. ................ ..I 37 B.6 
257 San Gregorlo Calif ................ 37 19.4 

38 04.0 
38 27.3 

258: Point Re ea btatation, Calif.. ...... 
259. Duncanshls, CaUf.. ............ 

275. B htm &lo .................... 
a78 I d % S p h i  Colo ............... 
27” Fort Morgan h a  ................. 
278: Chandeleur island, Le ............ 
279.PortEads,La .................... 
M. Burrwood Le .................... 
281. FortSt.PhUp Le ................ 
283. T i m M q  Island,’Le .............. 
284. MorgmCity, La .................. 
X32. PointealaHatb La ............ : 

rw) clarksburg w.va ................ 39 16.8 
201: Rmlesbur) . W. Va.. ............ 89 20.8 

as8 corintb VJ vs ................... 39 25.6 
204: Kitder,’Md..  ................. ! 39 23.6 m.TennAlta%.Vs ................ 39 28.9 

39 59.3 
39 4 . 6  
30 13.8 
30 02.8 
29 01.0 
28 ba0 
29 Zl.8 
29 34.7 
29 02 8 
29 41.7 

las.Penninw,N.J ................. u) 20.0 
!24M.GlenRidge N.J .................. 40 48.1 

.................. 4144.8 
43 55.9 

p: E;,IUO& .................. 40 a0.o 

288. HiU Clt i  8. Dsk.. ............... I 

a85.8abIne Tex ....................... 29 43.4 
p98. Beam’ont, Tex ................... I 30 05.2 .................................................. 
286. Willinsweu ~ a n s  ............... I 39 04.4 
207 Zeandale & ................... 89 08.7 
298: Doyle Whl Kans ................. 89 115 
1 9 9 . ~ W d , ~  ................ 89 bo.4 

93 520 
94 WO) 

17 
6 

28 
8 
8 

5 
48 
129 
24 
434 

65 
7 

420 
12 
48 

7 
39 
393 
258 
8 

23 
187 
MI 
fa8 
257 

24 
e5 
13 
122 

6 

88 
15 
16 
8 
7 

300 
4 1  
790 
751 
493 

56 
58 
18 
37 

1,518 

1 328 
I’ 114 
2’ 388 
1’630 
1:595 

2: 3lB 
1 511 

2 
2 
2 
2 
2 
2 
2 
2 

3 
6 .................... 

97 04.5 355 
96 25.6 1 312 

96 08.6 Sbl 
96 o5.a 275 

- - 
The+ 
retIC81 
PradtY 

70. 

- 
OC& 
880.895 
880.844 
880.698 
880.m 

880.874 
980. $49 
m 820 
9SI).810 
m. 663 

980.657 
m583 
880.529 
880.188 
980.411 

980. 168 
m040 
980. 114 
880.237 
mM8 

979.539 
979.578 
979.858 
979.650 
m627 

979.6s 
979.662 
979.885 
979.734 
879.735 

979.6’10 
979.684 
979.745 
979.627 
979.887 

979.888 
979. 940 
979.930 
919.995 
880. 029 

880. loa 
880.108 
980.117 

980.112 

880. 196 
980.237 
880. 198 
980. 322 
880.519 

980.512 
980.315 w. ai5 
9m. 168 
880. 166 

880. 165 
980.143 
979.339 
979.325 
979. ah5 

979. 241 
979.271 
979.288 
979.248 
979.297 

979. m 
979.328 

980.081 
980. Mn 9m.m 
880.152 

9m. 115 

........ 

cmrection lor- 

EleM- 
tlm. 

- 
Pi% -.ma -. 011 -. 001 -. 008 

-.005 -.om -. 008 -. a02 -. 002 
-. m -. 015 
-. 001 -. 134 
-. Mo 
-.m -. 130 -. 001 -. 015 
-. 002 -. 012 -. 121 -. 080 -. m 
-.an -. 058 
--.a9 -. a58 -. 079 

-. 007 -. 020 -. 001 
-.038 -. m 
-. 027 -. 005 -. 006 -. 002 -. ooa 
-. OD4 -. 130 -. 244 -. 232 -. 152 
-.017 
--.018 -. 00 
-.011 -. 468 
-. 410 -. 344 -. 739 -. 5M -. 492 
-. 466 -. 711 -. 001 -. 001 -. 001 
-.001 -. 001 
-.OM -. 001 
-.all 

-. 001 -. 002 
-. 110 -. 086 -. 085 -. 108 

-.Ma 

........ 

Topog- 
%? 
ZXE- 

Pi& -. 028 -. 031 -. 013 -. 016 
-. 021 -. 020 -. oao +. 011 -. 016 
+. 010 +. 01s -. 015 +. 018 +. a07 
-. 034 -. 01s +. 067 +. 027 
+ . a 8  

+. 014 +. 008 
-.014 
.aw, +. 005 

+. 011 -. 001 
+.a38 
+.027 -. 002 
+.om +. 060 +. 032 
+.m 
+.047 

+. 017 +. 030 +. 046 +. 042 +. 038 

-. m 
+.m +. 010 +. a38 +.on 
+. 014 +. 011 +. 012 
S. 00s +. 035 
+. 003 -. 005 
+.ON) -. 038 -. 035 

-. 022 -. 001 +. 016 
+.015 +. 034 

+. 031 +. 022 +. 017 +. o#) +. 012 
+. 007 +. 005 

-. 007 -. cm7 -. 010 -. 001 

......... 

- - 

can- 
puted 

PraWtY 
0.. 

- 
D ea 

msls 
m. 801 
880.818 
9RQ 872 

980.827 
m. 792 
gsaazB 
96th 645 

me85 

m. 474 
980.479 
m.Za4 

980.114 
880.022 
880.011 w. m 
gso. 041 

979.551 
979. b74 
979.521 
979.570 
979.630 

979.637 
me43 
979.484 
979.502 
979. e54 
979.688 
979.714 
979.773 
978.808 
979.912 

979.818 
979.965 
979.971 
980.036 
980. 083 

mood 
979.981 
979.913 
979.921 
979.971 

980. 183 

880. m 
980.319 
OBLml 

m.1m 
979.966 
819.576 
979.621 
979.649 

979.677 
979.428 
979.3%. 
979.339 
979.278 

979.271 
979.292 
979.304 
979.187 
979.308 

979.305 
979.331 

979.987 
970.988 
980.001 
980.013 

&9lb 

980. EM 

980. 5 ~ (  

980. BO 

........ 

D W 8 .  
880.w 
980. 781 
980.763 
980. 875 
9so. (UII 

980. 868 
880.810 
980.788 
m. 770 
me46 

880.m 
9m 801 
980.490 
880.492 
880.302 

880.122 
880.018 
moo1 
980.220 w. Q1 
979. m 
979. E68 
979.476 
a646 
979.616 

979.615 
979. Pa0 
979.462 
979.471 
979.800 

979. b96 
979.685 
818.752 

979. 880 

979.837 
979. 654 
979.950 
980.024 
880. 039 

880.008 
979.993 
979.831 
979. Bs8 
979.975 

880. 163 
980.218 

m336 
m. 136 
880.14 
979.966 
979.630 
979.621 
979.631 
979.679 
979.458 
979.332 
979.315 
979.m 
979.298 
979.314 
979.324 
979. w 
979.818 

979.291 
979.825 

979.951 
979.959 
979.987 
880.019 

979. 787 

gm. iw) 

........ 

%&3 -. 073 
-.M -. 011 -. oaa 
+. 002 -.a 
-.012 -. OBB -. ocn 
+.on +. a09 +. 008 +. ami 

.ooo -. 012 -. 042 -. 048 -.m 
-.m 
-.014 -. 063 -. oa2 -. 02!2 

-. OB0 -. 021 
-.m -. 098 -. rn 
-. os1 -. 037 -. 029 -. 030 
-.m 
-. 060 -. 018 
-.m -. 019 -. OJa 

-.OM) +.m 
+.010 +.om -.m 
-. m -.m 
-.OM +. 009 +. 014 

+. 019 
-.008 +.w -. 014 -. o!al 
-. 006 +.m -. 090 -.om -. 018 

+.om 
+.014 +.on -. opo +. m 
-. 022 -. 014 

+. mo 

................... 
-.OM -.a 

-.038 
--.014 -.m -.w -.m 



GRAVITY DETERMINATIONB. 

Pd&pal facta for gravity stations sstabl&d Bine 19154ontinued. 

300. Wapanucka, Okh ............... 
301. Troy Okla ....................... 
302. I d l e h l d e  Okla ................. 
303 Lowery Oha .................... {~~3&~b&. .................... , ..................... 

................ ................ 
305.SalineNo.3,Tex ................ 
308. Taylor,Tex ...................... 

59 

84 22.1 98 !&6 
34 19.0 98 46.0 
34 13.3 97 07.0 
34 14.1 97 aO.8 
34 11.4 97 3 2 0  

32 38.0 95 39.6 
32 38.0 95 37.0 
32 38.0 95 422 
30 34.1 97 24.6 

34 11x3 97 31.0 

979.073 
979.805 
s79.m 
979.682 
979.072 

-.W7 
-.081 -.om -.om 
-.lo1 

979.587 
979.583 
979.574 
979.573 
979.672 

979.058 
979.683 
979.592 
mm 
979.669 

979.497 
979.494 
979.490 
979.313 

979.m 
979.500 
979.505 
979.318 

- - 

9-9.. 

I I  
Number and name oi gtstion. IntItude La@- +. tude A. 

Mdcrs. 

281 
251 
295 
281 
327 

114 
125 
144 
178 

251 

44 
18 

ma 

a0 

- 

Dyne. -. OB3 +. 001 -. 001 -. 001 -.ma +. 001 

D m .  +.m +.In1 
.m 

+.011 +. o!di 
-.m 
+.ON +.ax +. Ol! +. oo! 
-. 001 
-.oat -. 03i 
-.071 
- 

DW. +.m +.m 
--.008 
+.010 +.ole -. 011 

LII 979.633 1:s: -.044 

979.388 -.w 
-. 001 .ooo +. 001 +. a02 

+.om -.m +. 001 -.oos 

--.a 
-.045 
-.M8 

-.ma 310 Georgetown Tax ................ 
311: DamonNo.i.Tex ............... 
312. DamonNo.2,Tex ............... 
313. DamonNo.3, Ter ............... 

I I 

Correction to 9 
for- Allomalp. 

Elms 
tion 
E. 

- 
3 3 0  
lone 0.  

- 
b d r  
iethod, 

9.. 

- 
Elevs- 
tion. 

- 
louguer 
'o"-qo. 

Number and name of s!!tioa. 

N d t T 8 .  
20 
41 
39 
24 
90 

17 
0 

20 
8 
8 

5 
48 

129 
24 

434 

65 
7 

420 
12 
48 

'I 
38 

393 
259 

29 
187 
808 
S3E 
251 

24 
05 
13 

121 

8( 
1: 
1( 
I 

3ol 
421 rn 
751 
492 

a 

e 

1 

Dyflr.9. 
880. 955 
880. fB5 
Bgo. 844 
880.898 
980. 897 

880.874 
880.849 
880. 820 
880.819 
980.883 

980.657 
980.583 
880.529 
880.468 
880.411 

880.108 
980. 040 
880.114 
880. 237 
880. m 
979.539 
979.578 
979.056 
979.650 

979.027 
979.633 
979.882 
979.095 
979.734 
979.735 

979.670 
9 7 9 . w  
979.745 
979.827 
m. 887 

979.889 
979.940 
979.930 
979. w5 
880. m 
880.102 
980.108 
890.117 
NO. 115 
980.112 

D s  
#gei 
Wl. 781 
980. 703 

980.858 
880.858 
880.810 
980.788 
880.770 
980. 040 

880. m 
880.801 
880.490 w. 492 
880.302 

980. 122 
980. 018 
980. Ocn 
880. m 
980.011 

979.528 
979.568 
979.476 
979.546 

979.010 
979.015 
979.590 
979.402 
979.471 
979. 800 

979.598 
979.085 
979.75a 
979.787 
979.880 

979. S37 
979.954 
979.850 
980.024 

880. m 
980. 008 
979.993 
979. 931 
979.838 
979.976 

w. 875 

D p e .  
+o. 008 
+.013 
+.012 +. 007 
+.m 
+.a05 +. m 
+.m +.m +.m 
+.m 
f.015 
+.MO +. 001 +. 134 

+.m +.m 
+.la0 
+.oop 
+.015 

+.m 
+.o12 +. 121 +.om 
+.m +.om 
+.248 + .25Y +. 078 
+.m 
+. 004 +.a8 +.w 
+.027 +. rn +. OO! +.m 
+.m +.ow +. 13( +. 2 4  +.m +. 152 

+.ma 

+.ma 

Dpnr. 
-0.002 
--.a05 -. 004 -. 002 -. ooa 
-. m 
-.001 -.ow 
-.001 -. 001 

.ooo --.ax -. 014 -. m -. 044 

-.m 
-.001 -. 047 
--.001 -. 006 

-.001 -. 001 
--.a0 -. m 
-.a01 -.m 
-.m -.om -. 092 -.m 
-.001 
-. ooa -. 001 
--.OM 
.m 

-.010 -.m -.m 
-.001 

.mm 
-.034 
--.044 -.m -.m 
-.051 

D s  

880.789 
880.771 
880.880 
880.864 

980.861 
880.811 
980.793 
880. 771 
980. 047 

880.702 
m. 011 
980.510 
gee. 497 
880. 39a 
880.135 
880. 019 
880.090 
980. a23 
980.030 

979.529 
979.570 
979.557 
979.800 

979.617 

979. &?a 
979.824 
979.838 
979.053 

979. ma 
979.706 
979.755 
979.809 
979.89!2 

979.854 
979.957 
979.953 
980.015 

gea 041 
980. OSE 
980. 078 
880. osa 
880. OBB 
980.078 

#k3 

979.020 

Dynes. 
880. 880 
880.794 m. 77s 
880.882 w. 867 

880.883 
880.812 
880.796 
880. 772 
880.048 

680. Ma 
880.010 
9m. 530 
8RQ 499 
980. 430 
980.142 
880. m 
880.191 
9m. 224 
980. 030 

979.530 
979.580 
979.5A 
979.620 

m. 0111 
979. ma 
we. 048 
979.711 
979.190 
979.078 

979. em 
979.705 
979.756 
979. st? 

979.881 
979.856 
9 7 9 . w  
980.024 

980. 041 
880. 1Q 
880. 1 1  
980.17: 
m 1 B I  
880.1zi 

979.891 

D@t.  
-0.043 
--.m 
-.Me 
7 0 1 1  -.m 
+.m --.m 
-.012 -.m -.an 
+.027 
+.m +. 008 
+.m 
+.o10 

.m - .012 

7 0 4 8  
-.m 
--.031 
--.014 -.w -. 032 
-.m 
-.IN 
-.021 
-.m -. 03f 
-.m 
--.OBI 
--.mi -.a -.a 
-.m 
-.w 
-.Olf 
--.OM 
-.Oil 

-.w 
-.OM 
+.m 
+.Oil +.at 
7 0 0 1  

-.ma 

D W .  
-0.087 
-.m 
-.073 
-.OM 
-.m 
-.Ol3 -.w -. 027 -. 048 
-.OM 

+.045 +.ma 
-.013 
+.m 
-.019 

-.033 -. 021 -.m 
-.014 +. m 
-.OlO -.m -. 099 -.om 
-.OlO 
--.013 -.a 
-.071 
-.m --.ow# 
-. 088 
+.OM 
+.010 
-.OM 
+.025 

--.036 
+.017 
+.m +. 030 
-.m -. m -.w 
-.as 
-.m 

+.ma 

Dine. 
-0.0s 
-.m 
-.m 
--.OM -.w 
-.011 
-.037 -.m 
- . a 7  
-.ms 
+.w 
+.m 
+.w1 
+.031 +.m 
-.m 
-.m 
+.m 
-.013 +.om 
-.m +.m -. Q59 --.a 
-. m 
-.011 
-.MI 
+.Ole. -.au -.om 
--.007 
+.021 
+.011 -.m +. 025 

-.m +.om 
+.a 
+.03l 

+.Ol2 
.m 

+.OM +. 058 +.a +.m 

220. Bellingbam Wash ............... 
221 Everett W h  ................... 
222' Issaqudl wash .................. 
224: Port To&, IV& ........... 22d PortAn&es Wash .............. 
225. Port Gamble. Wash .............. 
226. Bremerton W d  ................ 
227. Tacoma, fssh ................... 
228. MOdiDS, Wash ................... 
219. Portlbd, Oreg ................... 
2M Tillamook Oreg ................. 
231: Newport b e g  ................... 
133. Marshflkd, %reg ................. 
234. Glendale, Oreg ................... 
232 Eugene 'ore .................... 

235. Tehama. Calif..- ................. 
236. sr+qmento Callf ................ 
237. Wdhts, Cadf ..................... 
238. Eureku Calif .................... 
239. 8 8 D h  dOS8, Calif.. .............. 

241. oeeansi e c+lf .................. 
242. Highland. C+f .................. 
243. Pomona, Calif .................... 

240. San DIefo; C@f .................. 

244. Long Bench Calif ................ 
(245. Redondo B h .  Calif ............ 2;: mu-Dy&,,caui: ...... ..i ........ ................. 
248. Mojave, calif ..................... 
249. Maricopa, Calif ................... 
m. Ventura Calif .................... 
252. Avila, Calii ...................... 
253. 8an Lueas, Calif.. ............... 
254. Monterey, Calif .................. 

251. conoepclon a i r  ................. 

255 Hollister Calif ................... 
a57. Ban Qregorio. Call.. __. _ _ _  _. .__. . 
258. Point Reyes Sta., Calif ........... 
25658: Palo AI&, Calif ................... 

259. 
280. 
201. 
262 
283. 
aM. 

lhnlgl  1s M i .  Calif.. ........... 
g, W,V a............... Ci-kYh, 

Rowlesburg W Va .............. 
~ l t a  tv. t a  ............... 

with t. va .................. 
Kitunder, Md ................... 
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Number and nsme of Iltation. 

U. 8. COAST AND GEODETIC SURVEY. 

hmnatk8 by the ieorrtutie, Bougucr, andfru-air rd- ntinued. 

Elevw 
tim 
H. 

~~ 

m.Pennin on,N.J .................. 
268. Glen R&e N. J ................... 
267. Phlmboro 'N. J . .  ................. 
2tis Hartford donn 
aS9: Hill City: 8. Dak.. ................ .................... 

Mdns.  
56 
58 
26 
37 

1,518 

270. Newcastle, W y o  ................... 
271. Bridge ort, Nehr .................. 
272. BufoJ Wyo.. .................... 
273. Boulder. Colo ...................... 
274. Lalayette, Colo.. .................. 

306 SalineNo. 1 Tex ................... 
307: Saline No. 2' Tex.. ................ 
308. Saline No. 3: Tex ................... c . Taylor, Tex ........................ 

275. Bri ton 0310 ..................... 
278. Chandeleur Island, La. ............ 
276. Id&Sphmgs Colo ................ 
277. Fort Morgan. h a  .................. 

114 
125 
144 
17s 

279. Port Eads, La. .................... 
281' Fort St. Philip La ................. 
282' Polnte a Is Hdhe La .............. 
283: Timbalier Island,'La ............... 
281. MorganClty La ................... 
285. Sabiue. T=.' ....................... 
21. Beaumont.Tex .................... 

280 Burrwood La ...................... 

2.398 
1030 

1.511 

2 

2 
2 
2 
2 
2 

2 
3 
6 

1: 595 

2 , 2  

................................................... 
296. wllkins Well, I(ans ................ 355 

297. Zeandale. Iians .................... 312 .................. 275 

Dkla ......................... 
................... 261 ................. -:. 295 ........................ 281 ....................... 327 

231 ................. 20 

.............. :.. ................. 
Mean with regard to sign.. ................. 
Mean without regsrd tosign ................ 

~ e s n  with regard to sign. 
Mean without regard to sign. 

Allstations U. 8.: 

D w a .  
880.198 
980. 237 
980.196 
980.322 
980.519 

880.512 
950.315 
980. 266 
980.108 
880. 166 

m. 185 
980.143 
979.339 
979.325 

979.245 
979.211 
979.271 
979.288 
979.248 

979.297 
979.299 

w. o&I 

980.090 
880.152 
979.677 
979.673 

979.66s 
979.666 
979.662 
979.672 

979.533 
979.533 
979.533 
979.366 

979.371 
979.268 
979.265 
979.264 

979.3m 

wo. ma 

......... 

......... ......... 

......... ........ 
-- 

880. 218 
m. 1w) 
980.336 
880.133 

880.142 
979.968 
979. (130 
979.621 
979. e37 

979.679 
979.458 
979.332 
979.315 

979.268 
979.298 
979.314 
979.324 
979. a49 

979.318 
979. as1 
979.335 

979.951 

979.959 
979.987 
880.019 
979. e40 
979.658 

979.583 
979.592 
979.600 
979.589 

979.508 
979. m 
979.505 
979.318 

979.288 
979.211 
979.222 
979.193 

........ 

........ ........ - - 

........ 

........ 
- 

Correction tap 
far- - 

Eleva- 
tion. 

"Si, 
+.018 
+.m 
+.OH 
+.a 
+.410 +. 344 
+.739 
+.m 
+.49!l 

+.w 
+.711 
+.001 
+.001 

+.001 +. no1 
+.MI1 
+.W1 
+.001 

+.001 +. 001 
+.m 
+.no 
+. m 
+.085 +. 108 +. 062 
+.as7 

........ 

+.OB1 
+.091 
+.os1 +. 101 
+. 035 +.a% 
+.M1 +. 055 

+. 071 
+.006 
+.014 +.w 

........ ........ - 

........ ........ - 

Dyne. -.oar -.oar -.m -.om -. 169 
-. 143 -. 135 
-.a62 -. 179 -. 176 
-. 168 
-.a5 -. 001 
.OOo 
.ma 
.m 
.ma 
.Ooo .ooo 
.ooo 
.OOo 

-.001 

-.037 

-. 032 
--.028 -. 033 
-.02l -. w 
-.m -. 029 -. cm -. a33 
-.014 -. 013 
-.015 -. 019 
-.m -.w 
-.m -. 002 

........ 

........ ........ - 

........ ........ 

observed mvity 
reduced by- - 

EXi; 
I.". 

D m a .  
980.173 
980. !w.9 
980.195 
880.343 
880.435 

980. 409 
980.185 
980. 107 
979.945 
979.953 

9'19.917 
979. w4 
979.332 
979.316 

979. a69 
979.299 
979.315 
979.825 
979.250 

979.319 
979.292 
979.326 

980.021 

980.023 
980.044 
BRO. 088 
979.681 
979.717 

979.638 
979.654 
979. e59 
979.637 

979.531 
979.526 
919.534 
979.354 

979.346 
979.215 
979.231 
979.197 

......... 

........ . . -. -. -. 

........ 

........ 

D W 8 .  
880. im 
BBO. 23(1 
980. 188 w. 347 
0 . 6 0 9  

ggo. 553 
980. 310 
880. 369 
m. 124 
980.129 

880.145 
880.169 
979.333 
979.316 

979.269 
979. a99 
979.315 
979.373 
979.260 
979.319 
979.292 
979.327 

980.061 

980.055 
880.072 
980. I27 
m. 702 
979.715 

979.664 
979.683 
979.887 
979.670 

979.543 
979.539 
979.549 
979.373 

979.389 
979.247 
979.236 
979.199 

........ 

........ ........ - - 

........ ........ 

"-!& 
-.m 
--.OM 
+.m 
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-.ow) 
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-. 018 

. +. 019 
+.014 +.om -. 018 

+. m -.m -. 014 
-. 0% 

-. 038 
-.on2 -. 033 
+.MO 
+.m 
-. 008 

+.Ol9 
-.011 

+. 003 
-.m +. 001 -.w 
-. 011 
-.m 
-.015 -. 079 

-. 015 
.025 

-. 006 . u21 

........ 

+. oia 

- 

D-!& 
-.008 -.w1 
+.Oal -.o& 
-. 103 -. 130 -. 159 -. 223 
--.213 

-. 188 
-.219 -. 001 -. 008 

+. 0% +. 058 +. 044 +.m 
+.m 
+. M1 -. 001 -.ow 
-. MM 

-. 088 
-. 063 +. 004 
+;M4 
-.on -. 012 -: olJ3 -. lm 
-. 001 -. ocy1 
+.Wl 
-.012 

-.a -. 013 -.w -. 061 

--.mi 
.045 

-. 035 .a2 

........ 

-. 064 

- - 

h d r  
Io-Yo. 

D-%e 
-.Wl 
+.Mu +.m +.m 
+.w -.m +. 1Q -.ou -.m 
-.om +.m -. 006 -. WB 
+.om +. 05s +. 014 
+.037 +. 002 
+.m -.oar 
-.001 

-.m 
-. 037 -. a4 -. 025 +. 015 +.m 
-. 001 
-. m 

......... 

::E/ 

':Et 

+. 016 
-. m 
-. 065 
.OOo .on 

t.009 
.018 

::Y +. 

NOTE.-Each of the four groups, indicated by a brace. was used as a single station,.bytaldng the mean of the oup. in computing the me8n 
anomaliw at the foot of the table. The two  Seattle station9 were also treated 8s a group in computing the seeonfset of-s. 
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-1 
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t 
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~ ...... - 
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....... ........ .__..... +8 ...-... ...-.... ........ +a .-  ..... ........ ......_. +I 

-a 

- ....... l'lmballex i ........ Irlsnd, ..._.... Ia., No. +m 2Bk 

0 
0 
0 

-1 
-1 

-4 
-7 
-9 
-12 

-15 
-18 
-29 
-76 
-433 

-a 

...... ...... ...... ._..._ ...... 

...... ...... ...... .....-, ......, 

...... ...... ...... ...... ...... 

...... ...... ......, 

...... 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

...... ...... .--... ...... ...... 

...... ....-. .-.... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... .-.... 

...... 

1 

0 
0 
0 
0 
0 

0 
0 
0 

0 

0 
0 

+t 
+4 
+P 

e 

. . . . . . . . . . . . . . . . . . . . . ......- ......- 

.:..... . . . . . . . ...-..- . . . . . . . ......- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . -b 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

+t 
+4 
+.a 
+E 
+13 
+16 
+17 
+IS 
+a 
+18 

+I 
+T 
+I 
+a 
+IO 
+8 
+8 
+o 
+I 

+i 
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Hean ekvatimur and wrrect~bns for topography aid isostatic compensation, separab zo&ontinued. 

Morgan City, La., No. 2.Q. 

I I I- I I-- 
--_ 

Sabim, Tex., No. 285. 

Elev. 
In 

feet. 

+1 

0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

+1 
+ I  
+4 
+7 

+12 

+I1 
+18 
+6 
+ I  
- 1  

T o m .  

8 +2 
0 8 0  
0 8 0  

-3 0 
-1 0 

-1 0 
-1 0 
-1 0 
-2 0 
-3 0 

-6 0 
-6 0 
-6 0 

0 4 0  
0 2 0 0  

................ ................ ................ ................ ................ 

............... ................ ................ ................ 

........I ........ 

:: 

0 
0 

0 
8 

0 0 1  
0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  

-1 
-1 

-4 
2 

................ ................ ................ ................ ................ 

................ ................ ................ ................ ................ 

................ ................ ................ 

1.166 
1,165 
1 l a  

1,170 
1:164 

+a 0 
+61 0 

+I12 0 
+1(H -1 
+53 -3 

F ......... 
0 ......... 
E ........ 
I ......... 
J ......... 

3 
4 
4 
2 
3 

K ........ 
L ......... 
1l ........ 
N ......... o ......... 

4 
4 
2 
1 

-a 
18.. 
17.. 
16.. 
15.. 
14. 

13. .............. 
12.. 

............. , ............. ............. .............. ............... 

............. 

....................... ....................... ....................... ....................... ....................... 

....................... ....................... ....................... ....................... 
8 
7 
e ..... :.. 
6 
4 

3 
2 
1 

Total... 

................................ +8 ............... ................................ +7 ............... ........................ +?O ............... ................................ +10 ................ ................................ +8 ................ 

................................ +6 ................ ................................ +s ................ ................................ + I  ............... 
........................ +I91 ............... 
- __---____ 

+2 +a 
+76 
+48 
+18 

+10 
0 
0 
0 
0 

0 
0 
0 

-1 
-2 
-2 
-2 
-3 
-5 
-8 

+a 
+69 
+I10 
+lo2 
+51 

+20 
+5 
+6 

+12 
0 

0 
0 
0 
0 
0 

0 
0 
0 

-1 
-3 

-4 
-4 
-6 

-10 
-15 

-21 
-31 
-69 
-57 
-61 

.............. ............... 

A ......... 
B ......... 
E ......... 
F ......... 
1 ......... 
J ......... 
g: ........ 
L ......... 
Y ........ 
N ......... 
0 ......... 

g.. ....... 

k::::::: 

......... 
1 M o  
1:020 
1020 
1'020 
1:057 

i m 1  
1'143 
1'133 

1 : l a  

1089 

1:157 

1 172 

1 221 
(195 
1,237 

0 
0 
0 

-1 
-3 

-3 
-4 
-5 
-9 

+a 
+64 

+lOl 
+85 
+38 

900 +2 
803 +64 
913 +95 
952 +70 
950 +33 

-1g 
-2a 
-72 
-61 
-62 

I (wo 0 

1'173 0 
1:216 0 

1'129 0 

1,189 0 

0 
0 
0 
0 

-18 
-46 
-40 
-41 

............... ............... ............... ............... ............... 

............... ............... ............... ............... 

IS. .............. 
17.. 
16. 
15.. 
14.. 

13.. 
12.. 
11.. 
10.. 
e. .............. 
8. .............. 
7. 
6. 
5. .............. 
4. ............... 
2. .............. 
1. .............. 
a. .............. 

TW.. 

............. .............. ............. ............. 

............. ............. ............. ............. 

.............. .............. 

- ........ 

........... 

............... ............... -.., ............... .............. ............... 
............... ............... ............... ............... ............... 
............... ............... ............... -I- ............... -27 

+I 
+8 
+9 

+I1 
+7 

................ ................ ................ ................ ................ 

............... ............... ............... ............... ............... 

............... ............... ............... -- ............... 

Topog.! E!ev. I 1 :z 1 Topog. I Comp. I and 1 in 1 Topog. 1 Comp. 1 'z? 
comp. feet. I Cmp. zone. 

I I I 

wilkh Well, Ksns., No. 296. Beaumont, Tex., No. 2%. - 
20 
20 
20 
20 
13 

I 

A ......... 1 5 
B ......... 4 
c ......... 4 
D ......... 3 
E ......... -2 

+1 
0 
0 
0 
0 

+2 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

-1 

-1 
-1 

0 
+2 
c 4  

+O 
+8 

0 
-S 

0 

+7 
+8 

+10 
+IO 
+9 

+6 +) 
+1 

+a 
+1 

0 
0 
0 

0 
0 
0 
0 
0 

-1 
-1 
-2 
-2 
-4 

-1 
-1 
-1 
-1 
+a 
+e 
+4 
--I 
-4 

0 

+8 
+8 

+10 
+IO 

+O 

+6 
+z 
+? 

+2 +ln 
+112 
+1oB 
+50 

+ 16 
-2 
-3 
+I 

-14 

-a0 
-30 
-78 
-70 
-7.1 

-14 
-15 
-15 
-15 - 17 

--so 
-fa3 

-14 
-6 

+I 
+7 
+O 

+IO 
+7 

+4 
t4 

--M 

+I 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

-1 

...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

........ ........ ........ ....... ....... 
....... ........ ........ ........ ........ 

I6 
25 
!23 
24 
39 

1,194 
1206 
1'214 
1'246 
1: 257 

1 %  
1' 246 
1' 328 
1' 382 
1: 418 

+a0 
+2 
+3 

+11 
0 

-4 
-4 
-6 

-10 
-14 

-20 
-30 
-78 
-70 
-71 

0 
0 
0 
0 
0 

...... ...... ...... ...... ...... 

34 
21 
34 
42 
70 

...... ...... ...... ...... ..__.. 
...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... ....................... ....................... I l l  ....................... ....................... ....................... -l-l-l- ....................... +51 

Seneca Well, Kms., No. 299. 

....................... ....................... ........................ 
-1-1-17i 

....... 
:-IT% 

Wapanucka, OUa., No. 300. 
- 

+ 2  
+64 
+95 
+69 
+31 

+10 
-3 
-5 
-8 

-12 

-17 
-21 -a 
-6a 
-60 
-13 
-13 
-12 
-13 
-14 

--so 
-18 
-18 
-14 
-8 

+ I  
+8 
+O 

+f1 
+7 

+6 
+S 
+I 

- 
+2 

+69 +no + 101 +a 
+16 
+1 

0 +a 
-15 

-21 
-31 
-69 
-57 
-61 

-13 
-13 
-13 
-13 
-14 

-so 
-18 
-17 
-14 
4 

+I 
+6 
+O 

+I1 
+7 

4-6 
+S 
+I 

-12 
- 
- 

l- - 
+2 

+64 
+ I 0 1  

+BB 
+41 

+I9 
0 
0 

+3 
0 

0 
0 
0 
0 
0 

...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... - 

...... 

0 
0 
0 

-1 
-2 

-3 
-3 
-5 
-8 

-12 

- 17 
-21 
-69 
-62 
-60 

...... ...... ...... ..__.. ...... 

...... ...... ....... ...... ...... 

...... ...... ...... ...... ...... 

......, ...... ....... - ...... - 

,660 
BBO 

657 
675 

685 
675 
667 
677 
692 

724 
731 
779 
781 
820 

0% 

...... ...... ...... ...... ...... 

+9 
+Q 
+76 
+47 + 16 

+8 
-2 

-5 
-8 

-12 
-1s 
-46 
-4e 
-U 
-8 
-0 
-9 

-18 
-11 

-18 
-14 
- I f  
-1I 
-4 
+I 
+8 
+O 

+I1 
+8 

+6 
+S 
+f 

-a 

1150 

1148 
I' 178 
1: 171 

1 195 

1: 150 

1: 230 

is E 
1; 302 

1299 
1' z96 
1' 166 
1' 120 
1: 205 

...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... - ...... 

-12 
-13 - 13 
-13 
-14 

-s2 ................ 
-10 ................ 
-?8 ................ 
-11 ................ 
-8 I 1  ... .....I.. ..... , 

...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... 
+6 +s 
+I --- -I -69 1 ........I ........ -96 - ...... 

- I 
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967 
967 
963 
94P 
944 

+a 0 +a 0 

+77 -1 
+36 -a 

+loo 0 , 

A ........ 
B ........ 
c ......... 
D ........ 
E ........ 
F ......... 
0 ........ 
H ........ 
I ......... 
J ......... 
Ei ........ 
L ......... 
Y ........ 
N ........ 
0 ........ 

918 +2 
,918 +64 
918 +96 
918 +73 
9@!? +31 

903 +io 
90.9 0 
895 0 
914 0 
903 0 

1 0  0 
895 0 
796 0 
791 0 
641 0 

+a +a 
+96 
+72 
+29 

si3 4-2 
I S  +80 
85s +9a 
857 +66 
842 +29 

0 
0 
0 

-1 
-2 

-3 
-3 
-4 
-7 

-10 

- 15 
-22 
-50 
-49 
-48 

....... ....... ....... - -. . - . . ....... 

....... ..-.-.. . . -. -. . ....... ....... 

. . -. -. . ....... ....... ....... ....... 

....... ....... ....... 

+7 
-3 
-4 
-7 

-10 

-14 
-21 
-47 
-41 
-42 

821 +10 
mi 0 
823 0 
€35 0 
832 0 

836 0 
856 0 
e25 0 
%53 0 
e77 0 

959 
949 
957 
944 
949 

932 

+10 -3 
0 -3 
0 -5 
0 -8 
0 -11 

0 -15 ........................ 

917 
918 
925 
92a 
821 

924 

843 

954 

+10 
0 
0 
0 
0 

0 
S B b O  

0 
8 5 8 0  

0 

........................ ....................... I ....................... 
....................... ....................... ....................... ........................ ........................ 
........................ ........................ ........................ ........................ ........................ 
........................ ........................ ........................ ........................ ........................ 
....................... ........................ ......................... 
........................ 
---- 

-12 

18.. 
17.. 
16. 
15.. 
14. 

13. 
12.. 
11 
10.. 
8. 

8.  
7.  
6. 
5.. 
4. 

3. 

1 .  
a. 

..................... ..................... ...................... ..................... ...................... 
...................... ..................... ....................... ..................... ...................... 
...................... ...................... ...................... ..................... ...................... 
...................... ...................... ...................... 

-8 
-9 - 10 
-11 
--If 
--I 
-16 
-1s 
-13 -s 
+s 
+8 
+9 
+I1 
+8 

+6 +s 
+I 

................ ................ ................ ................ ................ 

................ .._ ._ ._. _._ ._. . 

................ ............... 

................ 

............... ............... ............... ............... ................ 

............... 
: .............. ............... 

.............. .............. .............. .............. .............. 

.............. .............. .............. .............. .............. 

....................... ....................... ....................... ....................... ....................... 

....................... ....................... ....................... ....................... ....................... 

....................... ....................... ....................... ....................... ....................... 

....................... ....................... ....................... ....................... ....................... 

........................ ....................... ....................... 
-- ....................... 

............... ............... ............... 

............... ............... ............... ............... ............... 

I I I I I 

Idle Wade, Okla., No. 302. I Troy, O m ,  No. m. I Lowery, Olcla., No. 303. Caw, Okh., No. iW. - 
+a 
+Bo 
+92 
+65 
+27 

+8 
-3 
-4 
-7 
-9 

- 13 
-21 
-49 
-44 
-44 

-9 - 10 
-10 
-1) 
-11 

-24 
-16 
-1s 
-1s 
-1 

+4 
+8 
+9 

+I1 
+8 

+5 
+S 
+I 

- 
0 
0 
0 

-1 
-2 

-2 
-3 
-4 
-7 
-9 

-13 
-21 
-49 
-44 
-41 

...... ...... ...... ...... ...... 

...... ...... .._._. ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... 

+2 +a 
+lo0 
+76 
+M 
+7 
-3 
-5 
-5 

-11 

-15 
-1s 
-6I 
-49 
-49 
-10 
-1 1 
-11 
4 s  
-14 

--I 
-18 
-1s 
-1s 
-8 

:B 
+# 

+11 
+8 

+6 
+S 
+I 

+a +a 
+96 
+71 
+31 

+7 
-3 
-4 
-7 - 10 
- 15 
-22 
-50 
-49 
-48 

-10 
-11 
-11 
-1s 
-14 
-s 
-18 
-1s 
-1s 
-1 

+J 
+8 
+9 

+I1 
+8 

+6 
4-3 
4-1 

0 
0 
0 

-1 
-2 

-3 
-3 
-4 
-7 

-10 

-14 
-21 
-47 
-41 
-42 

........ ........ ........ ........ ........ 

........ ........ ........ ........ ........ 

........ ........ ........ ........ ........ 

........ 
1:::::::: 

....... I ....... .............. .............. .............. .............. 

.............. .............. .............. --I- .............. -- ....... -18 I ...... - -11 
- 

TO tal... +I4 
I 

I Busby, Okla., No. 305. I Saline No. 1, Tex., No. 308. Saline No. 3, Tex., No. 308. 
I .  1 1  

- 
+a 

+52 +- 44 
+18 
+7 

-1 
-2 
-2 
-4 
-6 

-8 
-1s 
-I9 
--I 
--I 

-8 
-8 
-8 
-8 
-6 

-18 

-10 
-1 

+ 
+8 

+11 

+6 +s 
+I 

- la  

-a 
-a 

+B 
+a 

- 

- 
+ 2  
+M 
+47 
+18 
+7 

-1 
-2 
-2 
-4 
-6 

-# 
-15 -n 
4 8  -n 
-8 
-8 
-8 
-6 
-6 

-1 1 
-7 
-4 

-2 
-e 

'+B + 10 
+IO 
+8 

+8 
+I 
+ I  
-3 
- 

- 
403 
461 
465 
470 
470 

471 
458 
4iO 
500 
5110 

492 
496 
504 
491 
489 

...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... ...... ...... 

...... ...... ...... - ...... - 

4-0 
+58 += 
+% 
+9 

-1 
-2 
-2 
-4 
-6 

-8 
-11 
44 
-!n 
-25 

-8 
-8 
-6 
-8 
-4 

--I# 
-8 
-8 

-10 
-8 

3 
+e 

+I1 
+8 

4-6 
+S 
+I 

........ ........ 
c ......... 
A 
B 
D ........ 
E ........ 
F ........ l o 2 3  +1 -3 
0 ........ 1:017 0 -4 
H ......... 1,014 0 -5 
I .......... 9sB 0 - 8  
J ......... 970 0 -11 

369 +2 0 
369 +52 0 
372 +44 0 

408 0 

+I3 
-4 
-5 
-8 

-11 

-15 
-14 
-64 
-61 
-61 

....... 
L.. 
Y.. 
N ................. I ................ 

K.. 

0 ................................. 
18 ................................. 
17 ................................. 
16.. ............................... 
l6 ................................. 
14 ................................. 
13 ........................ -1.. ...... 
12 ................................. 
11 ................................. 
IO.. ............................... 
0. ................................ 
8.. ............................... 
7 ................................. 
5.. 
5.. 
4.. 

........................ I ........ I .............. 

........ ........I ....... 

........ ........I.. : .... ....................... 

........ ............... ............. 

....... 
-17 ....... .............. 
-18 ........ .............. 
-1s 

+4 
+ R  ....................... ....................... ....................... ....................... 

....................... ....................... 3.. ............................... 
2.. ............................... 
1.. ............................... / I l l  ............... ............... ............... 4-l- ............... +la 

, , +I I ........ 1 ........ j ....... 
--I ------ 

Toral. .......................... +12 ....................... 
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feet . ZonS . 

Taylor . Tes., No . 808 . Georgetown. Tax., No . 310 . Damon No . 1. Tex., No . 311 . 
I I I I 

18 
17 
10 
15 
14. 

18 
12 
11 
10 
0 

8 
7 
6 
5 
4 

A ................... 
B .................. c ................... 
D .................. +M 
E ................... + 16 

................................................ ................................................ 

................................................ ............................................... 

................................................ 

................................................. ................................................ ................................................ ................................................ ................................................ 

................................................ ................................................ ................................................ ................................................ ................................................ 

F ................... 562 +2 -2 
Q .................. 588 0 -2 
H .................. 801 0 -3 
I ................... 612 0 -5 
J ................... 558 0 -6 

R .................. 575 0 -0 
L ................... 506 0 -14 
M .................. 593 0 -35 
N .................. 0 -34 
0 .........I.. ........ 

-8 
-8 
-7 
-7 
--'I 

--I # 
-B 
-7 
-IO 

+I  

+7 
+B 
+IO 
+10 
+B 

.............................. .............................. .............................. .............................. .............................. 

.............................. .............................. .............................. .............................. .............................. 

.............................. .............................. .............................. .............................. .............................. 

.............................. .............................. .............................. .............................. .............................. 

.............................. .............................. .............................. .............................. .............................. 

.............................. .............................. .............................. .............................. .............................. 

+2 62 
+60 62 
+84 ' 62 
+53 60 
4-11 60 

................................................ ................................................ ................................................ 
8 +6 
2 +# 
1 + J  ,.. --- 

"OM ....................................... +18 1 

68 'HI -6 3 82 

-9 .......... 

.............................. .............................. .............................. .............................. ............................ .............................. -----________ 

+6 
+# 
+1 

.............................. +I5 .............................. 

-13 .......... 
-10 .......... 
-42 .......... 
-42 .......... 
-42 .......... 

A ............................................. 
B ............................................ 
c ............................................. 
D ............................................ 
E ............................................ 
F ............................................. 
Q ............................................. 
H ............................................ 
I ............................................. 
J ..................................................................... 

-8 
-B 
-8 
-8 
-8 

-14 
-10 
-8 

-10 
+1 

+7 
+g 

+10 
+IO 
+B 

1 4  +a 
142 +32 
142 +8 
147 +6 
125 0 

95 0 
82 0 
74 0 
70 0 

x .................................................................... 
L. .................................................................... 
Y .................................................................... 
N ................................................................... 
0 ......... .. ......................................................... , 

+2 
+16 
+2 

0 
0 

0 
0 
0 

-1 
-1 

-1 
-S 
-6 
-6 
-8 

-1 
0 

+1 
+I +s 
+I 

0 
J 
-7 
+1 

+7 +a 
+IO 
+IO 

+fi 

+U 
+¶ 
+1 

IS ................................................................... 
17 .................................................................... 
16 .................................................................... 
15 .................................................................... 
14 ................................................................... 
18 .................................................................... 
12 ................................................................... 
11 ............................................................... 
10 ................................................................... 
0 .................................................................... 
8 ................................................................... 
7 ................................................................... 
6 ................................................................... 
1 ........................................................ 
4 ................................................................... 
s ................................................................... 
2 .................................................................... 
1 .................................................................... 

TOM .............................................. 

I Damon No . 2. Tex., NO . 312 . I Damm No . 3. Tex., No . 313 . 

, 

, 

, ...., 
, 

, 

..........., 

______ .I. .......... 
I 

0 
0 
0 
0 
0 
0 
0 
0 

-1 ........... 
........... ........... ........... ........... ........... 
........... ........... ........... ........... ........... 
........... ........... ........... ........... ........... 
........... ........... ........... ........... ........... 

+2 58 
+32 58 
+8 58 
+6 60 

0 60 
0 8!4 

0 72 
-1 50 
.-I 67 

-1 60 
-1 68 
-4 72 

JB 

0 m 

- f  81 

.-I ........... 
0 ........... , 

+I ........... +) . .........., +s ........... 
+d ........... 

0 ........... -s ........... 
-7 ........... 
+I ............ 
+7 ........... 
+8 ........... + 10 ........... 
+IO ........... 
+B ........... 

:::::::::::I ........... 
+6 ........... 
+5 ..... ....... ............ 

.......... ........... 

+2 
+16 
+I 

0 
0 

0 
0 
0 
0 

.-I 

-1 
-2 
-4 
-3 
-4 

.-I 
0 

+I 
+1 
+I 
+1 

0 
-S 
.-I 
+I 

+7 
+a 

+10 
+10 
+B 
+6 
+I 
+ I  

...........I ............ I +56 



- - 

Pal 
du- 
urn, 

- 
A4 
A4 
Ab 
A5 
A6 
AS 
A6 
M 
A4 
A4 
A4 
A4 
Ab 
A5 

A6 
A8 
A8 
A8 
A5 
A5 

A4 
A4 
A4 
A4 
Ab 
A5 

A5 
A5 
A6 
A5 
A8 
A6 
A8 
A8 

A8 
A6 
A6 
A6 
A4 
A4 
A4 
A4 

A4 
A4 
A4 
A4 
AS 
A5 

I. 

%en. 
..- ...... 
. . . . . . . . . ..- ...... . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . 
..- ...... 

MesnO. 

-- 
Dpnea. 

Pres- 
lure. 

4-1 
+2 
+7 +a 
+4 
-4 
+3 
-3 

C h o .  chro 
nom-nom 
eter eter 
No. No. lees. 1888 --- 

-171 +5aa 
-171 +522 
-188 +581 
-1% +581 
-188 +581 
-188 +581 
-2ol +w 
-201 +w 

930. 883 
9 m . w  

9so. %El WJ 
980.883 

2% 

+4 
+a 

0 
0 

+4 
+3 

+5 
+5 
4-5. 
+4 
-1 
+6 
+8 
+6 

+2 
+2 +a 
+5 
+3 
+3 
+3 

+2 
+1 

+2 

-194 
-lR 
-185 
-185 
-172 
-172 

-217 
-217 
-234 
-234 
--a34 
-234 
-235 
-236 

-179 
-179 
-180 

-180 
-180 
-187 
-187 

-215 
-216 

-im 

980.m5 
980. 872 
980.874 
980.873 
980.S78 
980.515 
'580.879 
w.874 

' 

980.875 
' +O.W 

, 

- - 

'0s 
Loll 

- 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
g 

Total arc. Perlod uncorrected Coincidence 
interval. Period corrected. 

- 

Fi- 
nal. 

- 
I9Jt. 
1.7 
1.9 
1.8 
1.8 
1.7 
1.6 
1.9 
1.6 

1.9 
1.7 
1.7 
1.9 
2 .0  
1.7 

1.8 
1.8 
1.6 
1.8 
1.7 
1.7 

1.9 
1.7 
1.7 
1.8 
1.8 
1.8 

1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 

1.5 
1.4 
1.8 
1.8 
1 .8  
1.8 
1.8 
1.8 

1.7 
1.6 
1.6 
1.8 
1.5 
1.8 

- 

F h  
ure. 

- 
-13 
-13 
-13 
-13 
-13 
-13 
-13 
-13 

-9 
-9 
-9 
-9 
-9 
-9 

-8 
-8 
-8 
-8 
-8 
-8 

-8 
-8 
-8 
-8 
-8 
-8 

-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 

-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 

-11 
-11 
-11 
-11 
-11 
-11 

- 
Chr* 
nom- 
eter 
NO. 

188% 

- 
Ini- 
tial. 

- 
mm. 
7.9 
8. .3 
8: 1 
8.0 
7.9 

7.9 

7.7 
7.9 
8.0 

7.9 
7.9 

7.9 
7.9 
7.9 
8.0 
7.9 
8.0 

7.9 
7 .9  
7.9 

7.'9 

ao 
ao 

ai  

a 1  

ao 
ao 
ao 
ao 

ao 
7.8 
7.9 

7.9 
7.8 

7.9 
7.9 
8.1 
7.9 
8.1 
ao ai  a i  

so 

so 
ao 

8.0 

8.1 
8.0 

- 

brc. 

- 
-17 
-20 
-18 
-18 
-17 
-17 

-17 

-17 
-17 
-17 
-18 
-19 
-17 

-18 
-18 
-17 
-18 
-17 
-17 

-18 
-17 
-17 
-17 
-18 
-18 

-17 
-18 
-18 
-17 
-17 
-18 
-18 
-17 

-18 
-15 
-17 
-17 
-18 
-18 
-18 
-18 

-17 
-17 
-17 
-17 
-18 
-17 

-1s 

- 

T m  
!E 
- 
-217 
-222 
-245 
-249 
-255 
-259 
-267 -m 
-128 
-11s 
-115 
-114 
-118 
-111 

-103 
-118 
-93 
-70 
-52 
-40 

-83 
-78 
-70 
269 
-75 
-85 

-100 
-100 
-99 
-97 
-1w 
-104 
-108 
-111 

+%I 
+38 + 48 
+47 + 40 
+37 
+29 
+18 

-172 
-186 
-158 
-148 
-158 

-im 

- 

Mmn. 

a. 
L54m380 
.500&118 
.5006831 . m 8 3 2  
. m e 3 1  . m 8 3 4  
.5008291 
.mm 
.5008421 
.-418 
.5008418 
.EO35421 
.5004855 
.me62 

. a 5 7 8  

.500458a 

.5004508 

.5004804 

.mw 

.5004914 

.m722 

.5CQ6728 

.m722 . m 7 2 3  

.5001988 

.5004883 

.5004690 . XI04684 

.5004888 . m4343 

.boo4345 

.5004334 

.5001346 

.5004378 . m 3 8 4  

.5004385 

.5004392 

.m480 

.5008488 

.5006483 

. a x 4 8 3  

. W 7 8  

. m 4 8 8  

.5W470 

.m78 

.a04732 

.5004730 

. ~oopm2 

I Rata. 'res. 
we. 

- 
nm. 

83 
82 
57 
62 
80 
89 
81 
87 

58 
80 
80 
61 
55 
58 

80 
82 
82 
62 
60 
61 

80 
82 
83 
84 
59 
80 

58 
59 
59 
59 
85 
58 
58 
58 

61 
81 
81 
61 
58 
80 
60 
60 

62 
63 
e4 
64 
63 
81 

Date. Cb* 
nom- 
e t a  
No. 
1- 

Chr* 
lometer 
uo. la& 

- 
a. 

I. sm776 
.5008894 . m m  
.5owo95 . m103 
.500112l 
.50087e4 
.5m6m 
.5008731 
.5008735 
. m 7 0 9  
.5008719 
.5001949 
.a04954 

.5001904 

.Em4923 

.boo4849 

.5005140 

.5005142 

.5o07022 

. m 1  

. m 7 m  

.mal2 

.5005232 

.ma 

.5o05023 

.5o05027 

.5o05034 

.6o05047 

.XI04705 . XI04708 

. w 9 0  . EO04719 

.5004581 

.5001543 

.5004538 

.5004515 

.EO35644 

.5008657 

.m58 

.5008878 

.5008898 

.5o08904 . m m 9  

.5008878 

.5oo5on8 
,5005108 

. m 8 7 3  

Ch. 
nomete2 
No. 1838 

Ch* 
No. nomatez 1888, 

Ch* 
nometer 
No. 18813 

- 
a. 

L5ooBa&I 
.5008142 
.5008323 
.5008332 
.5008328 
.5oo0340 
.mm . m 1 8  

.5008020 

.5008009 

.5005999 .mooo 

.5004255 

.5m!m 

.5004159 

.5001183 

.am154 

.5004149 . m 4 6 6  

.5001483 

.mm 
:m207 
.5008!214 
.5@3214 
.5004486 
. m 4  

.5Mn252 

.5M)42ae . XI04279 . m 2 7 1  

.50059(7 

.5009938 

.5m941 

.5003943 

.mm 

.mm 

.soMIw)s 

.mWn 

.5oom 

. m o o 8  

.moo7 

.5008012 

. m 1 1 1  

.5006113 . m 1 0 B  

. 5 0 0 8 1 ~  

.5001349 

.5001342 

1916. 
Jun023.. . . 
h l e 2 4 . .  .. 
June 28.... 
June27.. .. . . . .do. . -. . 
June 28.. -. . . . .do. . -. - 
June29.. . . 
July 19.. . .. 
July 20. .. . . 
._. .do..  .__ 
July 21 ... .. . . . .do.. . . - 
July B..... 

July 25. ._. . 
July 28... . . . . . .do.. . . . 
July 27... . . .... do.. ._. 
J ~ 4 2 8  .... . 
Aug. 1.. ._. 
Aug. 2.. . . . . . . .do. . -. . 
Aug. 3.. .. . . . . .do. . . . . 
Aug.4 ....., 
Aug.9 ...._. 
Aug. 10.. ._, .... do.. . . . , 
Aug. 11.. . . .... do.. ... 
Aug.19.. ._ .... do.. ... , 
bug. 13.. .., 

Aug. 18.. .. , 
Aug. 19.. .. , 
....do.. .-. , 
Aug.20.. _. , _... do ..-... 
Aug.21.. -. . 
....do.. ... , 
AUg.ZS..... 

Aag. 84.. .. . 
Aug.26.. .. . 
...&I. ...., 
Aug.28.. . . . .... do.. .... 
Aug.n . .  ... 

2&:3e 
283.17 
563.38 
352.89 
352.43 
351.80 
588 98 
387.82 

371.88 
372.78 
373.15 
372.57 
50580 
505.06 

510.23 
5as.28 
513.49 
618.06 
488.94 
488.88 

358.50 
356.58 
357.50 
357.57 
478.32 
478 85 

488.22 
497.78 
497.08 
495. 80 
531.93 
8 1 . 7 8  
533.50 
630.28 

548.80 
a80 
651. Bo 
554.58 
376.82 
376.07 
375 88 
374.88 

3EL 96 
36282 
363.94 
304.00 
491.84 
488.04 

a. 
309.76 
307.53 

395.30 
395.58 
391.78 
416.54 
415.04 

415.79 
416.53 
417.24 
417.18 
m02 
588.50 

801.58 

Boa. 34 
802.88 
580.40 
580.57 

403.34 
403.27 
402.82 
402% 
500.32 
580.48 

588 48 
588.48 
584.70 
585.82 
033.88 
835.28 

834.44 

840.85 

640.71 

417.52 
416.80 
416.70 
416.34 

4m. 60 
409.47 
409. a8 
4m. rn 
575 40 
578.24 

3 w  m 

598. a0 

034. .so 

840. a4 

640.38 

e. 
20.18 
20.29 
20. ss 
20.95 
21.08 
21.18 
21.38 
21.48 

18.08 
17.82 
17.75 
17.72 
17.78 
17.88 

17.45 
17.81 
17.21 
18.88 
18.25 
15.98 

18.98 

18.87 
16.84 
18.79 

17.39 
17.39 
17.38 
17.32 
17.48 
17.49 
17.54 
17.64 

14.52 
14.14 
13.91 
13.89 
14.04 
14.12 
14.30 
14.58 

18.29 
18. 11 

ia 81 

16. 58 

ia g% ia 78 
ia 5.1 
18.78 

a. 
15008359 
.5008420 
.m27 
.maB . m 3 4  . m 4 c  
. m 2 s  
.5008300 
.ma 
. a x 4 1 5  
.5008414 
.m423 
.m53 
.5001884 

. m 5 7 9  . m 5 8 1  

.5004801 

.m5W 

.SM)p903 

.5004916 

.5008723 .mm 
-5006729 
.ma 
.mgBB 

.5001685 

.5Ow88 

.5004878 . me94 

.5004340 

.5001347 

.xQ4348 

.5M)p353 

.5061381 

.5o04380 

.m380 

.5004390 

.5006484 . m 4 9 2  

.am478 

.5008181 

.am477 

.5o0&180 
.-71 

.SM)p726 

.5004737 

.mm3 

. m n  

8. 

.500&111 

.5008835 

.600(1835 

.m28 

.5008828 

. m 9 4  

.5008283 

.5008419 

.500&118 

.5@36419 

.5008419 
-5004857 
.5004880 

.5Mw77 

.5004584 

.5001591 
,5004608 
.5004904 
.5004913 

.awl720 

. m 7 2 7  

.5008m 

.5008723 

.5004961 

.m889 

.5004818 

.5Mu692 

.5Mu888 

.a34882 

.5004346 

.m343 

. m 3 4 1  

.5004339 

.5004370 

.5004381 

.5004390 

.am393 

.5000476 

.5008484 

.5008485 

. a x 4 7 9  

. m 7 8  

.mss 

.-489 

.6006478 

.boo4739 

. m 7 2 3  

mM)o8380 Washington D. C., 
Coast and'0eodetio 

Qamer. 
BWVW omm,c. L. 

1 
2 
3 
4 
b 
6 
7 
8 

1 
2 
3 
4 
6 
8 

1 
2 
3 
4 
6 
6 

1 
2 
3 
4 
5 
8 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
6 
8 
7 
8 

1 

3 
4 
b 
8 

a 

No. !220, 
*anh.,%!%s2 

+8 
+4 
+4 
+3 
+8 
+7 

+4 
+a +a +a 
+3 
+2 

-160 
-1M 

+547 
+547 
+557 
+557 
+538 
+538 

+543 
+543 
+553 
+553 
+513 
+513 

_ _ _  
-158 
-158 - 180 
:-160 

No. 221 E v a t  
wash., 6. L. Q-&, 

-2w 
-200 
-158 
-158 
-163 
-183 

980.753 
980.781 

980.788 

No. 222 1-a 
wash.,b. L. -', 980.783 

980.761 

980.765 
m. 783 

N a P a  Port- 
Wad., C. L. Oar&, +548 

+M8 + 530 + 530 
+530 
+530 
+527 
+527 

N0.224 Port ToWn- 
send,'Wash., C. L. 
Q-. 

+467 + 487 
+481 
+481 
+481 
+481 
+471 
+471 

+571 
+571 
+558 
+m 
+504 
+m 

No 225'Port Qam- dk. *ash., c. L. 
Q-. 

980. Bw) 

980.856 
980.857 



No . 228 Brprmerton 
wash .; c. L Game; 

-4 -241 
+6 -241 
+5 -253 
+4 -253 
+4 -230 
+1-230 

No 227 Tacoma 
wash .. c . L. Gam el. 

+w 
+534 
+537 
+537 
+658 
+558 

No . 238 Por t land  oreg.,’c. L. ~ m w l  

b u g  . 30 ..... 
Aug . 31 ..... ..... do ...... 
sept . 1 ...... .... do ...... 
sept . 2 ...... 
Sept . 7 ...... 
Sept . 8 ...... .... do ...... 
Sept . 9 ...... ... .do ...... 
Sept . IO ..... 
Sept . 13 ..... 
Sept . 14 ..... .... do ...... 
Sept . 15 ..... ... .d 0.  ..... 
Sept . 16 ..... 
Bept . 19 ..... 
Sept . PO ..... .... do ...... 

No . a30 Tillamoak 
oreg., h L . osmer: 

476.50 
478.48 
477.77 
475.58 
508.62 
508.75 

497.95 
498.44 
601.74 
604.34 
357.42 
356.54 

mol 
361.53 
362.78 
362.95 
487.14 
489.00 
444.44 
445.34 
415.92 

No . 238 MamMald  OW.,'^. L . ~arner[ 

980.764 
980.791 

980.785 
880.787 

980.791 
980.769 

No . Z%4 Olpmdale. 
Om., 6. L. Qamer . 

9W.788 
*0.001 1 

No. 235. Tahams ...... 
Celt . c . L . oarner . 

+1 
-1 
+4 
+3 
+2 
+6 

; 

I 

t 

1 
I 
a 

t 

1 
I 
i 

t 

1 
i 
I 
4 
I 

I 
2 
3 

6 

1 
1 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
6 
6 
7 
8 

1 
2 
3 
4 
5 
6 

1 

; 

e 

; 

-2a7 +573 
-237 +573 
-204 +E53 
-204 +553 
-162 +531 
-162 +531 

A5 
A5 
A5 
A5 
A6 
A6 

A6 
A6 
A6 
A6 
A4 
A4 

A4 
A4 
A4 
Ah4 
A5 
A5 

A5 
A5 
A5 
A5 
A6 
A6 

A6 
A0 
A6 
A6 
A4 
A4 

A4 
A4 
A4 
A1 
A5 
A5 

A5 
A5 
A5 
A5 
A6 
A6 

A6 
A6 
A6 
A6 
A4 
A4 

b4 
b4 
b4 
b4 
15 
15 u 
15 

4.5 u w 
15 
18 
U 

+7 
+6 
+4 
+3 
+5 
+3 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

-1w +424 
-199 +424 
-152 +412 
-152 +412 
-151 +398 
-151 +398 

+3 
+ I  
+4 
+4 
+6 
+4 

8eptT21 ..... 44i.G .... do ...... 474.63 
Sept . 22 ..... 474.07 I 

-213 +453 
-213 +453 
-191 +466 
-191 +I66 
-180 +a54 
-180 +454 

+5 
+4 
+4 
4-3 
+5 
+4 

-208 +531 
-208 +531 
-139 +500 
-139 +500 
-145 +484 
-145 +484 

Sept . !% ..... 
Sept .27 ..... ... .do ...... 
Sept . 23 ..... .... do ...... 
Sept . as ..... 

484.84 
488.28 
495.38 
495.03 
350.62 
349.58 

559.11 
581.38 
561.w 
580.11 
BOB . 00 
805.44 

592.w 
594.85 
592.03 
593.72 
395.52 
396.59 

395.m 
395.08 
395.77 
3m . 69 
547.88 
544.08 

505.15 
504.16 
5Lu . 84 
m . 26 
539.26 
639 . oa 
569.84 
566.02 
666.38 
567.34 
383 . MI 
383.90 

377.47 
375.78 
374.28 
372.55 
500.53 
497.82 

479.76 
479.46 
479.82 
479.97 
513.33 
514.57 

514.50 
517.65 
516.12 
613.29 
358.38 
358.82 

334.43 
337.15 
335.98 
336.04 
439.42 
437.56 
436.44 
436.60 

400.36 
3% 72 
400.10 
398.54 
4 a 2  28 
a . 0 2  

+7 
+6 
+5 
+4 
+2 

0 

7 . e 
7 . u 
7.1 
7.9 

7 . g 
7.0 
7 . ll 
7.8 

8.0 

aa 
aa 

ao 

aa 
aa 
8 . a 
8 . a 
aa 

ao aa 

8.0 

8 .1  
7.8 

7.9 
7.9 

7.8 

7.9 
7.8 

ao 

ao 
ao 
8.0 
8.0 
8 .1  
8 .0  
7.8 
7.7 

7.6 
7.9 
8.0 

7 .9  
7.9 

7.9 
8.0 
7.8 
7.9 
7.9 

7.9 
7.9 

7.9 
7.9 
7.9 

7.9 

7 . e 
7.9 
7.7 
8 0  

7.7 

8 .a 

ao 

ao 

ao 

ao 

-128 + a 6  
-128 +596 
-105 +554 
-105 +554 
-116 +54l 
-116 +541 

1 . Q 
1.1 
1 . 8 
1.8 
1.1 
1.7 

1.7 
1.5 
1.7 
1.7 
1 . 6 
1.8 

1.7 
1.9 
1.8 
1 . 8 

1.8 

1.6 
1 . 6 
1 . 6 
1.8 
1.6 
1 . 6 
1.7 
1.6 
1.6 
1.6 
1.9 
1.6 

1.8 
1.6 
1.6 
1.8 
1.6 
1.6 

1.8 
1.7 
1.8 
1.7 
1.7 
1.5 
1.8 
1.5 
1.9 
1.7 
1.8 
1.7 

1.9 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 

LS 
1.8 
1.7 
1.8 
1.7 
1.7 

1 .a  

Oct.3 ....... 
Oct.4 ....... .... do ...... 
o c t . 5  ....... .... do ...... 
OCt.6 ....... 
01% . 10 ...... 
Oct . 11 ...... .... do ...... 
Ort . 12 ...... .... do ...... 
Oct . 13 ...... 
OCt . 17 ...... 
OCt . 18 ...... .... do ...... 
OCt . 19 ...... .. ..d 0. ..... 
oct.20 ...... 

18 05 
17.79 
17.55 
i a  48 
la BB ia ea 
18 . cs 
19.48 
19.33 
19.28 
19.21 
19.11 

15.95 
15.28 
15.41 
15.31 
16.45 
15. OB 

17.94 
18.01 

18.2s 
18.53 
18.68 

IS . 15 
17.74 
17.46 
17.44 
17.50 
17.49 

17.38 
17.02 
17.45 
17.34 
18.46 
la55 

14.37 
14.34 
14.24 
14.16 
13.93 
1% 70 

16.78 
15.84 
18.20 
16.42 
16. 07 
15.64 

12 97 
12 97 
1% 11 

18.19 
18.12 
K 91 

lhde 
Lh 84 
682 
111. 80 

I& 91 

la 13 

t: 2 

E m  

338.96 
340.34 
338.85 
340.28 
441 . Oa 
441.61 

427.60 
428.26 
428.77 
423.M 
458.94 
458.07 

44881 
454.90 
453.26 
452.55 
329.50 
330.05 

64 
I 
59 
60 
do 
ba 

63 
66 
00 
61 
62 
58 

68 
57 a 
60 
Ea 
60 
e1 
6a 
60 eo 
58 
60 
a 
60 
60 
81 
58 
60 
56 
58 
59 
60 
62 
64 

57 
67 
Ea 
58 
69 
60 
60 
6a 
MI 
67 
80 
e1 

67 
69 
60 
e1 
MI 
68 
57 
67 

82 
64 
59 
69 
81 
6!a 

+6 
+6 
+5 
+5 
+4 
+3 

. 5o05026 . 5o05031 . wo1BBs . 5001963 . wO7005 . 5007021 

. 5orm9Ba . mm . wO8800 . 5008888 . 6005138 . boa5l28 

. wo6682 . Mw)68ao . MOM18 . 5om2s . 5005273 . 5mW79 

. !m5162 . 5005125 . boo5051 . Mw)5a58 . 5007141 . bWl161 

. 5007397 . m 3 5 6  . 5w7367 . 5007357 . 5005875 . M)o5867 

. 5005853 . 5005844 . 5005831 . bms48 . wo5153 . 6005463 

. 50055’10 . 5005m2 . 500551a . 5005527 . 5007599 . 5001586 

. 5001888 . 5007981) . 50078’18 . WOlsBB . 5oOela12 . 5MwaM . M)(16185 . 5008188 

. m794 . 5008825 . mm9 . 5008810 . -70 . m64Qi 

-180 +450 
-180 +450 
-187 +m 
-187 +439 
-164 +426 
-164 +428 

. 5ooo1g . m m  . m m  . 5OO4alJ . 5008828 . Em319 

. 6008818 . 5008338 . 5lKhw3 . 5006311 . 5004567 . m m  

. m954 . m w  . m w  . M)(w961 

. 5001641 

. 5004391 . 5001421 . 5004418 

. 5lM6524 . 5006511 

. 5008882 . 5008861 . 5008888 . 5008719 . 5M)5Mw) . m 

. 5005316 . 5oO5319 . 5005215 
-5006314 . 5004875 . 6009883 

. 5004864 . 5004834 . 5004849 . m a 7 5  . 5006985 . SMWgR 

. 5007486 . 5007426 . m 4 5 2  . m 4 6 0  . 5oowB6 . 5005720 . 5005735 . m 7 4 6  

. 5oac?s2 . 5ooBQ8a . 500635(1 . sa6265 . 5006831 . SOlWl7 

. me4a 

. 5oop41a 

+: 
+7 
+6 
+4 
+a 
+5 
+4 
+3 
+2 
+6 
+6 
+6 
+6 

+I 
-1 
+4 
+1 
+2 
+1 

-le 
. 11 
-11 
-11 
-1C 
-17 

. 17 

-11 
. 17 
-17 
-18 

-17 

. 18 
-13 

-18 

-17 
-18 
-11 
-13 
-17 
-17 

. 17 
-17 
-17 
. 16 
-18 
-17 

-18 
-17 
-17 
-18 
-16 
-16 

-17 
-17 
-18 
-17 
-17 
-16 

-18 
-16 . 17 
-17 
. 18 
-17 

-18 
-17 
-17 . 1.7 . 17 
. 17 
-17 
-17 

-18 
-17 
-16 
-18 
-17 

18 

-18 

. ia 

-1s 

-140 +551 
-140 +551 
-1% +537 
-123 +537 
-128 +a -m +4J3 

-145 +m 
-145 +384 
-146 +39l 
-146 +391 
-113 +a56 
-113 +386 
-113 +340 
-113 +340 

-148 +404 
-148 4-404 
-141 +KS 
-141 +KS 
-166 +392 
-180 +392 

. 1% 
-111 . 101 
-146 
-153 
-154 

-191 . 153 
-181 . 178 . 176 
-171 

-4c 
-11 
-17 
-13 
-18 

-3 

- 1 3  
-126 
-131 
-138 
-148 
-154 

-182 
-115 
-1m . 102 . 105 
-104 

-1Oa 
-85 

-103 
.-ga 

-145 
-149 

+26 
+28 
+3a 
+35 
+45 

-71 
-35 
-60 
-59 
-45 -n 
+85 
+85 
+79 
+69 
+69 
+76 
+’Is 
+88 

-29 
-36 
-34 
-34 
-34 
-38 

+m 

Oct . 25 ...... 
OCt.26 ...... .... do ...... 
OCt.27 ...... .... do ...... 
Dct.28 ...... .... do ...... 
OCt . 29 ...... 

313.08 
313.80 
313.82 
313.02 
403.95 
403.50 
404.06 
404 . 50 

850.305 
ge0.m 
980.297 
980.305 PRJ 880 . 300 

9 8 0 . m  
f0.001 

NW.1 ...... 
Nov.2 ...... .... d a ...... 
NW.8 ...... 
....do ....... 
Nov.4 ....... 

38852 
353.82 
367.64 
367.58 
38&92 

-11 
-11 
-11 
-11 
-11 
-11 

-9 
-9 
-9 
-9 
-9 
-9 

-12 
-12 . 12 
-12 
-12 
-12 

-8 
-8 
-8 
-8 
-8 
-3 

-8 
-8 
-8 
-8 
-8 
-8 

-8 
-8 
-8 
-8 
-8 
-8 

-10 
-10 
-10 
-10 
-10 
-10 

-9 
-9 
-9 
-9 
-9 
-9 

-8 
-8 
-8 
-8 
-8 
-8 
-8 
-8 

-9 
-9 
-9 
-9 
-9 
-9 

i 5004852 . 5001850 . m s 5 5  . 5009839 . 5001514 . 5Mwm 

. 5001578 . 5004570 . 5004581 . m556 . m 3  . 5008886 

. 5006782 . 5006889 . 50067M . 5006i06 . 5Gin943 . 5001947 

. 50%274 . M)o525R . Em5270 . 5005276 . 5004928 . 5004924 

. 50048(14 . 50047s . 5001788 . 5004794 . ma0 . 5006891 

. 5007140 . 5001124 . 5007139 . 5007132 . 5005392 . 5005378 

. 5005678 . Em567 1 . 5005659 . 54m5674 . 5005311 . 5o05;(30 

. 5ooSyll . 5oRf*oa . 5m5330 . Ea05325 . 50074% . 5007409 

. 5MnB17 . m m  . 5001980 . 5007899 . 5006149 . 5006148 . 5006142 . 5006144 

. 5006591 . 5008615 . 5008613 . 5008812 . m246 .ma% 

. 5004576 . 5004565 . 5001570 . 5001566 . 5006860 . 5006850 

. woG6gO . 5006724 . m w  . 5006714 . 5001921 . 5004967 

. 5005262 . 5005207 . 5005373 . iWM270 . 5004927 . 5m921 

. 5001770 . 5001616 . m 7 9 4  . m n 7  . M)o6ss2 . E4Hxsao 

. 500718 . 5001153 . 5Mnll9 . 5001153 . 5006374 . 5005395 

. 50056’11 . 5005676 . 5005863 . 5005686 . 5005323 . 5005320 

. 6005320 . 5005335 . 5005317 . 5005333 . 5001402 . 5oO7411 

. 5001934 . 5001574 . 50079CQ . ma87 . 5006132 . 5006163 . 5006135 . 5006155 

. 5o06801 . 6o08804 . 5M16609 . 5008616 . ma81 . m 2 4 7  

. 5004851 . 5004851 . 5004858 . 5004836 . 5004513 . m m  

. 5004574 . 5004568 . 5004578 . 5Ml4500 . 5006653 . 5006658 

. 5008711 . 5006706 . m 7 M I  . 5008718 . 5004931 . 5001957 

. mrm . 5lMl5262 . 5005372 . 5005273 . 5004926 . 5004923 

. 5004787 . 5001500 . 5001791 . 5004790 . 50(16670 . 5006888 

. 5007l24 . m 1 3 s  . 5001129 . 5007142 . 5005353 . 5005386 

. w 7 4  . m 7 4  . 5ML5681 . 5005870 . 5005317 . 50053s 

. 5005330 . 5005314 . m5324 . 5005329 . 5001404 . 5Mn410 

. 5€“826 . Em7886 . 5007895 . 5007893 . 5006140 . 5008156 . 5008138 . 5008150 

. 5008596 . 5MW610 . 5006611 . 5008814 . 5Mwas4 . woBa55 

980.765 
980.770 

980 . 767 

980.649 

980.606 

980.600 
Iwo .599 

980.487 
880.487 

980 . 494 
980.491 

m . 405 

980.489 f0.001 
980.496 
moa 494 

1 980.492 



?en- 
g 

A6 
A6 
A6 
A6 
A4 
A4 

A4 
A4 
A4 
A4 
A5 
A5 

A5 
A5 
A5 
A5 
A6 
A6 

A 6 D  
A6 
A6 
A6 
A4 
A4 

A4 
A4 
A5 
A5 
A6 
A6 

8 6  
B6 
B6 
B6 
B4 
3 4  
8 5  
3 5 D  

3 4  
B4 
B4 
B4 
8 5  
B5 

pad 
tion 

-- 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

Data. ChrO- 
nom- 
eter 
N J .  

Is!%. 

1916. 
Nov.7 ...... 
Nov. 8.. .... ..... do ._..... 
Nov. 9 ...... ..... do. ...... 
Nov.lO..... 

Nov. I2 ..... 
Nov. 13.. ... 
,._..do ...... 
Nov.14.. ... 
Nov.l+...  . ,_... do.. . ... 

6. 
361.25 
360.48 
359.98 
358-32 
275.64 
275.43 

287.14 
287.63 
287.96 
=44 
362.10 
361.31 

mm. 

58 
Bo 
64 
57 

ea 8. 

63.5lM6w 
.5006954 
.jM)6867 
.mQW 
.5o09083 

a5oo693o 

do 
61 

Bp 
62 
63 

.5008597 

.50M608 
63.5006583 

. m l 6  

.5Mw274 .mm 

Nov. 18.. . .. 
Nov. 19.. . . . .... do ...... 
NOV .m..... 
, . . . .do.. . . . . 
Nov.~~..... 

Nov. I.. . .. 
Nov.24.. ... 
NOV. %.... .... do.. .. . . 
Nov.26 ..... 
... ;do ..-... 

378.44 
378.86 
3ia28 
37a4a 
38%. 97 
390.08 

367.04 
36&96 

m m  
250.21 
279.43 

386.98 
62 
80 
61 
61 

Bo.5006m 
.5008822 
.5006821 
.5006836 
.sM#lScS 

63.5008963 

56 
57 

Bo 

1818 
.a07683 
.5007710 

56.5005918 
57.5005905 
59.5005564 

.5005614 

1917. 
Jan 15 ...... 
Jan. 16 ...... 
,_.. .do ...... 
Jan. 17 .._... 
.._..do ..._.. 
J a l S . . . . .  . 

1818 
325.88 
324.78 
4 ~ 9 4  
421.70 
449.62 
445.85 

1916. 
June&.... 
Jrme16.... . 
__..do ...... 
J-17. .... 
JunelQ... .. 
Junem.... . .... do ...... 
JUMP.... . 

1838 
337.11 
337.12 
337.44 
336.26 
287.40 
236.58 
323.51 
32818 

54 
56 
67 
58 
60 
61 
56 
57 

lees 
.5007427 .m7m 
.5007m 
.5007446 
.5008714 
.5008739 
.mZa .mm 

Bo 
61 

60 

1818 
68.5009958 
60.5009989 

.5o09970 

.5008988 
69.5oosea 

.mil 

July 19 ...... 
July=. .... .... do. ._... 
July2l...... 
.._.do ...... 
July!&!...... 

1818 
251.54 
250.78 
251.28 
250.80 
281.68 
281.07 

= 

Tm. 
TI%. 

- 
* C. 
!all 
20.38 
20.62 

21.88 
81. la 
11.88 
11.63 
11.28 
11.18 
11. a3 

15.72 
15.52 
15.27 
15.28 
15.57 
15.54 

16.78 
16.63 
16.58 
16. Bo 
16.82 
17.17 

840 
a 18 

ROB 

21. a8 

io. w 

aa4 

arm 
a 18 

21. 28 
lQwl !am 

72 
21.18 
21.28 
2L 12 

19. do 
19. $9 
19.48 
1s. 50 
19.10 
19.72 

m. 67 

Period eomreted. Total are. 
- 

Fi- 
MI. 

- 
Rim. 
1.8 
1.7 
1.8 
1.7 
1.6 
1.6 

2 2  
1.6 
1.7 
1.6 
1.7 
1.6 

1.6 
1.6 
1.7 
1.8 
1.6 
1.6 

1.6 
1.5 
1.6 
1.6 
1.8 
1.8 

L7 
1.8 
L7 
1.6 
1.4 
1.7 

2 0  
1.8 
2 0  
1.7 
1.8 
1.8 
1.7 
L8 

L 4  
1.9 
1.8 
1.9 
2 0  
1.9 

- 

Flpa 
ure. 

- 
-10 
-10 
-10 
-10 
-10 
-10 

-10 
-10 
-10 
-10 
-10 
-10 

-8 
-8 
-8 
-8 
-8 
-8 

-9 
-9 
-9 
-9 
-9 
-9 

- 10 
-10 
-10 
-10 
-10 
-10 

-13 
-13 - 13 
-13 - 13 - 13 
-13 
-13 

-10 
-10 
-10 - 10 
-10 - 10 

I- I- - 

Am. 

- 
-17 
-17 - 18 
-17 
-17 
-17 

-19 
-17 
-17 
-17 
-17 
-17 

-17 
-17 
-17 
-18 
-16 
-16 

-17 
-16 
-17 
-17 
-18 
-18 

-17 
-17 
-17 
-16 - 15 
-17 

-18 
-17 
-19 
-17 
-18 
-18 
-17 
-18 

-16 
-10 

-18 
-19 
-18 

-m 

- 

T m  

- 
-219 
-225 
-244 
-262 
-280 
-285 
t 132 
t l4l  
t 156 
t 160 
t 166 
t 169 
-30 
-22 
-11 
-12 

-23 
- 75 
-64 -ea 
-67 
-76 
-91 

t277 
t283 tw tm tm 
t- 

-282 
-247 
-239 
-23s 
-240 
-259 
-283 
-257 

-I= 
-188 
-188 - 189 - 197 
-188 

--a4 

- 

?res 
;nm 

- 
+4 
+1 
+6 
+ I  

0 
+7 

+5 
+4 
+3 +a 
+3 
+2 

+3 
+2 

0 
0 

+1 
0 

+4 
+a 
+3 
+3 +a 
+1 

+5 
+5 
+5 
+4 
+3 
+2 

t 10 
+9 
+7 
+6 
+4 
+3 
+';. 

+6 
+4 
+4 
+3 
+5 
+4 

- 
Chro- 

nometer 
NO. im 

6. 
15oOoaB9 
.5006298 
.5o08301 
.E406314 
.5aW30 
.5008436 
.5o05280 
.5oop1253 
.5o08220 . XWl72 
.5008653 
.5o08460 

. .5oa5876 

.50(35975 

.joQ5966 

.mm 

.5005619 

.5005612 

.5006156 

.m1Bo 

.5ooo153 

.5008150 

.5008273 

.501)8183 

1843 
.5007972 . m7956 
.5006105 
.5006192 
.5005857 
.5005874 

1888 
.saw21 
.50(16820 
.5008626 
. m 7 8 4  
.5005050 
.5cxm50 
.rnW 
.50M1950 

1849 
.5009984 
.5009965 
,5009978 
,5009958 
,5009877 
.5ow85 

- 

I d -  
tlal. 

- 
nm. 
7.7 
7.9 
7.9 
7.9 
so a i  

ao 

ao 

ao 
ao 

7.8 

7.9 
8.0 
7.8 

8 0  

a0 

7.8 
7.8 

7.9 

a0 
8.0 
6.0 

7.9 
7.8 
7.9 
7.7 
7.8 
a0 

7.7 
7.7 

7.8 
7.9 
8.1 

80 

a0 
a7 
8.0 

ao 
ao 

a i  

ao 

ai  

ao 
ao 

Rota. 
ChrO. 

eter 
No. 

1888. 

nom- 
- 
chm 
em 
No. 
1636 

nom. 

- 
tm 
4-462 taw tm 
t494 
t494 

tm tm 
t327 
t327 
t307 
t307 

t434 
t434 
t422 traz 
t442 
t442 

tw 
t464 
t400 tm 
t439 
t439 

1848 
t 159 
t 159 
t161 
t161 
t 156 
t 156 

1858 
t460 
t460 
t463 
t463 tm 
tm 
t522 
t5p 
1849 
+26 
+26 
+I9 
+I9 
+4l 
+41 

- 
chm 
UODI 
eter 
No. 

- 
-157 
-157 
-156 
-156 - 163 
-163 

-183 
-183 
-165 
-165 
-158 
-158 

-191 
-191 
-2ll 
-211 
-217 
- a 7  

-198 
-198 
-215 
-215 
-227 
-227 
1818 
t428 
t428 
t432 
t432 
t432 
t432 

18% 
-144 
-144 
-166 
-166 
-164 
-164 
-146 - 146 

1818 + 19 
+I9 
+8 
+8 +a +a 

ChrO- 
m e t m  
No. leQa 

-- I I- -- 
6. 

397.38 
397.55 
397.27 
m46 
a97.08 
2g6.82 

302.45 
303.40 
304.64 
306.43 
387.92 
387.47 

418 84 cia w) 
41% 56 
41% 54 
445.G 
446.02 

406.58 
406.34 
406.78 
407.03 
30270 
301. wi 

1848 
314.11 
314.74 
403.40 
a 2 3  
431.34 
42& I4 

1888 
366.99 
367. U3 
366.78 
369.02 
311.05 
310.85 
350.60 
m32 
1848 

251.10 
251.37 
251.10 
251.54 
aSa 15 
231.87 

6. 6. 
L5006531 0.5006539 
.5006536 .5008521 
.BOOR532 .Ea36542 
.5008548.5006536 
.5oQBBI6 .5008617 
.aKlm5.5o08025 

No.= 8acnrmcmto. w.: c. L. Qamep 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
I 
5 
6 

57 I .500873 No.S7 WfllIts calif. c. L.'Qw=.' 

No. 238, Eureka, Calif. 
C. L. QWW. 

No. ZN Basts Ross, 
c.IIl.,'c. L. Garnw. 

1818 1849 
.5008368 .Ems386 
.5008599 .tiNIB76 
.500(1614 .5008630 
.5WX635 .jooo631 
.50062&( .5008291 
.5oo83o9.5008383 

Wa&hgton D C., 
mt a n d ' d e t i c  
surveg om=, c. L. 
Q-. 

. . . . . . . . . . . . . . . . . . .- ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . - . . . . . . . . . ....... _. . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 

w.shington D. e:, 
Coest and'Qeodetic 
survey ornee. MU 
Stein'Liprg. . 

""""'I 1818 I842 
.5009764 .tj4W0777 
.5008795 . m 7 m  
.5009764 .5009761 
,5009762.5008763 
.5008893 .5008687 
.5008711 .50Cl8704 

m 5 3 2  I, No. 240, 8an Diego, 
M., Max atein- 
berl. 

979.53 



No. 241 Oceanside 
calif . . M ~ X  stein 
berg . 

July ?7 ...... 
July 28 ...... ..... do ....... 
July 29 ...... ..... do ....... 
July30 ...... ..... do ....... 
July31 ...... ..... do ....... 
Aug . 1 ....... 

No 242 Highland 
&if., 'Max stain: 
beg . 

a 2 . M  
31.M 
282.41 
?NU.3I 
B1.S 
28O.M 
287.24 
28tL03 

285.95 

No 244 LcmgBmch daur . . Max steln! 
b a  . 

-19 
-19 
-19 
-m 
-19 -m 
-20 
-18 
-19 
-18 

-17 
-21 -m 
-3 
-19 
-18 
-19 
-18 
-18 
-17 

-19 
-19 
-19 
-19 -m -m 
-XI 
-19 

-18 

-19 
-19 
-18 
-19 

-m 
-18 
-17 
-19 
-17 

-17 
-19 
-19 
-18 -m 
-18 

-18 
-18 
-19 
-19 
-18 
-19 

-m 

-m 

No . 246 Burbank. 
calif 'Max Stein- 
berg : ' 

-m 
-223 
-a4 
-240 
-2s -m 
-266 
-%4 
-265 
-%9 

-376 
-369 
-364 
-357 
-345 
-335 
-324 
-324 
-332 
-322 
-344 
-338 
-331 
-329 
-330 
-327 
-323 
-321 

-240 

-234 -a 
.-W 2 
-236 

-219 
-113 
-226 
-128 
-3W 
-300 
-3m 
-296 
-292 
-285 
-356 
-357 
-360 
-369 
-364 
-3N 

-236 

-217 

No 248 Y o j a v e  
& r . , ' ~ t u  stein! 
auk! . 

dug  . 3 ...... 
Aug . 4 ...... ..... do ....... 
Aug.5 ...... ..... do ....... 
bug . 6 ....... ..... do ....... 
A u ~  .. 7 ....... ..... d a ...... 
Aug.8 ....... 

I 
2 

4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

a 

274% 
274.18 
Z75.24 
275.00 
249.10 
241.81 
242.89 
242.08 
w2.58 
242.22 

Bt 
Bt 
BE 
B€ 
B4 
BI 
BI 
B4 
BI 
B4 

BI 
BI 
B4 
B4 
B5 
B5 
B5 
B5 

B5 
B5 
B5 
B5 
B6 
B6 

B6 
B6 
B4 
B4 
B4 
B4 

B4 
B4 
B4 
B4 
B5 
B5 

B5 
8 5  
8 5  
8 5  
B6 
BO 

B6 
B6 
B6 
B6 
8 4  
B4 

8 4  
B4 
B4 
84 
B5 
85 

AUg . 10 ...... 
Aug . 11 ...... ..... do ....... 
Aug . 12 ...... .... .do ....... 
Aug . 13 ...... ..... do ....... 
Aug . 14 ...... 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

246-74 

247.24 
U6.z 
276.80 
275.73 
277.39 
276.14 

Aug.-P ...... 
Aug . 24 ...... .... do ....... 
Aug.26 ..... .... .do ...... 
Aug .26 ..... 

2!)2.m 
291.77 
254.43 
253.72 
254.72 
254.66 

Sept.12 ..... 
Sept . 13 ..... .... do ....... 
Sept . 11 ..... ... .do ....... 
Gept.15 ..... 

m53 
271.60 
272.76 
271.96 
239.14 
238.14 

AUK.* ...... 249.76 

__._do. ...... 
Aun.31. ..... a 
AUg.30 ...... 248.90 

-19 
-18 
-17 

-18 
-20 
-19 
-19 
-19 
-19 

...... 

.. -1266.54 

-375 
-385 
-396 

-443 
-453 
-455 
-450 
-442 
-436 

Sept.20 ..... 
Sept . 21 ..... .. ..d 0. ...... 
Sept . 22.-. .. .... do ....... 
Eapt . 23 ..... 

246.63 
246.02 
246.66 
246.19 
276.B 
275.91 

277.16 

277.98 
w3 . 88 
24400 
244.51 

244.48 wc 53 
248.25 
246.27 
246.62 
246.la 
277.60 
277.85 
277.78 
277.78 

2% . n 
285.93 
286.09 
285.88 
292.40 
292.62 

291.83 
281.83 
254.52 
254.88 
254.74 
255.08 

251.15 
w) . 90 
251.42 
251.24 

281.76 

289.84 
270.40 
270.32 
269 . 90 
275.77 
275.78 

n8 . ls 
279.68 
180.82 
m . 08 
245.28 
244.72 

149.44 
149.10 
249.15 
149 . 12 
179.40 
179.15 

-217.30 na io 

BM . it- 

zsi . ia 

a: 
a: 
a: 
a: 
a2 
at ai ai ai 
ai 
ae 
a4 
aa a3 ai a3 
as 
6.1 
so 

a3 a3 
a4 
ae a5 
a 4  

a4 a5 
a d  
a 3  a4 

a5 a5 a i  a i  
a i  
a i  
a 4  

a i  
a 4  

a2 a i  
a 4  
a 3  
a2 
a2 
a2 
a5 
a3 
a 4  

a i  
a2 
a 3  
a 4  

a4 

& I  

8.1 

ad 

8.4 

6.2 

8.2 

8.5 

8.3 

8.2 
8.6 

1.1 
1.1 
1 . 1 
1 . 
1 . I  
2 . ( 
1 . 1 
1 . 8 
1 . t 
1.8 

1 . f 
2 .E 
1.8 

1 . e  
1.8 
1 . e  
1.1 
1.1 

LB 

1.0 

1.8 
1.8 
1.8 

1.1 
1.9 

1 . 8 
1.7 
1.8 

1.8 
1.9 

1.7 
1.8 
1.7 

1.7 
1.9 
1.8 
1.9 
1.8 
1.7 

1.7 
1.8 
1.8 
1.9 
1.7 
1.9 

1.7 
1.9 
1.7 
1.9 
1.6 
1.7 

1.7 
1.9 
1.8 
1.9 
1.7 
1.8 

2 .a 
1 . a  

1 . a  
1 . a  
1 .a  

1 .a 

1 .a 

23.98 
23.81 
23 . 68 
P . 51 
P . 24 
22.99 
22.73 
2288 
22.93 
a68 

23.20 
23.07 
22.90 
22.84 
22.67 
22.70 
22.66 

zz . m 

a0 . 74 
m . IN m . 58 
m . 68 
m . 79 
m . 88 
20.12 m . w 
20.31 
20 . 40 
20.40 
#). 38 

22.34 
22.30 
22.17 
22.11 
21.96 

23.49 
23.52 
23.58 
23.67 
23.69 
a59 

23.89 

as . 96 
24.19 
a4.45 

25.58 
15.81 
185 
35.75 
25.55 
15.46 

a i  . 81 

23 . m 
23 . m 

80 
61 
62 
55 
56 
58 
62 
63 
63 
63 

65 
66 
67 
57 
69 
62 
62 
62 
62 
62 
62 
64 
65 
65 
58 
62 
63 
65 
59 
59 
59 
59 
56 
67 

63 
64 
Bo 
62 
62 
62 

62 
63 
63 
63 
62 
64 

63 
67 
58 
61 
62 
54 

58 
58 
58 
59 
Bo 
65 

61 
62 
63 
63 
Bo 
63 

. m 1 3 2  . m 1 3 4  . 500910(1 . m 1 0 8  . 5010318 . 501M61 . 5010314 . 5010349 . 5010321 . 5olo342 

. 5010153 

. 5010132 . 5010173 . 5o09048 . 5009083 . 5o09030 . -70 

. m 5  . mm . m 7 6 7  . 5006783 . m588 . 6008810 

. 5oW550 . 5008583 . 5009&L5 . 5009873 . 5ooBR34 . 5 m m 7  

. 501o030 . 501006rl . 5010019 . 501W8 . 5008833 . bwm3 

. 5oowoB . 500941 . 5ooB397 . 5008421 . mm . m m  

. m180 . 5009332 . 5009182 . 5008210 . M110476 . 501oj20 

. 5010182 . 5010158 

.50 10175 . 5o09086 . 5oown8 

. 50101711 

. 6010157 

. 5008811 . mw! 

. 5owE . 5oo903-i . 5009008 

. 5010271 . 5010261 . 501024 . 5010280 . 5010348 . 5 0 1 w  

. 501m . 5 0 1 m  . 5010076 . 5010094 . 5Mwo22 . 5o090#1 . 5009017 . 5oOw)l'l 

. 50011165 . 5GQ67a . m 7 5 4  . m 7 6 1  

..sow64 . 5m655a 

. 5008581 . 5008581 . m f f l 1  
5009828 
5009833 
5oO9620 
5009974 
5mW 
mu963 

I 5009971 . 5008581 
5008888 
m!B2 
5009268 
5009266 
5o09280 
5009082 
5Oo9082 

mm83 
5008955 
6008818 

5010313 
5010331 

5 0 1 m  
5010058 
5010054 
5010055 
5oom4 
5008912 

. m i a  

m a  

+1 
+ 3  
+2 
+9 
+9 
+8 

+ I  
+1 
+I 

0 
+8 
+8 
+7 
+6 
+3 
+3 
+3 
+3 +a 
+3 
+1 

0 
0 

+6 
+3 
+a 

0 

+5 
+5 
+5 
+5 
+8 
+7 

+1 
0 

+4 
+a 
+a 
+2 

+3 
+2 
+2 
+2 
+2 
+1 

+2 
-2 
+8 
+4 
+3 

I- 10 

+6 
+6 
+6 
+6 
+5 

0 

+1 
+3 +a 
+a 
+5 
+2 

+a 

-m 
-26 
-26 
-26 
-20 

-45 
-45 
-45 
-4b 

-101 
-101 
-75 
-75 
-75 
-75 
-75 
-75 
-69 
-69 

-68 
-68 
-67 
-57 
-50 
-50 
-50 
-50 

-55 
-b5 
-35 
-35 
-Bo 
-Bo 

-33 
-33 
-47 
-47 
-36 
-36 

-96 
-96 
-79 
-79 
-69 
-89 

-167 
-167 
-151 
-151 
-148 
-148 

-160 
-160 
-141 
-111 
-147 
-147 

-9Q 
-99 
-88 
-88 
-90 
-90 

-m 

+as + L% + 26 
+26 
+34 
+34 

+28 
+28 
+28 

-2 
-2 

+11 
+11 
+11 
+11 
+11 
+ll 
+!a 

+7 
+7 
+9 
+9 

-11 
-11 
-11 
-11 

-32 
-32 . 17 
-17 
-23 
-P 
-46 
-48 
-23 
-23 

-27 

-2s . 28 
-14 
-14 
-33 
-33 

-9 

. 16 
-16 
.-P 
-23 

+79 
+79 
-122 
-1% 
;lTl 
1.127 

+22 
+22 
+20 
+a0 + 14 + 14 

+m 

+m 

-n 

-m 

-12 
-12 
-12 
-12 
-12 
-12 
-12 
-12 
-12 
-12 

-11 
-11 
-11 
-11 
-11 
-11 
-11 
-11 
-11 
-11 

-12 
-12 
-12 . 12 
-12 
-12 
-12 
-12 

. 10 . 10 
-10 
-10 
-10 . 10 

-10 
-10 
-10 
-10 
-10 . 10 

-11 
-11 
-11 
-11 
-11 
-11 

-13 
-13 . 13 . 1s 
-13 
-13 

-17 
-17 
. 17 
-17 
-17 
-17 

. 11 
-11 
-11 
-11 
-11 
-11 

. 5009712 . m 7 4 0  . 5009713 . 5009756 . 5006643 . m 7 7  . 5008627 . 5aw38 

. 5005271 . 5o05301 . 5009551 . 5009575 . m 5  . m550 

. 5o09601 . 5008634 . 5009812 . 5009w . 5008523 . 5008551 

. 5am57 . Ems674 . am3Wa . ms79 . 500.5666 . m 7 3  

. Em3629 . 5ooB(LiB 
* 5008843 . 5008884 . 5OOD914 . 5008943 

. 5Gos6m . 5008637 . 5008630 . 5ooR6u) . 5ooo913 . 5009917 . 5oOwM . 5009915 . 5O09908 . 5009918 

. 50097% . mi9729 . 5008723 . 5009743 . 5008655 . 5008653 . 5008653 . 500965L 

. 5008470 . 5Oll3466 . msI79 . 5KM82 . 5008279 . 5(308275 

. 5008287 . 5008m . 50095'11 . 5009554 . .soo9bs . 5009542 

. 5009813 . m n  . 5008621 . 5009633 . 5008533 . mw1 

. 5008877 . 5oOs853 . m(J865 . 500173 . 5oos667 . 5008677 

. 5008681 . 5008831 . 5oosBaa . 5008658 . cicmt2s . 5009934 

. 5m9598 . 5Qo9591 . 5009581 . 5008597 . 5008511 
-5on8520 

. My)8828 . 5oopg38 . 5008694 . 5008648 

. 5009921 . 5009888 . 5cCwfi . 5Lwm4 . 5009922 

. 5009734 . 5009718 . 5009760 . 5008618 . 5oopB65 . m%a . 5008661 

. 5oop4&1 . m q 7 4  . 5008916 . 5OML164 . WE3972 . 5oopa83 

. m m  . 5009298 . 5009561 . 5Mx)584 . .500851 9 . 50095L6 

. .5Ooa807 . 5009628 . .50096 16 . 5@0!%38 . 5o(w526 . 500%548 

. 5008867 . 5008881 . ms864 . 5008876 . 5 0 0 .  . m 7 5  

. 5oo(uu5 . m 5  . mlw12 . 5008662 . 5o09920 . 5009938 

. 5009593 . 5009600 . 5009588 . m M  . 5oo8510 . !KO8521 

. 5009808 

. mia 

979.480 
979.476 
979.477 
979.1'18 
979.478 
979.473 
979.462 
!X% 47b 
979.479 
979.47a 

979.562 
979.546 

979.640 
979.547 
979 . 640 
979.550 
979. b42 

979.619 
979.615 
979.614 
979.611 
979.619 
979.615 

979.616 
979.610 
979.613 
979.612 
979.618 
979.619 

979.595 
979.587 
979.592 
979.583 
979.594 
979.587 

9 79. rlsl 
979.462 
979.462 
979.456 
979.465 
979.462 

979.47a 
979.473 
979.474 
819.467 
979.473 
818.460 

979.598 
979.803 
ma37 
818 . Bo1 
979. bm 

979. s a  

em . 601 

979 . w8 
*ami 

97B. 476 
*am 

979 . w 
fa OOL 

979.616 
.*ami 

979.615 
* o  .001 

979 . WJ 
*O.oOl 

979.462 fami 

01R 471 
*am 

979.m +am 



Date. Chro- 
nom- 
etw 
No. iaia 

?res- 
lure. 

+8 
+e 
+6 
+5 
+3 

0 

+5 
+5 
+5 
+5 
+1 

0 

+a 
+!a 
+1 

0 
0 

-3 
+4 
+1 
+8 
+7 

+4 
+4 
+3 
+3 
+6 
+6 

0 
-2 
+3 +a 
+5 

+4 
+4 

+I 

- 
Chm 
nom. 
eter 
No. m a  

-- 
-79 
-79 
-45 
-45 
-63 
-63 

-24 
-21 
-32 

-16 
-16 

-19 
-19 
-26 
-25 
--I 
-22 
-46 
-46 
-24 
-24 

-21 
-21 
-18 
-18 
-34 
-34 

+m 
+258 
+a58 
+a50 
4-248 

+246 
+a46 

-3a 

+%a 

- 
? h r ~ -  
lorn- 
eter 
NO. 
,815. 

+6 
+6 

0 
0 

-27 
-27 

+8 
+8 
-1 
-1 

-18 
-18 

+l2 
+l2 
+19 
+I9 
+M 
4-22 
-1 
-1 
+5 
+5 

+9 
+9 

+I6 
+l6  
+l2 
+I2 

+25 
+25 
+13 
+13 
4-27 
4-27 
+24 
+24 

+46 
+46 
+47 
+47 
+53 
+I 

Flex. 
ure. 

-- 
-9 
-9 
-6 
-9 
-9 
-9 

-11 
-11 
-11 
-11 
-11 
-11 

-16 
-16 
-16 
-16 
-16 
-16 
-16 
-16 
-16 
-16 

-10 
-10 
-10 
-10 
-10 
-10 

-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 

-6 
-6 
-6 
-6 
-6 
-6 

1916. 
8ept.26 _.... 
8ept.27 ____. 
. . ... do.. _ _  . . . 
Gept. S... . 
..__.do _..._.. 
Sept. 29.. _ _  

8. 
281.62 
283.00 
284.61 
284.25 
290.86 
290. 12 

1 
2 
3 
4 
5 

2 
3 
4 

6 

8 5  
8 5  
8 5  
8 5  
8 6  

6 8 6  

1 8 6  
8 6  
8 6  
8 6  

5 8 4  
8 4  

Oct. 2 .._.._. 
Oct. 3 ....__. ..... do ..__. . . 
Oct.4 .._.___ ..... do .._____ 
Oct. 5 _._.___ 

304.60 
301.14 
300.32 
305.34 
265.04 
204.05 

Oct. 9.. . . . . . 
Oct. 10 _._... ...-. do .... . . . 
Oct. 11 ...... 
..__.do ....._. 
Oct. 12 .... _. . . . ..do ..._ _. . 
013.13 ..._.. 
._._.do _.._._. 
oct. 14 ...__. 

271.38 
270.72 
269.98 
289.04 
303.97 
3M.96 
308.90 
309.85 
258.38 
~ a 3 z  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

8 4  
B4 
8 4  
8 4  
8 5  
8 5  
8 6  
8 6  
384 
8 4  

1 
2 
3 
4 
5 
6 

8 5  
8 5  
B5 
8 5  
8 6  
8 6  

Oct. 17 .__... 
OCt. 18 ... _. . 
.___.do .._.__. 
Oct. 19 ... . _ _  
.____do ...._.. 
Oct. 20 .___. . 

311.49 
310.46 
311.52 
310.88 
319.80 
317.86 

1 
2 
3 
4 
5 
6 
7 
8 

8 6  
8 6  
8 6  
8 6  
8 4  
8 4  
8 4  
B4 

oct.23 ...._. 
Oct. 24.. . . . . 
, . . . .do.. . . . . . 
Oct. 25 ..._. . 
, . . . .do .._. -. . 
Oct.26 _..... ._... do ....... 
Oct. 27 ...... 

341.34 
340.04 
342 08 
340.61 
291.44 
289.82 
291.59 
289.54 

1 
2 
3 
4 
5 
6 

8 4  
8 4  
8 4  
8 4  
8 5  
8 5  

Oct. 31.. . -. . 
Nov. 1 __..__ 
._._.do _._..._ 
Nw.2 .__... ...;. do ....._. 
N w . 3  ......_ 

285.34 
283.58 
264.83 
283.48 
324.13 
m.13 

- - 

we. 

- 
nm. 

58 
58 
58 
59 
61 
64 

58 
58 
58 
58 
e3 
63 

61 
61 
62 
63 
63 
67 
60 
63 
55 
56 

59 
59 
60 
60 
57 
57 

63 
65 
60 
Bo 
56 
59 
59 
59 

61 
61 
61 
61 
60 
61 

- - 

08i 
011, 

- 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D/ 

- 
correetiom (seventh decimal place). l l  Period corrected. Coincidence I Interval. Period uneorreeted. Total arc. 

- 

Fi- 
Wl. 

- 
nm. 
1.7 
1.8 
1.8 
1.9 
1.7 
1.7 

1.7 
1.8 
1.7 
2.0 
1.6 
1.7 

1.6 
1.5 
1.6 
1.6 
1.8 
1.6 
2.4 
1.8 
2. 0 
1.8 

1.9 
1.8 
1.8 
1.8 
1.9 
1.8 

1.8 
1.8 
1.9 
1.7 
1.8 
1.8 

1.8 
1.8 
1.8 
2.0 

1.9 

1. a 

1. a 

1. a 

- 
ChrO- 
nometer 
No. lS42 

- 
1. A43 
.jOog130 
.am758 
.a33762 
.5m583 
.5oow588 
.5005192 
.5OoI1194 
.5M)814l 
.5008110 
.m72 
.m72 

.5ooBaM 

.5006214 

.5009243 

.5008358 

.5008199 . m188 

.5o08036 

. m 4  

.5009a(n 

.5o0930( 

.5008Ma 

.5008030 

.5008013 

.5008015 

.ELM37812 

.ELM37811 

.ELM37577 

.ELM37584 

.m5so 

. m 5 7 8  

.5oowo 

.50088(8 

.5ow38 

.5008842 

.5009013 

.5cmoZl 

.5009004 

.5cmoZ4 

.5001946 

.soo7942 

l- - 

[ni- 
;id. 

- 
nm. 
8. 2 
8.4 
8. 4 
a 3  
a 3  
a 3  

a 4  

ao 

a2 

a2 
a2 
a 5  

a2 
a2 

a 3  
a5 
a5 
az 
a5 

a2 
a4 
a2 
ao 
ao 
aa 
aa 
a 4  
a 4  
a 4  
a 4  
a 5  

8. 2 
8.3 
8.2 

a0 

8.3  

8.5 
8.1 
8.6 

8.3 

8.2 

8.6 

- 

Arc. 

- 
-18 
-19 
-19 
-20 
-18 
-18 

-18 
-19 
-18 
-20 
-17 
-17 

-18 - 17 
-18 
-18 
-20 - 19 
-21 
-20 
-30 
-19 

-19 
-20 
-19 

-19 
-20 

-19 
-19 
-19 - 19 
-17 
-18 
-18 
-19 

-18 
-19 
-19 
-20 
-20 
4 

-30 

- 

rem 
)er& 
rum. 

- 

-207 -m -m 
-206 
-!a4 
-204 

-75 
-58 
-41 
-3E 
-39 
-39 

-13 
-16 
-34 
-45 
-57 - 51 
-72 
-72 
-70 
-67 

+31 
+a5 +a 
+34 
+45 
+44 

+1 
+4 

+10 
+I1 
+la 

+2 

-49 
-50 
-53 
-54 -sa 
-67 

+14 
+14 

I Rate. I 
BbUm and obscaver chr* 

nom- 
eter 
No. 

1842. 

ChO. 
nometer 
No. l848 

Chm 
nometer 
No. 1818 

-- 

8. 
.m84 
.50012542 
.5008527 
.5008538 
. m 1 9  
.5008338 

.5o08098 

. m 1 2 8  

.5W?Q78 

. m 1 0 5  

.wo9388 

. m w  

I- 
8. 

I. 5lW523 
.ma507 
.5008530 
.5008533 
. m 2 8  
.5o08330 

.5008101 

. m 1 1 9  

. m a n 5  . m 1 w  

.Xm388 

.5Gu9387 

.5008174 

.5009179 

.5009195 . m 1 9 8  . m 1 2 s  

.5008121 

.5007930 

.500i936 

.5009211 

. m 1 4  

a. 
288.42 
288.87 
2%. 98 

291.77 
291.60 

305.68 
305.60 
301.61 
308.50 
285.42 
264.44 

272.05 
271.82 
270.98 
270.53 
305.41 
305.84 
311.59 
311.30 
269.13 
288.21 

312.14 
311.88 
312.48 
312.43 
a50 
330.50 

330.45 
330.16 
330.32 
330.38 
283.30 
283.38 
as. 36 
2s. 23 

277.88 
277.64 

277.54 
315.13 
315.30 

2 s .  a 

278 14 

@ C. 
19.94 
19.94 
19.92 
19.90 
19.88 
19.88 

16.78 
16.39 
15.98 
15.80 
15.92 
15.92 

15.32 
15.38 
15.88 
16.01 
16. 36 
16.21 
16.73 
16.71 
16. e4 
16. Bo 

14.27 
14:40 
1 4 . B  
14.18 
13.m 
19.96 
14.98 
14.90 
14.77 
14.74 
14.68 
14.67 
14. BB 
14.95 

16.16 
16. 20 
16.28 
16. 28 
16.39 
16.37 

8. 
Lwo8199 
.5o08850 
.5Wm 
. m 1 0  . m 1 0  
.5008832 

.5008321 

.5008333 

.5005175 

.5Ws201 

.5009450 

.m88 

.5oou!m 

.500925a 

.5009377 

. m 1 0  

.5008238 

.5oB!m 

.5008080 

.5o08082 

.5008333 

.5009334 

.5o08039 

.5mw65 

.5o08038 

.5o08058 

.5001834 

.mw 

.&lo7335 

.m363 . wO1319 

. m 3 5 1  

.6008583 
i -41 
.5MKL588 
.sl0&49 

. m 7 m  

.5008833 

.5008793 

.wo8835 . m s  . boon49 

Dunes. 

979.590 
*a. 001 

Dvne.?. 
979.801 
979.595 

979.599 
979.595 

.5008100 979.858 

.5008122 979.678 

.50(18378 . 7 9 5  979.6s 979.679 

No. 252 A*, Wit., 
Max Sternberg. 

979.766 (Reject.) 
979.762 979.759 (Reject.) 

1 
979.73 

979.752 

979.749 

.5008170 

.5009182 

.5009190 

.5oo9ao3 

.5008128 . =I24 . m 9 3 0  . m 9 3 2  

.5009212 

.5009214 

.5o08024 

.5oO8043 

.5008026 

.5008M5 

.5007822 

.5007868 

. ELM37566 

.ax7595 

.500756a 

.5007595 

.5m835 

.5MwsBa 

.5008826 

.5008875 

.5o08037 

.5o08038 

.5008035 

.5008038 

.5007&16 

.ma3 

.5001577 

.5007585 

.5007580 

.5uo7579 

.5008861 

.5008858 

.5008854 

.5008&46 

No 2 s  h n  Lucaa 
&if.; k stein! 
bms. 

NO. W Mmterey wit, 'k staiu! 
b.3.  979.8% 

979. s92 

979. 

879.887 

.W8970 979.845 979.@7 

.mmKI 979.834 f0.001 

.5008918 979.843 

.moo4 979.832 

.ELM37911 979.s5  

. m 2 1  q79.632 I 



D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

,P 

Nw.  14... .. 
Nov .l5..... ._... do. .. ._. 
Nov. 16.. .__ . . . . .do.. . . . . 
NW.17. .... 

327.14 
32i. 00 
338 31 
328 38 
335.95 
335.73 
335.80 
334. pa 

349.89 
349.49 
345.63 
350.28 
7.97.16 ass. 21 

305.01 
305.90 
305.73 
a44 
352 gs 
351.66 

358.15 
354.89 
351.56 
352 66 
361. i9 
362.34 
364.16 
368.70 

317.81 
319.39 
869.28 
369.95 
390.15 
378.90 
378.34 
3i7.17 
376.10 
375.83 

315.48 
319.41 
3m. 16 
320.58 
368.86 
370. Ca 
371.28 
371.50 
i332.74 
382.50 
381.96 
381.10 
332.70 
333.51 
333.69 
333.22 
281.87 
280.94 

282 40 
319.09 
319.68 
320 .8  
319.51 

mi. 8rl 

363.44 
362% 
363. Oa 
365.00 
307.88 
307.47 

Nov. 19 ...._. 
Nov. 20.. . . . .. . . .do.. . _. . 
Nov. 21. ._. . . . . . .do. . . . . . 
Nov. 22.. . . . 

315.18 
315.93 
317.90 
317.73 
368 78 
886.16 

Feb.%.... . 
Ildar.l.._.... ..... do.. . . -. 
Yar.2 ....... ...._ do.. . ... 
Yar.3 ....... ..... do.. -. .. 
Yar.4 ....... 
..:..do.. . ._. 
Mar.5 ....... 
, .... do.. . . . . 
W . 6  ....... 
Yar.8 ....... 
Ildar.9 __..._. .__.. d a  ...._. 
Mar.10 --.... 
&.la ___... 
Mar.13 .__... .... do _...... 
Mar.14 ...... .... do ....._. 
Mar. 15 _..... 
___.do .....__ 
Ym. 16 ...... 

m8.l 
330.82 
333.66 
333.31 
881.71 
381.34 
390.14 
388.75 
402.W 
400.56 
401.82 
898.88 
339.78 
335.53 
w.79 
387.60 
184.82 
883.68 
288.25 
285.93 
328.49 
'325.21 
328.23 
323.57 

. 5 m m  

.5007614 

.5007605 

.50076oa 

.5007421 

.5007417 

.5007404 . m 4 2 a  

.5Ooim 

.5007615 

.500759s 

.500i609 

.500iW 

.5m7430 

.5007404 

.5007423 

.5007430 . m i 4 2 4  

.5007438 .5mm 

.5Mlsil4 

. 5 m  

.5ooS518 

. 5 m 0 4  

. 5 m 1 3  

.5oos505 

.5007420 

.5007439 

.5001370 

.5007414 

.5no7398 
-5C023i5 
.5@/= 
.5007198 
.5007232 
.5007174, 

.5008aSZ 

.5006300 

.5007206 

.5OO7211 

.5005010 

.5ma35 

.5007006 

. m m 4  . W 0 1 6  

.5005MS 

.5wz79 

.5008282 

.5008231 

.500829@ 

.500'1268 

.5007276 

.5007292 

.511G'055 

.5007064 

.5007046 

.5@G7018 

.5007066 

.5007044 . m m 9  . m 7 4  

.50082911 

.5008264 

.5008297 

.5(107257 

.5007268 

.5007251 . sMy12iJ 

. 5 m m  

.mom 

-18 46 +4 +256 
-19 4 0  +4 +W 
-18 -41 +4 +% 
-19 -40 +3 +a64 
-19 -52 +2 +u6 
-19 -80 +2 +u8 
-19 -64 +2 +245 
-19 -68 +a +!a5 

+3a 
+35 
+43 
+43 
+47 + 47 
+39 
+39 

8 5  
8 5  
8 5  
8 5  
8 6  
8 6  
8 6  
8 6  

8 6  
8 6  
8 6  
8 6  
8 4  
8 4  

8 4  
B4 
8 4  
8 4  
8 5  
8 5  

8 5  
8 5  
8 5  
8 5  
8 6  
8 6  
8 6  
B6 

81 
8 4  
8 5  
85 
8 8  
8 6  
8 6  
8 6  
8 6  
Be 
8 4  
8 4  
B .I 
8 4  
8 5  
8 5  
8 5  
8 5  
8 6  
8 6  
8 6  
B 6  
8 6  
8 6  
8 6  

8 4  
8 4  
334 
81 
8 5  
B5 
8 5  
8 5  

8ti 

Nov.6 ...... 333. 
NOv.7 ...._.. I ~~- 

3. 

a 4  

a2 

a 4  

a 3  
a2 

a 4  

a 4  

a 3  

a 3  

a6 

a i  
az 
a2 

8. 2 

8. 3 

8.2 

7.1 

8.6 

8. 1 
8. 2 

8.4 

a 3  
8.4 

8.3 
8.2 

8. 2 
a3 

7.6 
8.0 
7.8 
7.8 
7.9 ai 
so a i  
ao 
7.8 

7.8 
8.0 
8.0 
8.0 
8. 2 

8.1 
a 3  
8.0 
8.0 
8. 2 
8. 2 
8. 3 
8. 3 
8. 2 
8.2 
8.0 
8. 0 

7.8 

8.2 

.a o 

ao 
a3 

a4 
aa 

L 7  
1.8 
1.7 
1.9 
1.8 
1.9 
1.8 
1.9 

1.6 
1.8 
1.8 
1.9 
1.6 
1.8 

1.9 
1.8 
1.8 
2.0 
1.7 
1.8 

1.8 
1.8 
1.8 
1.9 
I. 8 
1.8 
1.8 
1.8 

1.6 
1.8 
1.8 
1.7 
1.6 
1.4 
1.6 
1.0 
1.0 
1.7 

1.7 
1.7 
1.8 
1.8 
1.7 
1.7 
1. 9 
1.7 
1.8 
1.6 
1.7 
1.0 
2.0 
1.9 
1.9 
1.9 
2.0 
2 0  
2.0 
1.8 
1.8 
1.6 
2. 0 
1.8 

l6.51 
10.34 
15.81 
I5.95 
18.25 
16.43 
le.. 53 
le.. 82 

9.83 

lo. 47 

9.89 

9.74 
9.48 
9.08 
9.06 
8.96 
9.67 

7.63 

10.16 
lo. 24 
9.63 
9. Bo 
9.39 

ia as 
10.32 

io. 03 

an 

aa 

8.33 
8.05 
7.88 
7.80 
7.74 
7.85 

9.03 
9.38 

9.81 
7.46 
6.75 
6.44 
6.39 
6. 05 
6.78 
5.02 
5.76 
5.85 
5.85 
6.00 

28.69 
26.67 
28.74 
26.91 m. 81 
8102 
a1.98 
s1.05 
10.27 
so. 19 ao. 48 
90.88 

aoo 
a 37 

59 
59 
69 
60 
01 
61 
61 
61 

80 
61 
62 
62 
80 
62 

61 
64 
56 
57 
59 
62 

59 
61 
64 
66 
58 
61 
61 
82 

59 
w) 
59 
61 
62 
73 
63 
58 
59 
68 

63 
63 
8il 
63 
64  
06 
60 
61 
60 
8a 
66 
67 
57 
57 
60 
69 
58 
0 
82 
66 
68 
14 
60 
66 

96 No 256 Pslo Alto 
&if.,'afax steinl 
beg. 

1 
2 
3 
4 
5 
6 
7 
8 

1 

3 
4 
5 
6 

1 

3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

13 
14 
15 
16 
17 
18 
19 
a0 
21 
22 
22 
24 

a 

a 

ia 

..._. do ....... 345.32 
Nov. 10 .....I 344.28 

.5007440 

.5007m 

.5007436 

. 5 m m  

.5m?5 

.5008686 

.5008520 

.5008504 

.5008518 
.500849!3 
.5007431 
.5OOi430 

.5aR387 

.5001398 

.5007392 

.5007366 

.5007217 

.5ooi197 

.5OO72!33 

.5007180 

.5008a92 

.5008%8 

.5007214 

.5007m 

.500701R 

.5ooiM7 

.5007015 

.5005025 .mw 

.5007017 

.5Owm 

.5OM72 

.5008285 

.5008295 

.50W268 

.5007261 

.5007ZE3 

.5007m1 

.5007WO . m a 5 9  

.5007055 

.5007063 

.5007060 

.mo58 

.50n7nSO 

.5007064 

.5008276 

.5005285 

.50082i1 

.5008290 

.5ooma4 

.5007261 . m e 7  

.5CG%2 

-14 +217 +2 +348 +89 -9 -5001432 
-19 +195 +1 +348 +s -9 .5007427 
-20 +190 +1 +353 +93 -9 .5007441 
-19 +196 0 +3P3 +93 -9 .5007410 
-17 +214 +2 +m +lo8 -9 .5005702 
-19 +208 0 +379 +lo8 -9 .5M)Bim 

- 19 - 19 - 19 
-a0 - 18 

- 18 - 19 - 19 - 19 - 19 - 19 
-19 - 19 

-16 
-18 - 17 
-17 - 17 - 16 - 17 

-17 
-17 

-m 

-17 

+379 +I17 
~ +379 +117 
, +m +lo2 

+4m +1m 
+393 +lo6 

1 +363 +lo9 

-9 
-9 
-9 
-9 
-9 
-9 

+all 
+ a 1  
+248 
+!u9 
+a53 

1 +a 

1 +1 
-2 
+e 
+5 
+3 

0 

+3 +375 
+1 +a75 
-2 +371 
-3 +371 
+4 +371 
+1 +371 
+1 +637 

0 +437 

+110 -11 
+110 -11 
+99 -11 
+69 -11 
+99 -11 +a -11 

+146 -11 
+145 -11 

No. 259. Dunrans 
Nib Callf.. Max 
steinberg. 

+3l3 +m +m3 + 199 += +an  
*215 
+a75 

.ma77 

.mom4 

.m779 

. m 7 6 7  

.5006585 
,5006601 
.5(308617 
.5006637 
.5008656 
.WoBBGl 
.50019m . msto 
.mln&?l . m 8 l o  
.5008785 
.5006766 . m 7 4 3  
.Em6738 

.5ooBM4 

.5ooa551 

.5oo(L589 

.mm 

.5o01508 . m m  . m 5 1 4  
,5008885 
.5om15 
.6Om86 
.50(18868 

.ma32 .mm 

.boo7837 

.500851o 

. mm 

+a +I59 
+428 +I59 
+432 f161 
+432 +161 , +432 +156 
+432 +I58 
+m +I33 
+m +I33 +a +la +am +144 

Washington D. C., 
Coast and 'Geodet.ir 
Survey 05m, Max 
Steinberg. 

+3 
+2 
+3 

-11 
-1 
+4 
+3 
+4 

+A 
. . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . 
. . . . . - . . . . . . . . . . . . 
....... _. 
. . . . . . . . . . . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . - . . . . . . . . . -. . . . . . . . -. . . . . -. . . . . . . . . . -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . -. . -. . . 

.5lm269 

.5008aSl .m 

.5008ag6 

.5001256 

.50137271 

.5007269 .mm 

.5007050 

.50mM)9 

.5001037 

.5007078 

.5007035 

. m m 7  

.5007029 

.5007094 

. m 1 .  

.5008800 

.5008257 

.m04 

.5007150 . mn7 

. m 1  . ma5 

-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-a 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 

DO). . . -. . . . . . . . . 
-18 +380 
-17 +374 
-19 +406 
-18 +413 
-18 +38rl 
-16 +380 
-18. +380 
-17 +874 
-20 -4w 
-20 -484 
-19 -488 
-19 -494 
-19 -746 
-19 -755 
-19 -710 
-17 -672 
-19 -086 
-17 -635 
-20 -647 
-19 -603 
ironie pendulums. A similar serigs of observations was d e  for the three A bromo 
as oeeapied af ta  this data. (See p. i 6  of Special PubliFtion No. 89.) The standwdizatim 
I observatims by takiq the mean of t h o  8 swings with each pendulum. Due to the 
ipon this one standarduetlon only. 

1 This aeries of x swings was made for the. purpose of redetk- the t c a n p p m  c&+tS of the three B 
pqdullims at the same time. The new co@cients thus determined have been used rn the T?&lChns of+ gravity 5- 
periods of the B pendulums used in eomputlng the work of the following season were obtmned h m  tlus 881118 serl(11 
war the pendulums were not restandardired a t  the close of the fleld season, and therefore stations Nos. ab0 to !M depen 



Pendulum obscrvatiorle and redwAma-Continued. 

Pres- 
sure. 

+13 
-11 
+15 
+10 
+10 
+3 

+el 
+5 

-a 
+a 
+a 

-1 

4 m 

- 
Chrc 
nom 
0ter 
No. 

1818 -- 
+a 
+226 
+aM +m +m 
+Po 
+a44 
+a4 

j-248 
+261 
+281 

+a48 

- - 

3m 
No. 

- 
I 

i 
4 
! 
t 

1 
: 
3 
4 
d 
d 

1 

J 
6 

8 

1 
2 
3 
4 
b 
6 

1 
2 
3 
4 
5 
6 
7 
8 
1 

4 
5 
6 

1 
2 
3 
4 
5 
6 

a 
a 

1 

3" 

1917. 
Apr. 18 ..._.. 
Apr.19 ..__.. 
,..-.do _.._... 
Apr. a0 ...._. ..._. do ...._. 
Apr. 21 ...... 

- - 

?e 
a0 
UI] 

- 
B 
B 
B 
B 
B 
B< 
B 
B 
BI 
BI 
BI 
B( 
BI 
BI 
Bd 
B. 
B. 
B. 
Bi 
Bd 

B4 
B: B! 

B! B! 

B6 B5 

BG BB 

34 34 

$4 15 

$5 $5 

B! 

B6 
B6 

E6 
E8 

36 36 

34 
34 

$4 

15 

e. 
285.53 
293.31 
XU. 37 
833.36 
m.33 
332.74 

Apr.24 ...... 
Apr.25 _._._. 
....do ..-.... 
Apr.26 ...... .... do ....... 
Apr. 27 ..._.. 

338.85 
339.03 
350.21 
849.01 
849.87 
851.78 

A r 30 ..._.. 
...- do ....... 
May 2. __.._. .... do ..._... 
JdsY3 ..._... .... do. ... . ._ 
May 4. ..... . 
May7 _...... 
Mays....... .... do ..._... 
May9 ....... .... do. ...... 
M a y l a  ..... 

dY.1 ..._... 345.66 
342.29 
m.98 
295.78 
297.02. 
288.31 
ZX. 67 
295.77 

809.30 
ma62 
353.52 
353.48 
a 3 0  
353.59 

Kay14 ...... 
May 15. ._._. .... do _..... 
May 16.. .. . . 
..do ._...... 
May17 ..... .... do _._.__ 
M a y i a  ..... 

351.57 
353.76 
363.97 
381.87 
362.96 
380.74 
380.64 
358.37 

+2 
+3 
+1 
+3 
-1 
+2 
+2 
+3 

+( 
+4 
-1 
-7 
+3 

0 

+a38 
+338 
+321 
+321 
+321 
+321 
+307 
+307 

+%9 
+289 +a 
+?84 
+!a8 
+Ea 

~ a y  B.. . . . . 
May 14.. .. ._ .... do. .. .... 
M ~ Y z ~ . . . . . .  .... do.. . .... 
May 28 ..... . 
b y  28 ...._. 
Hay 30.. .. . . ... do.. . -. . . 
Nay 31.. _.. ... Bo ....... 
b e 1  ...... 

377.12 
377.17 
319.94 
3 i a ~  
3Zfl 92 
319.31 

320.11 
319.52 
365.32 
365.56 
367.50 
3S.P 

- - 

P r a  
sure 

- 
nbm 

5( 
76 
48 
trl 
M 
61 

TOW BIZ. Corraclons (seventh derlmal plare). 
- 

Fi. 
MI 

- 
mm 

1. 5 
1. t 
2. ( 
1. I 
1. s 
1. i 

1. f 
1. s 
1. e 
1.5 
1.8 
1.1 

1.7 
1.1 
1. E 
1.4 

1.7 
1.9 
1.6 

1.9 
1.8 
1.8 
1.8 
1.8 
1.6 

1.7 
1.7 
1.9 
1.7 
1.9 
1.7 
1.8 
1.7 

1.6 
1.7 
1.7 
1.5 
1.8 
1.7 

1.8 
1.8 
1.0 
1.7 
1.8 
1.8 

a. a 

- 

Chro- 
nomete 
No. 184: 

-. 

FIN 
we. 

- 
-14 
-14 
-14 
-14 
-14 
-14 

-11 
-l2 
-12 

-12 
-12 

-12 

-12 
-12 
-12 
-12 

-14 - 14 
-14 
-14 - 14 - 14 

-10 - 10 - 10 
-10 
-10 
-10 
-10 
-10 

-la 
-13 
-13 - 13 
-13 
-13 

-11 
-11 
-11 
-11 
-11 
-11 

-ia 

-ia 

-la 
-ia 

I- - 

Id. 
tial 

- 
mnb 
7.5 
7. I 
7.5 
8.1 
8. ( 

7.1 

7.6 
8. c 
8. c 
7.9 
8.1 

7.8 
7.9 
7.8 

7.9 

8.0 
8.0 
8 1  
8.2 
8.1 
8.2 

8.0 
8.3 
L O  
8.2 

7.9 

ac 

a( 

8. a 

7. a 

7. a 

a 2  

ao 
ao 
ao 
ao 

a2 

a i  a i  
a2 
a4 

a 3  

7.3 
8.1 
7.8 

8.1 

- 

AK 

- 
-11 - 11 - II 
-11 
-1I 
-1: 

-11 - 11 - 11 
-1: 
-18 
-1; 

-1i 
-1i 
-1; 
-11 - 1( 
-1; 
-18 
-lf 

-18 
-18 - 18 
-16 
-16 

-18 
-17 

- 17 
-M 
-17 
-18 
-17 

-17 - 17 
-15 
-16 
-17 - 18 

-18 
-18 - 19 
-18 
-18 - 19 

-18 

-m 

- 

TN 
E 

- 
-1s 
-M! - 171 
-17: 
-17: 
-1Z 

-5! 
-3: 
-11 
-24 
-l( 
+i 

+6i 
i- 3: 
+4! 
+8! 
+91 
+!n 
+of 
+si 
304 
.2BE 
,298 
.a81 
,291 
3ai 
,228 
.228 
214 
,212 m 
195 
lls 
188 

c44 
c54 
c68 
I-79 
bo2 
bge 

-23 
-28 
-29 
-37 
-43 
-54 

1 Rate. ?os 
iol 

- 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

Date. chro. 
num- 
eter 
No. 

1818. 

ChrO. 
nom. 
e t a  
No. 

184% 

- 
Chn 
nom 
eter 
No. 

1849 - 
+9 
+g 

+a1 
+21 
+35 
+35 

f 51 
+51 +a 
+52 
+a% 
+56 

+38 
+38 
+49 + 49 + 49 + 49 
+35 
+85 

+80 
+80 
+78 
+78 
+&l 
ftx 
+ffl +a 
+56 +a +a 
+58 
+51 
+51 

+la + 13 
4-21 +a 
+% 
+'a 
+ab 
+28 
+30 
+99 
+30 
+30 

C Chro- 
nomete 

No. 1818 
Chrr- 

nomete: 
No. 1811 

Chro- 
nomete 
No. 184 

- 
s. 

h xJa354: 
.5oow 
.500753; 
.5Mn53; 
.5oM55i 
. m m  
.500758i 
.5001541 
.5007371 . rn%( . m37( .m 
. :m53f 
.5(K1751( 
. m 7 5 (  . m 7 a  . s m 7 4 a  
.500872: . m 4 4  
.5008731 

.m .m . m 1 5  

.mG4 

.5ooR14 . m u  

.5o07801 
, 5007614 
, 5007~1  
I m74M 
,5007m 

m7402 
,5007414 

5ooemo 
5008831 
5008160 
5008147 
5arcu51 
5008163 

5mm2 
5007998 
m m 7  
5008988 
5ooE?)91 
.'1008984 

,5007422 

Mean. 

a. 
55om534 
.5008551 
.mm .mm .mm .mm 
.5007572 
.mm 
.5&?7w 
.5001355 
.Em7370 
.50m360 

.5007526 . m 5 2 9  

. m 4 0  

.5008'153 . -42 

.5MW42 

.mlw35 .m 

.5m7% 

.5008751 

.mo9 

.Em715 

. m 1 0  

.Em708 

.5w160? 

.51)07616 . m 7 3 w  

.500'1416 

.5007401 

.5007428 

.5007m 

.500'1415 

. m 2 8  

.ma932 
,5008144 . sMy(161 
,508140 
,5008163 

,5008013 
,5008000 
,5006976 
,5006989 
.Em6980 
,5008992 

- 
Dynce. 
980.014 
m007 
980.010 
Bso. 005 
W. (K15 
880. oo7 

m.w 
979. BB6 
979.983 
me. B96 
979.w 
979. ggP 

8. 
2s7.7$ 
286.4: 
325.15 
3%. 11 
3%. 6C 
326. !a 
923. % 
331.7f 
339.65 
341.14 
NO. I? 
341. 

335.11 
334.8 
2-88.63 
m. BB 
290.36 
291.13 
2s.  87 
290.01 

299. 12 
2%. 89 
339.64 
339.83 
639.98 
Mass 
Ml. a8 
540.92 
l49.67 
549.53 
168.95 
147.88 
147.82 
w70 

162.87 w. 35 
(08.14 
IDg. 18 
110.58 

:11.36 
812.10 
57.38 
56.94 
55.97 
55.71 

110. e4 

0 c. 
IS. 61 
18.94 
19.20 
19.13 
19.13 
19.11 

10. !A8 
15.74 
15.38 
15.48 
1 5 . 1  
14.82 

la 39 
14.13 
15 86 
12 08 
12. R3 
12. 64 
12.70 
12.93 

7.75 
7.88 
7.82 
7. e1 
7.90 
7. e6 
9.51 
9.60 
9.85 
9. w) 
9.97 
LO. 30 
LO. G9 
11.01 

13.95 
13.70 
13.37 
13.11 
12.80 
12 e4 

Is. I 
Is. a 
.s. 88 
:a. 04 
!8 30 

.A m 

8. 
L m l 3  
.500874: 
. m 7 0 1  . m o l  
.m11 
.5007674 

.50m6X 

.m54: . m 7 :  
.500733( 
.m1 
.50073% 

.m4s 

.50014P 

.500588( 

.50086Bi 

.5ua862! 

.5o0880: 

.500861( 

.5olm3f 

.xm378 

.5oO1371 

.5007361 
,5001364 
,5007344 

.5M)733rl 
,5007341 
5007160 

,5OO716o 
5007175 
5007196 
5007198 
5007231 

5008899 
50088w) 
Soaslo0 
5o08083 
5008062 
5o08061 

mm43 
5Oo8023 
5007005 
5007014 
5oo7iB3 
500'1038 

.5008(71 

No 280 Clarksburg 
W. Vi, Max Stein 
bag. 

No 261 Rwlesburg w. VL, Max stein 
baH. 

57 
5.5 
84 
85 
61 
61 

59 
68 
61 
75 
48 
58 
GO 
62 

59 a 
80 
62 
61 
62 

Bo 
59 
61 
59 
I 
Bo 
60 
69 

59 
59 
& 
70 
60 ea 
58 
57 
61 
82 
63 
63 

.5007w 

.5ansst 
.500714f . E407173 . m15e 
.Wll7 

. m 5  

.wO1314 

.6oo&Lgl 

.melt 

.500&13l 

.5008452 . W 4 1  . boo&167 

.5o08096 . wo8116 

.Mmm 

.5007IM 

.606'w 

.5001080 

No. 262, Ten8 A b ,  w. vs., Maxstein. 
beg. 

+m +m 
+P2 
+233 
+232 

+aa 
979.929 
979.828 
979.930 
979.928 
979.932 
979. 932 
979.935 
979.934 

+1 
-12 + 14 
+4 
+3 
+ I  

+a16 
+Zld 

+350 
+a50 
+355 
+355 
+355 
+355 

+3 
+3 
+2 

0 
+ I  

0 

. m 1  

.boas735 

.mlM 

. m 1  . m 7 0 7  

. m 1 0  

.5007601 

.5007617 

.5lW73s5 . m 4 2 7  
.5007'399 
.5007431 
. m 7 m  . W7416 

.em6925 

.Em6934 

.5aw%t . m 7 5  

.m30 

.%lo8173 

979.939 
979.936 
979.935 
979.933 
979.935 
979.937 

979.977 
979.973 
979.981 
979.972 
979. on 
979.968 
979.978 
979.973 

880.163 
880. 182 
9m. 186 
880.159 
9m. 168 
980.158 

980. el8 
880.m 
W. 222 
880.214 
m m  
980.218 

+6 
+6 
+2 
+1 

0 
0 

No. 266, Qlm R 
N. J., Max 
baL. 



No 267 PlainsborQ 
N. J.,’ ~ a r  stdn- 
bea. 

B5 
B5 
B5 
B5 
B6 
B6 

No 268 Hartford 
dmur.,’aan~ Stein! 
beg. 

D 
D 
D 
D 
D 
D 

W d h g t o n  D C., 
Carst and’Qehetie 
Surve Omw E. 
W. Ezkdberg: 

-18 
-18 
-19 
-18 
-18 
-18 

-18 
-19 
-19 
-1s 
-18 
-16 

No 268 H i l l c i t y  8 
Dak.,’E. W. Em& 
bw. 

-107 
-94 
--B 
--so 
-79 
-76 

- 1 I  
-149 
-158 
-154 
-143 
-140 

No. 270, Nencsrtle, 
Wyo E. W. Elck- 
elk;. 

~~ ~ 

. . ..do.. . . -. 
June 8.. . - -. 
, . . -.do.. . . . . 
June 9 . .  . . -. 

No 271 Brldpnrt 
Nebr.,%. W. lckel 
berg. 

~ ~~~~ 

3130.98 
359.75 
372.20 
370.60 

No 272 Buford Wyo. 
E. w‘. Eiekelelberg. 

B 6  
8 6  
B4 
B4 
81 
B4 

A4 
A4 
A5 
A5 
A6 
A6 

A4 
A4 
A4 
A4 
A4 
A4 
A4 
A +  
A4 
A4 
A5 
A5 
A6 
A6 

AS 
A4 
A5 
A5 
A6 
A6 

A4 
A4 
A4 
A I  
A4 
A4 
A5 
A5 

A5 
A5 
A6 
A6 
A6 
A6 

A6 
A6 
A4 
A4 
A4 
A4 

No 273 Boulder Colo. 
E. d. Eickdderg. 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
I) 
D 
.D 
D 
D. 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 

11 

14 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
S 

1 
2 
3 
4 
5 
li 

1 
2 
3 
4 
5 
6 

10 9 

12 13 

June 13.. . . . 
June 14.. -. - 
.__. .do ....._ 
June 15.. . . - 
June10 ..... ..... a0 ....._ 

387.38 
386.75 
3z.s 
3%. 18 

324.90 
3 ~ 3 9  

1919. 
Sept. 2.. .... 
Sept. 3 . .  . . . . 
Sept. 4. .  . . _ _  
Sept. 5.. . . .. ...._ do.. .. . 
Sept. 6.. . . . . 

June 6 . .  . . . . . . . . . . 
June 7 . .  . . . .I: 1.. . . . . 

I&? 
2W.70 
280.69 
31.33 
3M. 00 
351.16 
381.16 

-16 
-16 
-17 
-17 

-16 
-17 

-293 
--290 
-278 
-!BO 

- 3 2  
-sa 

-16 
-19 
-17 
-16 
-17 
-16 
--IS 
-17 
-1s 
-16 
-20 
-1G 
-18 
-17 

-16 
-10 
-16 
-16 
-16 
-16 

Oct. 20 ...... 296.57 
Oct. 21 ...... mal 

do ....... 36565 
Oct. 22. __. _. 3W32 
, _. ..do.. .. . . . 389.20 
Oct. 23.. .. . . 389.03 

+456 
+460 
+ U 5  
+4M 
+ 4 3  
+411 
+391 
+373 
+3M 
+349 
+360 
+383 
+421 
+4Y 

-76 
-83 

-104 
-118 
- 1 3  
-136 

+4 
+2 
+9 
+6 

+13 
+11 

+6 +I45 
+6 +1.15 
-4 +159 
-4 +159 
-4 +159 
-4 +159 

34a 37 
3.13.02 
350. M 
319.64 
359.74 
359. n 

Oct. 2s ...... 
Oct. 29 _... . . 
, . . ..do.. . . . . . 
Oct. 30. ... . . ___. do ... ..._ 
OCt. 31 ...... .... do.. . . . . . 
Nov. 1 . .  . . . . 

375.42 
375.14 
317.00 
3 X P ?  
317.66 
317.92 

1886 
28821 
288 24 

358.33 
376.82 
376.86 

184% 
3?7.48 
33 .31  
324.20 
323.74 
324.03 
323.18 
322 46 
321.31 

320. 92 
409.46 
412.81 
439.71 
440. la 

301.74 
301.39 
376.88 
376 IS 
401.43 
399.45 

302.00 
299.97 
29x 39 
297.66 m. 90 
296.80 
371.52 
372.07 

1888 
3%. 18 
325.32 
342.79 
342.85 
342 58 
342.86 

327.56 
327.30 
255 07 
257.28 
257.46 
256.44 

358 46 

320. a 

296.59 
2!U. 58 
298 13 
297.01 
3S.54 
29L354 
372.73 
373.59 

8.2 
5.1 

-!XI 
-17 
-18 
-18 
-19 
-16 
-17 
-17 

8.0 
ao 
ao a i  

+m 
+247 
+232 
+216 
+m 
+193 
+I99 
+XI9 

8.0 
8.0 

7.9 
7.8 
7.8 

7.8 
7.8 
7.9 
7.8 
7.9 
7.6 

7.7 
8. ? 
7.8 
7. g 
7.8 
7.7 
7.9 
7.9 
7.8 
7.6 
8 0  
7.7 

7.8 

7.7 
7.7 
7. G 
7.7 
7.7 
7.7 

a i  

ai  

a4 
ao 
7.7 
7.9 
7.9 
7.7 
7.7 
7.8 

7.9 
7.0 
8.0 

7.8 
8.1 

7.7 
7.8 
8.2 

7.9 

ao 

8. a 
ao 

979.622 
979.632 

979. &?%I 
979.631 

;%G 

1.7 
1.8 
2.0 
1.9 
1.9 
1.8 

1 2% 

1.8 
1.9 
1.9 
1.8 
1.9 
1.5 

1.6 
1.5 
1.6 
1.7 
1.7 
1.6 

1.7 
1.9 
1.7 
1.5 
1.8 
1.7 
1.8 
1.7 
1.9 
1.7 
2.1 
1.7 
1.9 
1.7 

1.7 
1.7 
1.7 
1.7 
1.6 
1.7 

2.0 
1.6 
1.7 
1.8 
1.9 
1.7 
1.8 
1.7 

1.7 
1.6 
2 0  
1.7 
1.7 
1.7 

1.7 
1.7 
2.0 
1.8 
1.8 
1.7 

-17 
-16 
-19 
-17 
-17 
-18 

17.55 
17.24 
la 89 
16.91 
16.90 
16.83 

+222 
+?IS 
+ 2 3  
+ 3 4  
+233 
+234 

la 57 

ia 41 
1835 

18. 60 
18. 78 
IS. 69 

22.10 
22.03 
21.65 
21.70 
21.88 
21.99 

3.97 
3.85 
4.22 
4.45 
4.62 
5.06 
5.53 
5.96 
6.44 
6.56 
6.39 
5;s3 
4.93 
4.86 

16.85 
17. O? 
17.49 
17.83 
IS. 03 

7.74 
9.01 
9.38 
9.76 

10.12 
10.33 
10.24 
10.01 

9.70 
9.7s 
9.51 
9.41 
9.43 
9.40 

17.37 
17. Bo 
17.87 
1s. 35 

ia zi 

ia 53 ia 81 

-16 
-17 
-3 
-18 
-18 
-17 

5s 
59 
59 

-99 
-109 
-119 
-138 
-146 
-180 

~. 
59 
61 
62 

56 
57 
61 
62 
62 
63 

59 
62 
56 
59 
64 
5s 

52 
56 
56 
61 
49 
52 
56 
60 
50 
50 
53 
56 
50 
53 

60 
62 
54 
59 
50 
52 

01 
65 
51 
52 
52 
53 
57 
57 

Bo 
Q 
54 
58 
62 
64 

66 
5s 
52 
57 
61 
66 

Nov. 13 ..... 
Nov. 13 ..... ... do ._.__.. 
Nav. 14 __._. ..._ do ..___.. 
Nov. 15 __... 

..._ .... . . . . . . . . 
.me935 
.m59 
.5006726 
.5006755 

.xw6l82 

.5006472 

.5007659 
,5407724 . m7G71 
.5007706 

l&9 
.5008615 
.5008615 
.5OO6890 
.5006897 . 50065BS 
.5006588 

1886 . m 7 4 2  . m7760 
.XI07792 
.5007805 
.XI07805 
.XI07855 
.XI07872 . m 7 m 5  
.50079?0 
.EO37913 
.Eo06201 
.5006112 
.m739 
.5005742 

.5408444 . W 4 6  .mm 

.m797 
.Ea06132 
.ma5 

.5ooBu3 

.501)8501 

.500&100 

.5005131 

.500865 

. m s  . SI06716 

.5006695 
1818 

.5407667 . 5007670 

.a07253 

.a07258 
.5007?15 
.mm 
.XI07625 . XI07G34 
.5009712 
.5009762 
.5009807 
.m9W 

333.36 
333.00 
257.90 
a.60 
255.42 
m.34 

. m i 1 8 7  

.m7174 

.5007152 . T2)07160 

. m 5 9  

.XI06959 

-2 
+li 

+11 
+6 
+3 
-1 

.scm%69 

.XI06673 . 5007m . m m  

.5007.%2 

.5007876 

1836 
.5oOsG90 
.5008699 
.5006984 
. m f f i  
.soow4 
.50066a5 

1&2 
.5007646 
.m7649 . 54077s .m . 5007727 
,5407748 
.5007765 
.XI7793 . m 7 m  
,5007M2 
.NO6113 
.5oo(io64 
.a05692 
.5005686 

.a08299 
. m o 8  
. m 2  
.mom54 
.mm 
.5008268 
.5008282 
.5oos348 
.5008392 . Eaos413 
.mSI34 
.5008437 
.Em3738 . XI06729 

1886 
.5007m 
.5407697 
.5007301 
.5007302 
.m7308 
.XI07302 

.5407644 

.5007650 

.5009706 

.a09735 .mm 

.ma 

+72 +55 
+73 +55 
+90 +lo7 
+90 +lo7 
+28 +lo6 
+28 +m 

-14 
-14 
-14 - 14 - 14 
-14 

-13 
-12 
-12 
-l? 
-12 
-12 

-10 
-10 
-10 
-10 
-10 
-10 

-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 

- 12 
-12 
-12 
-12 
-12 - 12 

-S 
-8  
-8 
-S 
-S 
-S 
-!3 
-S 

-10 
-10 
-10 
-10 
-10 - 10 

-15 
-15 
-15 
-15 
-15 
-15 

,-...-... . . . . . . . . 
.5007045 
.5007073 
.500bS42 
.Eo06573 

.5o00485 . m 4 9 3  

.5007690 

.No7729 

.m76S9 

.50077?S 

1849 . SOIJS40.3 
.5o05403 . m 7 2 0  . m G 7 9  
.5006370 
.5ooo363 

lSS6 . . m 1 8  . WoP333 . tNS352 
.5005353 
.500.9356 
.5oos3s6 
.5oPs377 
.5oos389 
.5005369 
.500B52 
..5oms3 
.5006618 
.mS7 
.5o06302 

.!io08350 

.5008343 

.5OOGoE3 . .5006653 

.mm 

.500&2s 

. m 7 2  . a.5576 

.500875 

.mS787 

.5405729 

.5OOS722 

.XI07100 

.5007w 

. m75* 

.a07953 . 5007lB2 . m 7 m s  

.337IBO . m 7 m  

.5407565 

.5007571 

.5009GG9 

.5009657 

.5o09059 

.5009883 

Is la- .  

.500GIW 

.5006191 

.5007706 
.5007714 
.5007710 

1838 . moo5106 
.500810j 
.5iKlG723 
.!a06720 
.5001j370 
.5006362 

184% 
.500S315 
.500&315 
.5oos376 
.5005374 
.5008371 
.500872 . sMJs3G3 
.5oos370 
.50083G5 . msa 
.ml€877 

.5006302 

.5on63s 

.5oos3tl . m s 4 4  
.5006678 
.5oora73 
.5W6?52 . m L 2 2  

.5008757 . moS759 

.500m . mm5 . m m 1 1  

.5007095 

.5007096 

1836 . m7964 . rn7958 

. m7c05 

.5007GlI . m 7 m  

.5007567 

.%J7570 

.5J”G70 

.%4IQG77 

.5009m . 50096s1 

. mnos 

. mrw 

. mnsm7 

.5007r01 

. . . . . . . . . ........ - 
.5007w 

.500G.. 

.5006568 

.5006188 . W 4 9 ?  . m 7 m 8  

.5007722 

.5007700 

.5407718 

.500s101 

.mew 

.500672!2 

. W 7 2 1  

.a06370 

.5006382 

. WK418 . ms324 

.5oos364 

. m a  

.5008364 

.500s379 

.5w%370 

.am380 . .5008364 

.5008352 

.5006680 

.5o06650 

.5OoF#300 

.5006300 

.5009341 

.5oDs344 

.Kt36670 . moG663 

.5006%9 .mLm 

. rn.814 . m w 1 s  . m s 7 s 9  

.5IXX796 . MIS770 

.500S714 

.XI0709s 

.5007092 

. m 7 w  

.XI07954 

.5007603 . rm7IBaO . %Wi608 

.m7eOl 

. m75136 

.5007570 

.5M966.I 

. r n 9 6 2  

.ml9659 

.5009682 

.m7070 

9m. 335 I1 
9s. 3 . ~ ~ J35 

9sO. 340 
9sO. 333 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I . . . . . . . . 

9m. 139 
9W. 141 

9luJ. 1% 
9W. 151 

979.624 

979.617 

4 eo 



’eriod uncorrected. 1 
-~ 

Ch* 
lometer 
Jo. 1886. 

8 .  
m 2 1 9  
5009231 
580750.1 
5007558 
5007570 
3307546 

......... ......... 
5007597 
5007596 
5007134 

,5007057 
,5007006 
,500699 

,5007608 
I5007M 
,5009662 
,5009668 
,5009752 
,50097.33 
I 5008177 
I m 1 8 9  

,5006078 
.5006101 . m 9 5  . .500&122 
I 5008378 
,5006369 

. m 9 2 8  

.5008927 . m 7 w  

.KO07957 

.5ooSa.w 

.5005237 

.5008979 

.5008968 

.5011003 

.501ms 

. m s  

.5009929 

.5010213 

.5010320 

.501Oen7 

.501om 

zrc. 

- 
-1s 
-17 
-17 
-18 
-17 
-19 

-17 
-1s 
-16 
-17 
-16 
-16 
-17 
-16 

-19 -1s 
-18 
-17 
-18 
-16 - 19 
-17 

-18 
-18 
-17 - 19 
-18 
-17 

-23 
-22 
-21 
-20 
-22 
-21 

-31 
-23 
-16 - 17 - 17 
-18 
-21 
-20 - 18 
- 17 

- - 

ram- 
)era- 
me. 

- 
C. 

9.22 
9.34 
9.22 
9.63 
9.84 
9.50 

IO. 46 
10.46 
IO. 27 
9.85 

6.95 
5.72 
4.93 

6.89 
7. e4 
7.92 
8.41 
9.11 

10.15 
10.61 

5. s 
6.36 

14.9t 
15. X 
15.81 
15. R 

23. BI 
a?. 7( 
23.M 
23.4: 
23.51 
23.X 

29.4i 
29.4; 
29.H 
29.5: 
29.5: 
29.5: 
29.5: 
29.5: 
29. a 
29.G 

a 43 

7.32 

- - 

‘res- 
ire. 

- 
am. 

58 
61 
56 
60 
51 
53 

61 
56 
62 
67 
58 
65 
73 
58 

59 
68 
58 
68 
55 
66 
58 
71 

59 
56 
58 
58 
54 
54 

56 
57 
55 
57 
68 
60 

51 
55 
50 
66 
62 
58 
59 
64 
59 
67 

- 
Period corrected. 

-- - 

wing 
No. 

- 
1 
2 

4 
5 
6 

1 
2 
3 
4 
5 

a 

2 
; 
1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 

1 

3 
4 
5 
6 

1 
2 
3 
4 
I 
6 
1 
6 
B 

a 

io 

- - 

’en- 
Lu- 
m. 

- 
A4 
A4 
A5 
A5 
A5 
A5 

A5 
A5 
A5 
A5 
A6 
A6 
A6 
A6 

A6 
A6 
A4 
A4 
A4 
A4 
A5 
A5 

A5 
A5 
A4 
A4 
AB 
A6 

E7 
B7 
B9 
B9 
BP 
l3P 

A6 
A6 
A4 
A4 
B9 
B9 
BS 
BS 
B7 
B7 

- 
:ormtions (seventh decimal place). 

-- 

Date. 

Coincidbnce 
interval. -_ 

Flax 
Lire. 

- 
-11 
-11 
-11 
-11 
-11 
-11 

-11 
-11 
-11 
-11 
-11 
-11 
-11 
-11 

-9 
-9 
-9 
-9 
-9 
-9 
-e 
4 

-9 
--I 

-1 I 
-14 - 14 - 14 

-11 
-11 
-11 
A11 
-11 
-11 

-1: 
-1: 
-1: - 1: 
-1: - 1: 
-1: 
-1: - 1: 
- 1: 

- 

Fi- 
lal. 

- 
nm. 
1.7 
1. s 
1. s 
1.8 
1.9 

1.7 
1.8 
1.6 
1.7 
1.7 
1.6 
1.6 
1.6 

1.9 
1.8 
1 . P  
1.7 
1.8 
1.6 
1.9 
1.6 

1.8 
1.7 
1.6 
1.8 
1. n 
1.7 

2.3 
2.0 
2.4 
1.8 
2.1 
1.9 

2.6 
2.2 

1.8 

2. a 
2.3 

1.6 
1.9 

2. n 

1. a 
2. a 

2. a 

- 

Chre 
nom- 
eter 
No. 
1886. 

- 

lem 
)era 
Urn. 

- 
-239 
-034 
-242 
-2?,4 
- 3 6  
-230 

-190 - 190 - 198 
-215 
-275 
-336 
1388 
-421 

-321 
-339 - 306 
-292 
1 - 9 2  
-241 
r203 
1184 

t383 
b36a 

+2 
-12 
-3s 
-33 

--25 
-24 
-24 
-24 
-24 
-24 

-605 
-Got 
-m 
-Bo( 
-41 
-41 
-41 
-41 
-41 
-41 

- 

res- 
eo. 

- 
+3 
-1 
+6 
+2 
k11 
+9 

+1 
+6 

0 
-5 
+3 
-3 
-11 
+? 

+3 
-6 
+4 
-6 
+6 
-4 
f 4  
-8 

+2 
+5 
+5 
+5 
+9 + S 

+8 
+6 
+7 
+6 
-3 
+1 

+ I 4  

f 1 5  
+9 
+3 
+7 
+c 
+2 
+6 
-1 

+in  

- 
ChO- 

nometer 
io. isis. 

8. . $009165 
. m 1 9 4  . m7459 
.5007510 
.5007:75 
.5007461 

.EO07531 

.5007514 

.5007461 

.5007465 

.5006998 

.m22 . mslilj 

.5006F17 

.5007588 

.3307517 

.5oowi36 

.5009653 

.m662 

. m m 7 7  

.5o08099 

.5006127 

.5006141 

.5005257 

.5005300 

.5006%52 

.iDX?-I8 

1824 
.m931 
.5008930 
.mw 
.Em7947 
.500828 . EQlMZ67 

. m w 1  

.5008955 

.5010997 

. 5009928 . 5009921 

.5010194 

.50102oa 

.5010858 

.50097in 

. mima 

. 5 o i w a  

- 

hi-  
hl. 

- 
nm. 
7.8 

7.8 
7.9 
7.6 
8.1 

a1 
7.7 
7.9 
7.4 
7.6 
7.9 
7.5 

8.0 
7.9 
8.0 
8.1 
7.8 
8.1 
8.0 

8. 0 
8.1 
7.9 
8.2 
8.0 
8.0 

ao 

8. n 

a 2  

a5 
a 9  ao 
,8.4 
a 7  
8.8 

8.8 
7.4 

7.4 
7.8 
7.9 

8.2 
7.4 

io. n 

7. a 

8. a 

Rate. 
- 
:hrw 
om- 
ster 
No. 
&?a. 
- 
-31 
-31 
-199 
.199 
-172 
-172 

..... ..... 
+Go + ro 
1-116 
k 116 
e116 
t116 

k 1 6 1  
k164 
t 155 
F155 
+s9 
+69 
i- 43 
+43 

t 9 2  
t 9 2  
+51 
+51 
+63 
+63 

- 10 
-10 
-7 
-7 
+6 
+6 

+24 
+24 
+40 
+40 + 33 + 33 
+33 
+33 
+30 
+30 

Station and observer. Chr* 
nom- 
eter 
No. 

1818. 

bIIean g. 

Dyne& 

979; 637 fn.  001 

979.679 
1n.Ooi 

979.45b 
f n .  001 

1 I 979.332 f O . O O 1  

- 
;hre 
.om- 
ster 
No. 
818. - 
-245 
-245 
-247 
-247 
r262 
tX2 

-147 
1-147 
1195 
1- 195 
1- 251 
e251 
1251 
1251 

4 0  
k190 
k178 
~ 1 7 8  
e171 
k171 
I139 
1139 

t249 
1249 
t 182 
t 182 
t 185 

195 

1824 
-11 
-11 
+a 
+a 

-21 
-21 

+36 
+36 
+4ci + 46 
i- 4s + 45 
+53 + 53 
+50 
+50 

C h m  
nometer 
No. 1818, 

Chro- 
nometer 
No. 1856 

Nwn. 

- 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

1) 
D 
D 
D n 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

a. 
.m28 
. m 4  
.m79?6 
. m m  . ,srx)7936 . 5007939 

.5007&41 

.50078% 

.5007527 . m 7 s 2  

.5007500 . .%In743 

.5007466 

.Em7464 

. .m.w75 . ,sals013 

.5010097 

.5010091 

.501ooP4 

. .%?os395 

.500885 

. m 7 3 3  

. joo5415 

.m.w2 . m 3 7 9  . mm77 
1894 

.5005669 

. m:m . m7900 

.5005191 . 5005194 

.50w73 

.5o08301 

.5010431 

.5010418 
*. 5009904 

.5010179 . T#JIOls!a 

.5010843 

.501Os51 

. <nimm 

. ma728 

.500M4 

. mgwa 

I. &3 
.5m637 

. W 9 M  

.5007941 

.500799 

. morn23 

........ ........ 
.5007S% 
.5007q3s 
.5007501 . m7479 
.5nO7.171 
.5007461 

.5008065 

.500so14 

.50100S3 

.5010093 

.5010054 ’. ms99 . 500K382 

.5006727 

.5006731 

.5008422 

.500%133 

. m s 3  

.5001r376 

.5005567 

.500%66 

.5007003 

.50079(11 

.5Wl8196 

.5008191 

.Clon$W 

.500536? 

.5010431 

.5r)1041S . m w 4  

.5009S9F 

.50101i€ 

.5010181 

.501m42 

.5010851 

.minim 

8 .  I. man 
.mMO . m7924 
.5007954 
.5007938 
.5007930 

......... ......... 
.50078?5 . 3jil75.10 
.5007500 . .mi479 
.5Nl746S 
.5007463 

.500.w72 

.500~14 

.5010095 

.5010087 

.50100ss . 501008s . m 9 7  

.500s385 

.5006730 

.5006730 . ms.113 . ms439 . .5006381 . .500637C 

. msw 

.F1001W4 

.5owm . SWl94 

.5ooSXl 

.5oos3(il 

.5010431 

.5010411 . m90-I . m w  

. .w1015: 

.501n841 

.501a551 

.5oo_S%5 

.50nsi92 

.5oini71 

Dynrs. 
979.63: 
979.63: 
979.64: 
9711.6.3: 
979.63 
978.64 

979.671 
979.6s: 
979.6s: 
979.671 
870.67 
979. G7! 
979.6R 
979.69 

979.44 
979.471 
979.45 
979.45: 
979.45, 
979.45 
979. a5 
979.46 

....... 

....... 

....... 

....... 

....... 
...... 

....... 

....... ....... ....... ....... ....... 
979.33 
9i9.33 
973.32 
979.33 
979.32 
979.32 
9i9.33 
979.33 
979.33 
9i9.33 

1919. 
Nov. 18 .... 
Nov. 19.. .. 

8. 
273.20 
272.42 
335.63 
333.42 
334.96 
335.58 

332.45 
333. IS 
335.58 
335.42 
357.75 
361.66 
364.58 
367.23 

39.92 
S33.07 
59.95 
259.51 
259.26 
257.98 
310.01 
309.17 

ws.54 

303.27 
301.70 
400.41 
400.61 

1894 
2SfJ. 42 
2W. 58 
314. $4 
315. OS 
303. i 4  
302.99 

279.18 
279.68 
227.84 
227.94 
252.36 
252.50 
245.76 
241. €0 
230.74 
220.44 

407.59 

8. 
271.68 
271.32 
333.65 
331.?8 
330.75 
331.78 

...... ...... 
320. 58 
3B. 62 
350.94 
354.73 
357.37 
360.27 

329.08 
331.89 
259.24 
259.10 
256.86 
256.06 
306.22 
305.80 

411.82 
410.28 
298.29 
207.33 
392.46 
393.00 

a80.52 
2m5G 
314.61 

303.52 
304.00 

27R 94 
279.26 
227.72 
227.79 
252.01 
252.27 
245.28 
245.12 
230.34 
230. oa 

314.70 

No 374 Lafa ctte eel;., k. w. Zckd- 
berg. .... do.. .... 

Nov. 20.. . 
.. ..do.. ... 
Nov. 21 ... 

No. 275. B r a t o n .  
Colo E. W. Elckel. 
berg: 

NOV. 21 ... 
Nov. 25.. . 
___.do ..... 
Nov. X... .. ..do.. ... 
Nov. n... ... ..do.. ... 
NOV. 28.. . 
Dec.1 ..... 
Dec.. 2. .... 
... ..do. .... 
Dec. 3..... ... ..no.. ... 
Dec.4 ..... ... ..do.. ... 
Dec. 5.. ... 

192n 

N a T 6  IdahoSprings 
C ~ O . :  E. W. Elckel. 
hi!. 

Washington, D. C.., 
C w t  aud Geodetic 
Survev Ofece E. 
W. EickelberL 

Jan. Y.... 
Jan. 28.. _ _  
Mar. 16 .... 
Mar. 17.. .. 
... ..do.. ... 
M3r. 18 .... 

1921. 
Aug. 4- .  .. 
Aug. 5.. .. ..... do.. ... 
Aug. 6. -. . 
Aug. 8 . .  .. 
Aug. 9.. .. 
Sept. 5.. .. 
Sept.6 .... ..... do.. .. 
Scpb.7 .... 
..... do. ... 
Sspt.8 .... .... .do. ... 
Pept.9 .... ..... do.. .. 
Sept. 10.. . 

washington D. C., 
Coast and’Gecdetit 
6-y Oflice, 0. D. 
Come.1 

No 277 FortMorgan 
ila.,’o. D. Cowie.’ 



No. !278 Chandeleur bed,  La., 0. D. 
cavle.. 

5.7 
5.1 
7.9 
8.3 
7.6 
7.5 

so NO. m 'port EMS,  
La., d. D.Cowie. 

No l@J Burrwood, 
ia.. a: D. Cowle. 

1.9 28.24 
2.8 28.83 
1.7 28.51 
2.3 29.76 
1.3 2.5.19 
2.4 29.09 

1.3 a1.76 

No 281 Fort St. 
PhUp,' La., 0. D. 
C o d .  

7.8 1.7 
8.01 1.2 
7.8' 1'3 
7:9 I 1:1 

8 6  2 7  

No !&l PoInteala &I&, La., 0. D. 
Cinvie. 

zasi 
,2846 

29:m 
2946 

29.91 

No 283 Tlmbolier 
&lmd'L+, 0. D. 
cowie.' 

1841 
.5011042 
.5011018 
.501mso 
.5010296 
.5011057 
. 5 0 1 m  

No 284 Magan City, is., 6. D. Cowie. 

.5011042 

.5011016 

.5010374 

. 5 0 1 m  

.5011048 

.5010995 

No 285 Sabine Tex., d. D: hwie.' 

7.6 

8.0 

7.5 

7.8 
8.0 

8.1 

R O  

a 4  

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 

3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 

1 

3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
R 

1 
2 
3 
4 
5 
6 

a 

a 

1.7 7.5.34 

1.5 27.91 

1.6 25.12 

1.520.53 
2.0 21.55 

2.9 27.27 

1.7 26.rs) 

1.7 2a.a 

B7 
B7 
B8 
B8 
B9 
89  

B7 
B7 
B8 
B8 
B7 
B7 

B9 
BO 
BB 
B8 
B7 
B7 
B9 
B9 

B9 
B9 
A5 
-45 
B8 
B8 

B7 
B7 
B1 
B7 
A6 
A6 
BE 
B8 

B7 
B7 
B8 
B8 
Bg 
B9 

8 7  
B7 
B7 
B7 
BS 
BS 
B9 
B9 

B7 
B7 
8 8  
B8 
I18 
B8 

.... do.. ._.. 
Oct. 3 ...._.. .... do.. ... . 
oct.4 ._.._.. .... do. _.._. 
Oct. 5 -... . . - 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

241.26 
242.12 
2%.* 227.00 
248.55 
249.02 

%90 
8ept. 16.. . . . 234.66 
Sept. 17.. . . . 233.77 
._..do ....... 250.44 
Gept. 18 ..... 250.13 . . ..do.. .. . -. 256.73 
sept. 19 .... . 25'1.37 

Oct. 8 ___. . . . 
Oct. 9 .... ... 
_._.do __.... 
Oct. 10 ...... .... do ..._._ 
Oet. 11 .___.. 

Gept. 28.. .._ 227.49 

251.86 
251.47 m.Gs 
273.11 
245.08 
243.14 

979.324 
979.3% 
979.323 
979.3% 
Y79.340 
979.323 
979.320 
979.319 

979.254 

979.324 
f .O.oo? 

I 

Oet. 16 ._.... 
Oct. 17 ...... 
_.__do. ____. 
Oct. 18 ..._.. . . . .do. . . . . . 
oct. 19 ..... . 
._..do.. .. . . 
oet. a0 ._.... 

oct.28 ...... 0ct.n ....-. 

a30.24 
230.52 
230.18 
229.98 
269.22 
288.cs 
245.00 
244.9s 

225.25 
a25.s 

7.7 
7.1 
7.6 
8.1 

6.9 
7.7 

ai  

a 4  

1.9 22.64 
1.7 22.47 
1.8 22.50 
2.3 22.60 

1.4 22.34 
1.7 22.57 

1.7 22.57 

1.7 23.50 

1841 
224.47 
2s.  11 
238. Eo 
240.12 
224.18 
225.98 

245.58 
246.16 
239.66 
239. .w 
225.04 
224.62 
214. Ro 
245.27 

247.62 
247.49 
287.10 
267.46 
240.16 
239.94 

225.89 
225.88 
222 61 
225.46 

Bl. ss 
239.88 
239.79 

223. as 
223.14 
237. Ba 
Pa. 45 
241.92 
241.82 

m.OB 
225.92 
225.50 
225. 34 
240.22 
240.30 
247.14 
247.16 

224.74 
224.94 
239.42 
239.68 
!m. 98 
PRgS 

283.70 

.5010$73 

.5010875 

.5010585 

.5010858 

.5005340 

. W O 3  

.5010213 
.5010216 

.5010878 

.5010872 

.5010861 

.5010ss 

.ma347 

.5Oot3390 

.50102ll 

.5010216 

8.0 
8.2 
8.5 
8.5 

1.6 25.22 
1.9 25.57 

2.4 25.94 
2.3 25.57 
0.6 24.47 
1.7 22.57 

8 0  3 5  s:1 I 2:4 
1993 i s 1  

.501106.1 

.5011059 

.501lB46 

.50104os 

.50101m 

.5010130 

.5010855 

.501&SSS 

.5010906 

.5010316 

.5uw335 

.5008933 

.50109oe 

.5nimii 

.5011056 

.5011068 _..._..._. 
I ..... . .... 

.5010113 

.5010122 

.501&94 

.501(#(92 

.5010900 

. 5010?17 

. 5 m 9  

.5009930 

.5n iow 

.50iom 

51 
53 
48 
54 
54 
62 

69 
61 
53 
58 
57 
61 

54 
61 
55 
f4 
59 
62 
63 
75 

54 
60 
87 
65 
54 
59 

59 
cio 
I1 
G2 
52 
56 
Ro 
78 

45 
47 
52 
55 
58 
02 

59 
68 
74 
79 
76 
65 

68 

i 3  
74 
i 5  
73 
77 
74 

60 

.~ .... do.. . . . . 
Oct. ao... ... .... do.. .. . . 
Oct. 30 ...... 

xw 
.5010677 
.%lo717 
.501m2 
.5010015 
. m 5 7  
.5009732 

. . . . . . 
247.78 
247.98 

. . -. . .. 

1894 
.5011053 
.5011050 
.5010367 
.5010333 
.5011050 
.5011014 

. 5010088 

.5010091 

.501ws4 

.5010347 

.5011062 

.SI11035 

.5010078 

.501rxN8 

.5009916 . r n M 1  

.5009185 

.5000170 

.50102?2 

. 5 0 1 m  

.5010882 

.5010%9 

.501oss5 

.5010691 

.5005659 

.5005876 

.501a!25 

..5010226 

.5011099 

.5011124 

.5010110 

.5010103 

. 5 0 1 W  

.5010852 

.5019653 

.5010852 . mol79 

.5010169 

.50098s3 

.5009889 

.5010989 

.501WO 

.5010308 

.501m 

.5010312 

.501m 

..... . . . . . . -. . 

NOV. 5 ._.__. 
Nov.6 __.... 
__..do .... I. 
__..do ..._.. 
Nov. 8. ._.. . 
___.do ..._._. 
Nov. 9.. ._. . 

NOV. 7 .... . . 

1841 
.5011162 
.5011132 
.50105oO 
m501043-a 
.5011147 
.5011085 

.5010301 

.50101i7 

.5010454 

.501wm 

.5011134 

.5011155 

.5010231 

.5010214 

.501011G 

.5010122 

. m 7 7  

.mG5 

.5010132 

.5010441 

.501109a 

.5011093 

.5011106 

.5011113 

.5om28 

.5oo6ss5 

.5010(44 

.5010448 

. 5011232 

.5011229 

.5010530 

. 5 0 1 w  

.6010355 

.501031iO 

.5011093 

.5011111 

.5011119 

.501O429 

.501O125 

.5010136 

,5011149 
,5011139 
,5010164 
,5010.153 
.50104fU 
,501lu38 

. 5 o l i 0 ~ )  

.5oini36 

zaM 
230.88 
230.85 

246.08 
245.36 
253.45 
253.B 

230.88 

- 12 
-24 
-17 
-22 
-14 
-20 

-15 
-17 
-14 
-25 
-15 - 14 

- 10 
-24 - 16 
-17 
- 16 - 19 - 10 - 19 

- 17 
-21 
-24 - 17 
-20 
-22 

- 17 - 15 
-1 7 
-21 
-18 
-13 
-10 - 19 

-21 
-22 - 12 
-19 
-28 
-22 

-20 
-18 
-14 
-1i 
-13 
-18 
-20 - 16 

- 17 
-13 - 16 
-15 
-16 - 19 

8.1 
.7.6 
7.6 
7.7 
7.9 
8.6 

7.8 
a 5  

-40 
-39 
-3s 
-3s 
-37 
-37 

-41 
-39 
-38 
-40 
-41 - 42 

-29 
-34 
-36 
-33 
-28 
-22 
-15 
-18 

-20 
-23 
-399 
-427 
-24 
-30 

-21 
-21 
-21 

-312 
-307 
-21 
-21 

-31 
-20 
-27 
-21 
-14 
-13 

-9 
-11 
-13 - 14 
-16 
-16 
-17 
-16 

- 19 
-15 
-15 
-16 
-10 

-ai 

+2 

2 0  18.09 
2.0 19.01 
1.4 19.53 
1 . 8 2 a O c  
1.0 20.55 
1.5 a(1B 

1.6 a 7 5  
1.9 20.93 

+ 12 
+11 + 14 

+ 10 
+4 

-2 
+4 

+11 
+7 
+7 
+5 

+10 
+4 
+9 
+5 
+5 +a 
+1 
-8 

+9 
+4 

-20 
0 + 10 

+5 

+5 
+4 
+3 
+3 + 12 
+8 

-12 - 10 

+I7 
+I5 
+11 
+8 
+5 
+3 

+4 
-3 
-8 - 12 - 10 

0 
+4 
-3 

-6 
-9 
-9 

-11 
-10 
-9 

+ i n  

Nov. 25... . .  
Nov .28..... 
___.do  _..... 
Nov. 27 _.._. 
. __ .do  _._.__ 
Nov. 28... . . 

1891 
+40 
+40 
+64 
+64 
+ti1 
+61 

-7 
-7 
+6 
+B 

-20 
-20 
+7 
+7 

+35 
+35 
+43 + 43 + 15 
+I5 

+42 
+42 
+42 
+22 
+22 
+48 
+48 

+20 +a 

+71 
+71 

+84 
+84 
+64 
+84 +s 
+M 
t 101 
+lo1 

+a 
+53 
+85 
+85 
+85 +s 

+ 43 

.... .... 

Ma00 
238.18 
243.0)) 
243.50 
W.94 
244.96 

ISM 
+4i 
+47 
4-54 
+54 +a +a 

7.9 
7.4 

7.5 
8.7 

8. a 
a3 

1841 
-39 
-39 
-56 
-56 
-18 
-18 

-9s 
-88 -a 
-87 
-118 
-118 
-147 
-147 

-131 
-131 - 150 - 150 - 163 - 163 

-177 
-177 
-177 
-177 
-161 
-IC1 
- 1i3 
-173 

- 104 
-104 - 127 
-127 
-1F.g 
- E 9  

-162 
-1c2 
-162 - 1c2 
-166 - 166 
- le0 
-1fio 

4 7  
-92 
-92 
-9a 
-9a 

-I -, 1 1.6121.85 
1.1 -XI 15 

1.7 18.42 
1.6 14.23 

1.3 20.23 
1.1 no;( 

-38 
-26 
-26 
-28 
-26 
-26 

-23 
-23 
-2.3 
-23 
-23 
-23 

-55 
-55 
-55 
-55 
-55 
-55 
-55 
-55 

-7 
-7 
-7 
-7 

-7 

-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 

-29 
-29 
-29 
-7s 
-29 
-29 

-8 
-3 
-8 
-8 
-8 
-8 
-8 
-8 

-50 
-50 
-50 
-50 
-50 
-50 

-I 

1804 . x u 0 4 2  
.5011015 
.a10387 
.5010316 
.5011a39 
.5011001 

.501ooo1 

. m 7 5  

. 5 0 1 m  

.501WS 

.5OIO9-18 

.5010921 

.501oooo 

.50089c6 

.5009948 

.5008918 

.5006775 

.EO08762 

.5010190 

.501oaFa 

.5010582 . fa10870 

.50losss 

.5olopss 

.a08354 . m 7 7  

.501M15 
.5010215 

.5011045 

.50llMS 

.5010115 

.jO10113 

.SO10899 

.5010696 

.501099.4 

.501(ryi5 

.5010218 

.5010213 

. m 4 3  

.5009927 

.501WO 

.501ODi6 

.501W1 

.50102til 

.501Mll 

.5010298 

-. . . . . . . -. . . . . . . 

.501M)IR I . 5 0 1 m  

979.319 
979.316 

979.319 

979.270 

979.257 
979.277 

979.2s 
979.301 
979.295 

979.303 
979.290 
979.303 

979.311 
978.312 

m. 323 
979.300 

979.249 

979.244 
979.243 

979.249 

979.318 I 
979.319 
9i9.317 

an. 320 
9i9.314 
979.318 

979. ?SI 
979.236 

979.284 
979.305 

s Pexidulumr B7, B8 and B9 are ofinvar. 



Pendulum ObsGtvatiOns and rcducliom-Continued. 

chro- 
nom- 
eter 
No. 
1834.1&pl 

C h  
nom. 
e t a  
NO. 

:KO 
9i9.332 
9iB. 328 
979.m 
979.3a3 
979.325 
979.323 
979.323 

979.322 
979.324 
979.323 
978.327 
979.325 
979.322 
979.330 

979.322 

' Dm. 

979.325 *ami 

leal. 
Nm. 14 ..... 
Nw. I5 ..._. .... do ....... 
~ m . 1 6 .  .... _... do ..__... 
Nov. 17 ..... 
._..do ._...._ 
Nov. 18.. . . . _... do ....... 
Nov.19 ..... 
._ ._do ....._. 
Nov.20 ..... 
.__.do ....... 
Nov. 21 .._._ 
_._.do ....... 
N0V.P ...... 

a. 
131.38 
231.43 
p a 9 2  
m.44 
246.14 
246.07 
245.78 
245.68 
S2.54 
25254 
234.66 
235.28 
236.45 
236.18 
291.11 
289.84 

OC. 
~3.32 
23.47 
a3.n 
23.92 
24.10 
24.20 
24.24 
24.27 
24.37 
23.00 
20.91 

19.83 
20.01 
21.65 
22.91 

m.m 

mm. a. 
66 a m m  
71 .50108ad 
74 .5010850 
78 .501087!4 
58 .5010177 
64 .SJlOlN 
66 .5010193 
68 .5010197 
67 .5009919 
71 .5006919 
63 .5010671 

70 .501059d 
72 .501lXOe 
70 .5008600 
75 .5008641 

68 .5010819 

lop. 
Ian. 10 ...... 
._..do ....... 
Ian. 12.. . __. ..._ do ....... 
. . ..do ._... . . 
Ian. 14 ..____ 

18n.11. ..... 

ran. 13 ...... 

ran. 16. ._ __. 
z::;:::::: 
an. 19 ...... 

865.10 
38244 
382.67 
291.51 

285.34 
285.54 

m. 10 

908. sa 
E: 
319.82 

+lo5 
+lo5 
+lo5 
+lo5 
t105 
tlrn 
t l23 
tl13 
+llO 
-110 
-107 
-107 

-140 
-140 
-134 
-134 
-130 
-130 
-1w 
-115 
-114 
-114 
-127 -in 

no8 
20.28 
21.18 
21.18 
21.w 
%SO 
a02 
18.65 
19.60 
19.50 
19.22 
19.70 

61 .5008855 
65 .500888rl 
53 .5006545 
56 . 5 m  

53 .5008761 
5s .5008771 
50 .5008106 
74 .5008118 
44 .5O(n807 
60 .M)(nsaO 

49 .5oOs5? 
56 .5008513 

4-17 +i7 
+23 
+23 
+1 

-132 -13a 
-138 
-136 
-149 

u.35 
14.50 
w.68 
u.70 
W.70 
U70 
14.65 
24.85 
6.08 
E.10 
a85 
W.52 

42 
4Z 
45 
47 
42 
44 
43 
46 
40 
43 
46 
49 

b y  12 .... . . 
b y =  ...... ... do ..-.... 
by24 ...... ... do ....._. 
d s p s  ...... ... do ...._.. 
dsy 26. _._. . ... do ....._. 
bay 27.. . . . . ... do ....__. 
dny29 .__... 

351.90 
351.66 
369.88 
370.21 
254.51 

316.43 
316.95 
S . 6 2  
306.13 
2S.76 
283.00 

m e a  +46 
+35 
4-35 
+4a 
+48 

+52 4-52 

-119 
-l3a 
-l3a 
-122 
-122 
-115 -115 

D.90 
23.38 
i4.58 
i4.68 
E.57 
Z8.52 
i6.m 

$4 00 
4s .wo8oB7 
58 .5o08013 
64 .5008067 
76 .5007889 
68 .5oo?sas 
59 .50083116 
62 .6OCM@ 

a400 
-303 
-303 
-382 
- 3 8  
1464 
+ab7 
1297 

-119 
-119 
-115 
-115 
-80 

-107 
-107 

uly 18.. . . . . 
'uly 19 ..... . . . .do.. . -. . 
ulylo ..._.. ... do.. . -. . 
hly 21.. . . . . ... do ...... 

e400 
308.18 
311.34 
310.41 
314.22 
315.50 
m.68 
W.90 

- - 

PSe 
dum 
um 

.- 

B7 
B7 
B7 
B7 
BS 
BS 
B8 
B8 
B9 
B9 
A4 
A4 
A4 
A4 
A6 
A6 

A5 
A5 
A6 
A6 
A4 
A4 
B7 
B7 
B8 
B8 
B9 
B9 

A5 
A5 
A6 
A6 
A4 
A4 
B9 
8 9  
B8 
B8 
B7 
B7 

B9 
8 9  
8 9  
8 9  
BO 
B8 
B8 

- 

'08 
1m 

- 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 

Period u n c m t e d  I I  Corractiws (seventh dseimal p l w ) .  
- 

Man. 

.__ 

8 .  
50101162 
5010858 
5 0 1 m  
501MEW 
501VXO3 
5010202 
5010!203 
5010205 
5009820 
5009920 
5010439 
5 0 1 W  
5010431 
501Il-438 
5008392 
50W372 

m m  
5008737 
5006374 
5006368 
5aJLU30 
w14 
5008881 
5oog857 
5008192 
5ooR187 
5007885 
5007m 

m72a 
5008724 
5008353 
5008361 
5ooBr130 
5008416 
5001803 
5007890 
5008192 
50081SO 
5008961 
5aSs56 

5008334 
5oOp27.3 
xv.Xe38 
5009292 
5W311 
5w0 
5008611 

- 

Fi- 
id. 

- 
urn 
1. I 
1. a 
1.4 
1.3 
1. e 
2.5 
2. a 
1.7 
a. c 
1. g 
1. d 
1.3 
1.1 
1.3 
1.1 
1. I 

1.7 
1.4 
1. I 
2( 
2.1 
1. i 
a. 4 
1. s 
1. B 
1.2 
1.6 
1.6 

1.7 
1.9 
1.3 
1.5 
1. 9 
1.8 
2.0 
1.9 
2 2  
2. 1 
1.9 
1.7 

1.6 
1.9 
1.9 
1. s 
2. 1 
2.8 
2.4 

- 

Plea 
we. 

- 
-8 
-8 
-8 
-8 
-8 
-8 
-8 
-8 
-8 
-8 
-8 
-6 
-8 
-8 
-8 
-a 

- 10 
-10 
-10 
-10 - 10 
-10 
-10 
-10 
-10 
-10 
-10 
-10 

-m 
-20 

-20 
-20 

-m 
-m 

-m -m -m -m -m 
-20 

-36 
-36 
-36 
-36 - 3G 
-I 
-36 

l- - 

chro- 
nom- 
eter 
N 0. 
1841. 

- 

ChrO- 
nometa 
No. 184.1 

- 
a. 

h501103( 
.5011041 
.5011w 
.5011051 
.5010358 
.5010351 
.501m 
.50103rl[ 
.501008f 
.501008: 
.50108= 
.501W 
.501080( 
.501a€?i 
.5008831 
. m m  

. mia 

.500712i 

.50067RI 

.500677i 

.5oosR$ 

.50088w 

.5009011 

.5CW00i 

. 5 m  
5 m 4 6  
5o08045 
5008083 

5007263 
XU7270 
5008921 
5008819 
5008997 
5ooss8a 
msLB4 
JooRm4 
506083 
5ooLu(8 
woo(wM 
5068017 

5008514 
5om478 
500849'1 
5008535 
-2 
5om796 
5008784 

- 

Am 

- 
- 1f 
--It 
-1i 
-1i 
-21 -m 
--2: 
-1i 
-!a 
-1I - 1s - 1f 
-11 
- I f  

-1. 

-n - 1s 
-21 
-!a -z 
--# 
-2: 
-1I - 1s 
-12 - 16 -1s 
-14 
-17 - 12 
-15 - 19 - 17 - 16 - 14 
-19 
-18 
-16 
-12 

- 16 
-21 - 16 
-18 
-20 - 19 - 16 

-1; 

- 

Ten 

- 
-z 
-24 
-24 
-E 
-!x 
--I 
--I 
-a: 
--x 
--2: 
-244 
-21! 
- 1% 
-2oi 
-2iI 
-331 

-211 
-2% 
-251 
-251 
-7.51 
-244 
-14 
-1: 
-1: 
-13 
-12 
-13 

-391 
-397 

-401 
-401 
-a7 
-28 
-28 
-28 
-29 
-a7 

-25 
-24 
-27 
-27 
-30 - 32 
-31 

:% 

- 

'res. 
m u m s  

- 
-1 
-4 
-8 

-10 
+5 
+1 
-1 
-2 
-1 
-5 
+1 
-3 
-5 
-7 
-5 
-8 

+3 
-1 

+11 
+8 + 15 
+8 

+I0 
+5 + 12 

I-17 
+4 
C22 
C 21 
C 19 
k 17 
1-aa 
1-20 
1- 19 
I- 18 
1-21 
1- 19 
1- 16 
+I3 

1-14 
+7 
4-1 
-8 
+6 
+8 
+4 

-a 

- 

tni. 
;id. 

- 
nm 
8.5 
a4 
a4 as 
a1 
aa 
aa 
7. a a5 
a4 
7. a a i  

9.0 

R. 1 

7. I 
7.9 

8.7 
9. c 
8.1 

8. e 

ag 
ae 
ai 
aa 
aa 
7.0 
7.8 
B.3 

8.9 
7.5 
8.7 
7.5 
R. 3 
1.7 
7.0 
B. 6 

7.4 
i. 2 
6.3 

7.8 
8.7 
7.1 
B. 9 
B. 1 
6.8 
li. 4 

7. a 

Station and 0- Chro- 
nometer 
No: 1994 

chro- 
nometer 
No. 1841 

a. 
D. 501W 
.5010961 
.501Os61 
.501oSiC 
.5010215 
.5010208 
.5010208 
.501019$ 
.500992c 
-5oCw19 
.501041( 
.5010431 
.5010441 
.501W 
.5008359 
.500837c 

.50087!23 

.500873f 

.5006378 

.5006363 

.5oo84a . swsilr 

.5005867 

.5008858 

.5oas19f 

.5005188 

.5007897 

.5007899 

.5006728 

.5m725 . m 7 3  

.5006360 

.5onWo . W 1 5  

.5007803 

.5001880 

.5008195 

. m 1 m  

.5o(r5861 

.5oLw56 

.5008333 

.5lww5 

. 5 m 0 4  

.500S321 

. 5 m m  

.5005607 

.5008598 

-- I 
a. 

A 501086(1 
.5010853 
.501OS72 
.5010Rgl 
.5010201 
.5010137 
.5010209 
.5010217 
.5oow)ao 
. m a  
.5010458 
.5010454 
.501oP21 
.501opal 
.5oow94 
. m 7 3  

.5006721 . m m  

.5006368 

.5008428 

.5008416 

.5008955 

.5008858 

.wo8186 
,50081€5 
. 5 m m  
.5005899 

.5008729 . m 7 2 3  

.5006373 

.5006362 

.5o(IsA71 

.500&416 

. 5 m w  

.5007888 . m 1 9 0  

.50(13181 

.5oow1 

.5008856 

e400 
. 5 m 7  
.5008172 
.5OCK371 
.500S!262 

.5008572 

.5008624 

.5006371 

.5008320 

a. 
226.98 
226.81 
2%. a4 
226.80 
241.81 
241.88 
241.85 
242.14 us. 8(1 
248.87 

231.88 
231.43 
283.55 
282.31 

352.a 
351. a8 
385 6C 
369.3 a. 57 
aclb45 
277.72 

300.20 
300. m 
311.13 

344.68 
344.39 
361.39 
361.78 

309.76 

299.4 
m98 m. 52 m. 7a 

294. I3 
2%. 38 
294.74 
293.76 
283.92 
2%. 77 
285.03 

231. 48 m. 78 

278 08 

ala 58 

2;s. 38 
27s. 82 

ala 14 

1 

3 
4 
5 

8 
9 

10 
11 
12 
13 
14 
15 
16 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I2 

1 
2 
3 
4 
5 
6 
7 

10 
11 
12 

1 
2 
3 
4 
6 
6 
7 

a 

; 

t 

+79 
+79 
+ig 
+79 
+73 
+73 
+53 
+73 
+58 
+56 
+51 
+51 
+51 
+51 
+94 
+e4 

-127 
-127 

-127 
-95 

-in 
No. 2s.  Beewont, 

Tex.. 0. D. Cowie. 

-95 
-95 
-95 
-93 
-91 -- 

-133 
-133 
-133 
-133 
-140 
-19 

\Vashingtm. D. C.. 
Coast and GeodetlC 
Survey OiRee, 0. D 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...- .._.. .- ....... . . . . . . . . . ....... - . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . , . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

, . . . . . . . . 

cowir; 

\vashington D. C. 
coast 8nd'Geodetd 
Survev Office. F. E. 
JOekcf. 

NO. 283 Wilkins Well 
K&F. E. JWM.' 



No 298 Do le Well hS.’, F . E . Jwkei . 

. m 4 6 7  -19 . 5007460 -16 . W434 -15 . 5009asB -15 .- -20 . 5- -14 . wow89 -14 . -17 -20 . 5008513 -21 . 5008810 -17 . 5008550 -19 

No . 299 Ben- Well 
h.. F . E . Jcekel: 

-537 
-528 
-489 
-478 
-461 
-414 
-35 
-35 
-34 
-84 
-33 

No 300 W a  
OU .. F . I!??%? 

7.1 
7.0 
6.3 
6.9 
7.8 
6.2 
6.8 
so 
7.5 
7.0 
7.7 

6.4 
6.6 
6.2 

7.3 
7.7 
7.6 
a 0  

7.4 

a 4  

a 4  
8.0 

No 301 Troy Okls., 
F . E . ’ J O E ~ .  

No 802 Idle Wilds 
Okh.’F . E . Jcekel: 

21 n.86 
2.1 n .61  
2.3 26.69 
1.8 a 5 7  
4 4  26.17 
2 2  25.m 
1.8 27.41 
2 2  27.56 
2 6  n . 2 1  
2.2 27.U 
4 3  26.86 

1.6 26.18 
2 2  26.96 
4 2  25.72 

2.5 18.U 
4 5  24.97 
1.0 a92 
a6 25.99 

4 2  25.65 

t i  18.67 

1.8 a94 
2.4 27.a 

1 

4 
5 
6 

9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

1 
2 
3 
4 
5 
6 

1 
43 

4 
5 
G 

1 
2 
3 
4 
5 
6 

: 
88 

+a 
+7 
+7 +a 
+1 

0 
+1 

0 
+4 
+l 
+1 

A6 
A6 
A6 
A4 
A4 
A4 
8 7  
8 7  
8 8  
B 8  
B8 

BO 
B9 
8 9  
B7 
B7 
B7 
A4 
A4 
A6 
A5 
A5 

B9 
B9 
BO 
B8 
8 8  
B8 
8 7  
B7 
B7 
A4 
A4 
A5 
A6 
A5 

8 7  
B7 
8 7  
8 8  
B8 
B8 

B9 
B9 
B9 
B7 
B7 

8 9  
8 9  
B9 
8 9  
8 8  
B8 

+333 +w . +w 
+m 
+m 
+220 
+a52 
+252 
+313 
+2a5 +s 

D July19 ...... 
D July 30 ...... 
D ..... do ...... 
D ..... do ...... 
D i u l y ~ i  ...... 
D ..... do ...... 
D Aug.2 ...... 
D ..... do.. .... 
D ..... do ...... 
D Aug.3 ...... 
D ..... do ...... 

W.46 
864.14 
364.62 
276.60 n+in 
276.89 
Z 6 . U  
273.66 
2DB.82 
m . 4 1  
29162 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

Aug.11 ..... 316.53 
AU((.U. .... ala63 ..... do ...... 3Qa.34 
~ u g . 1 4  ..... 27a08 
Aug.15 ..... !J76.48 ..... do ...... 276.57 ..... do ...... m35 
~ u g . 1  13 ..... nasc 

__._.do ...... 348.63 
~ ~ g . 1 7  ..... 841.22 
..... do ...... a40 

. 5008311 . 5008343 . 5008a32 . 5008214 . 5009264 . 5alBa63 . 5009159 . 5009139 

. &XI7636 . m 5 6 1  

. woir578 

301 75 
800.14 
3Cm.64 
271.84 
270.36 

273.48 
276.8 
330.12 
327.89 
331.13 

na 39 

ao5 . sa a . m 
m . m 
3% 38 
295.50 
288.80 

274.18 
374.71 
276.23 
n3.68 
27 4. 10 
336.00 
333.89 
337.78 

247.16 
247.14 
Us04 
165.63 
285 . oa 
265.14 

274.38 
276.17 
27 5. a4 
249.75 
249.38 

269.42 
289.18 
289.51 m n  
261.86 a a m  

-12 -31 
-16 -33 
-14 -30 
-22 -33 
-19 -32 
-21 -2s 
-12 -492 
-11 -454 

-21 -517 
-18 -445 

-m -499 

+7 
+7 
+6 
+4 
+2 

+3i5 
+221 
4-221 +sa 
+m 

6.6 
7.6 
7.8 
8.6 
7.2 
8.2 
7.8 
7.3 
6.9 
R l  
7.7 
7.9 
7.6 
a 3  

2 0  24.32 
PI 21.98 
1.8 22.35 
2 8  21.20 
2.8 18.66 
2.0 2231 
3.0 24.m 
4 2  23.12 
1.6 26.94 
1.3 28.82 
1.3 27.88 
1.9 27.90 
2 1  S . 3 2  
2.4 26.82 

60 
58 
58 

. 5008187 . 5008184 . 5008200 . 5008176 . 5ala437 . 5008433 . 5009135 . 5009118 . 5008067 . 5008142 . 5009138 . m 4 5 2  . 5tXY7498 . 500i412 

63 
64 
65 
64 
66 
61 
65 
65 
58 
68 
68 
61 
63 
63 
61 
63 
59 
60 
61 

56 
62 
68 
62 
63 
66 
62 
64 
68 
66 
75 
66 
69 
75 

57 
58 
58 
62 
64 
66 

53 
56 
58 
65 
49 

56 
59 
59 
61 
51 
53 

-15 -26 
-20 -20 
-17 -21 
-27 -17 
-21 -10 
-a0 -20 
-24 -25 
-18 -23 
-14 -33 
-16 -571 
-14 -524 
-18 -539 
-18 -557 
-22 -486 

. 5007910 . 5008081 . !ilmm . 5009008 . 5mBo59 . 5o09058 . 5008934 . 5lm979 . 5001181 . 5007338 . 5007355 

. W 1 1 5  . m l 3 0  . 5oO808c . 5m8M8 . 5008(88 . 5lWB32 . 5009037 . 5omlu7 . 5008858 . 5008965 . 5amuz . 5007281 . 5oo73sl . 5007327 

. 5 ” 6  . 5009852 . 5009970 

. 5008159 . 5006217 

. 5ooR829 . 5005814 . 5008942 . MMg8(a . 5008789 

. 5o09028 . 5009130 . 5009157 . 5009073 . 5009332 . 5009358 

.win 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

A-ug .la ..... Jog57 ..... do ...... 3W.m ..... do ...... 30k40 Aw.n ..... m.4 ..... do ...... 298.20 ..... do ...... 303.08 
Aug.28 ..... 277.12 ..... do ...... n . 1 2  ..... do ...... 232.72 
Aug.29 ..... 279.68 
Aug.30 ..... 276.99 ..... do ...... 343.86 
Aug.31 ..... 339.13 
..... do ...... 341.71 

+a 
-2 
+a 

0 
+3 
+1 
-1 

0 
-8 

0 
-3 
-8 

+I 

+112 
+166 
+96 
+a58 
+168 
+I66 
+343 
+25B 
+a59 +a 
+191 
+19l 

+m 

6.9 
7.7 
7.3 
7.9 

8.9 
7.8 

1.9 19.07 
4 7  19.10 
2 3  17.15 
1.8 19.05 

3.3 19.15 
2.7 aasz 

8 Bwhg No 7 was rejected . 
4 Swhg No: 2 r e j d  . Due to rped.1 tlnm d g d a  LI~~IICS Nos . 1 and 4 M d y  about two and ombhslf haucl in dmtioa . 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 

Bept.11 ..... 253.66 
..... do ...... 251.24 .... .do ...... 272 92 
Bept.13 ..... 273.48 ..... do ...... 271.72 

Sept.12 ..... 251.70 

(kpt.17 ..... !Z&l50 
a p t  . 18 ..... 284.14 ..... do ...... !Z&lo8 ..... do ...... 254.35 
Bept.19 ..... 256.40 

. 5010138 . 5010136 . 5010099 . 5aM29 . 5009451 . !%OD447 

-15 -11 
-22 -11 
-18 -6 
-18 -11 
-22 -16 
-31 -12 

+6 
+6 
+4 
+a 
+1 
-1 

+244 
+YI 
+161 
+a60 +ns +ns 

-130 
-129 
-129 
-135 

6.6 
6.3 
6.3 

8.9 

7.8 
9.0 
8.2 
7.8 

7.5 

8.9 

8.8 

... 
-138 
-138 
-1.28 
-1% . 126 
-119 
-119 

5.0 21.92 
a 7  24.00 
4.3 21.62 

1.7 24.00 

2.0!4266 
3.6 22.25 
3.6 21.12 
2 0  a60 
3 . 1 2 1 . 5 5  

t i  n.86 

3.3 a 4 0  

+a0 
-42 
-4!2 
+55 
+6 
+6 

+i2 
+72 
+I6 
-25 
-25 

+50 
+50 
+51 
+63 
te3 
+93 
+78 
+78 
I-138 
I-116 
I-116 
I-119 
+91 
+91 

. 14 
+2 
+2 +a 
+I2 
+la 
+23 
+37 
+HI 
+89 
+43 

+30 
+.!O 
+:0 
+50 
+48 
+68 

. 5 m  . 5 m 7  . 3009075 . 5010028 . 501oMa 

-67 
-57 
-57 

9.5oow167 . JO(rJ0Qs . SOaMBo . 5010026 . 5010G21 

-57 
-57 
-57 
-57 
-57 

+7 
+5 
+5 
+3 
t l l  
+9 

.. 
-57 
-57 
-57 

+301 
+195 
+185 +m 
+285 
+18a 

-32 
-32 
-32 
-32 
-32 
-32 
-32 
-32 
-32 
-32 
-32 

-66 
-56 
-56 
-56 
-56 
.-58 
-56 
-56 
-56 
-56 
-56 
-56 
-56 
-56 

-32 
-32 
-32 
-32 
-32 
-32 

-33 
-33 
-33 
-33 
-33 

-42 
-42 
-42 
-42 
-42 
.-I 

. 5009?96 . 5o09305 .- . 50092R( . 5ooa5sB . m553 

. 5008217 . 5008#)8 . 5MI3246 . 5008185 . 5009186 . 506)1€3 . 5008861 . m 7 5 0  . mw8 . 5w1009 . M)(noQI 

. 5008138 . 5008148 . 6008163 . 5008u8 . 5o05108 . 5008(25 . 5009101 . 5009107 . 5oO901yI . 5008571 . 5008699 . 5008851 . 5m939 . 5008946 

. 5010088 . 5010053 . 5010079 . m87 . 5009388 . 5009119 

. 5oow)55 . 5oo9oL3 . 6009051 . 501m4 . 501aO19 

. 5008256 . 5009231 . 5009268 . 5009w . 5o09509 . 5008541 

-la -21 
-34 -3 
-84 -17 
-1s -21 
-31 -!24 
-24 -18 

. Em9252 

. 5009258 . 5@395!28 . 5008528 

. slim54 

. wo9255 
} . m 2  

. 

mm8 
979.w 
979.959 
979.958 

97a.963 
979.960 
979.919 

979.888 
979.- 
979.984 
979 . w 
979.898 
879.990 
978.m 

980 016 
9m.010 
880.018 
980. 018 
980. 016 
880.019 
980.0% 
980.003 
980027 

979.- 
979.641 
979.641 
979.641 

979.655 
978.663 
93.650 
979.656 
979.658 

979.582 
979.582 
979.581 
979.597 

D 
D 
D 
D 
D 
D 

Bept.22 ..... m.42 
Bept.23 ..... 274.32 ..... do ....... 273.52 ..... d a ...... nk02 
Se.pt.25 ..... %4l ..... do ....... 267.62 



Stntion and observer, ;: 

B7 
B7 
B7 
B8 
B8 
BS 
B8 
B8 

B9 
B9 
B9 
B7 
B7 
B7 

B9 
B9 
B9 
B8 

B7 
B7 
B7 
BS 
B8 
B8 

B9 
B9 
BO 
B9 
B7 
B7 
B7 

8 8  
BS 
BS 
8 9  
B9 

8 7  
8 7  
B7 
B8 
8 8  
38 

No 803 Lowery 
Okla., fi. E. Jmkd 

P d ,  
tion. 

-- 

D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

No. 304, Carter, Okla, 
F. E. Jmkel. 

rBs- 
ure. 

No305 Busb Okla. 
F. E.'JoekeT: 

Rate. 

ChrP chro- 
nom- nom- 
eter eter 
No. No. 
400.1841. 

No 306 Sallne No. 1, 
Tex.,'F. E. Joekel. 

ClUO- 
nometer 
No. U41. 

No. 907 Sallne No. 2, 
Tex.,'F. E. Joekel. 

Arc. 

No 308 BallneNo 3 
Tex.,'F. E. J&l: 

Date. 

No 909 Ta lor,Tex., i. E.' J&. 

TQ.Ul- 
!lE ChrW ChrW 

nom- nom- Fi- 

84w. 1841. 
g: g: tial. nal. 

- - 

Iwhg 
No. 

- 
1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
1 
2 
3 

b 6  

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 

1 
2 
3 
4 
6 
6. 

+4 
+a 
+1 
+7 
+4 
+3 
+3 
+2 

+282 +am 
+292 +w 
+392 +m 
+241 +367 
+241 +367 
+a41 +367 
+lS +343 
+183 +343 

mm. 
. 1.6 

1.4 
2.2 
2.9 
1.9 
3.3 
2.8 
2.9 

1 m .  
Bept. 28.. .I. 
Sept; 30. .._. .... do .. .... 
Oct. 1 ...-.. : .... do . . . . . - . . ..do . . . . -. 
Oct. 2. ..-... . ... do . . . -. . 
Oct. 8.. .. .-. 
Oct. 9 .....-. ..._ do ...... .... do.. . - ._ 
Oct. 10 _....- .... do ..._. - 

'V. 
29.46 
2S.50 
26.00 
26.22 
23.92 
2250 
21.N 
20.28 

8. 
252.24 
249.07 
253.43 
268.42 
266.88 
2w.04 
285.74 
265.54 

8. 
15009582 
.faogso6 
.5009878 
.5009223 
.5008a46 

.Em9273 

.xoD271--26 

.W935 

.5008914 

.5008914 

.5009887 

.5o09880 

.5ca9852 

.Xas%8 

.5009862 

.mm .- 

. m a n 4  

8. 
253.48 
252.88 
253.60 
271.56 
270.91 
270.08 
270.10 
270.18 

-12 
'-14 
-22 
-23 
-17 

-23 

-17 
-26 
-26 
-18 
-19 
-23 
-23 
-25 
-19 
-17 

-2s 

mm. 
6.4 
7.4 
8.4 
7.8 
7.8. 
8.2 
7.8 
a4 

n5.m 
a73.n. 
274.30 
250.21 
247.64 
247.40 

280.31 7.4 1.9 1588 
m.99 7.9 3.4 15.25 
m . 9 8  7.9 3.4 1265 
253.36 8.1 1.7 1&74 
253.54 7.7 2.1 17.05 
254.25 8.4 2.4 13.95 

-1 
-3 
-5 

-1 
+2 0 

0ct.n ..__.. n 3 . m  ne.% 7.6 3.0 21.05 ..._ do .._. :. 273.17 279.46 L O  3.0 lL98 
._._do ....._ 275.30 279.42 LO 2.0 20.50 
Oct.14 ..._.. I 287.07 I 271.34 I l l  7.7 1.9 23.60 

+191 +335 
+142 +852 
+l42 +352 

+111 +363 
+209 +111 +343 +363 

.5008210 

.5010169 

: gi:ia 

.5wgall 

.5008214 

.5010161 

.5010167 

- - 

'ras 
ure. 

- 
nm. 

62 
63 
65 
58 
60 
62 
62 
62 

65 
68 
68 
61 
61 
64 

55 
56 
58 
61 

54 
56 
55 
66 
58 
58 

43 
46 
48 
48 
61 
64 
81 

63 
64 
64 
63 
65 

53 
54 
55 
54 
54 
55 

.5010137 

.5010118 

.Xl1(1087 

.5009468 

.5009468 

.5009+68 

Period uncorrected. Corrections (seventh deelmal plre). 

-16 
-14 
-16 
-18 
-21 
-19 

- 
ChrO- 

nometer 
Yo. P4m 

- 
8. 

I. 5o09830 
.5010057 
.soOgsBL 
.5009331 
.m85 
.5008415 
. m 2 5  
.a09432 

. m o m 1  

.5008149 

.5009131 

.5010012 

.5010115 . 5010116 

. m 1 4 8  

.500918 

.xKl9ow 

.m78 

. 5 0 1 m  

.5010365 

.5010360 

.5008455 

.5009818 

.cw09ea 

.5009431i 

.5009239 

.am9341 

.5009219 

.5010346 

.5010385 . "'on0 

.5009670 

.so(wgsJ 

.5008613 

.5o09330 

.500934a 

.5010789 

.5010782 

.50107S 

.501m 

.501m 

.5010087 

+8 
+6 
+7 
+7 
+6 
+5 

-I- 

+253 +m 
+81 +337 
+81 +337 

+336 +342 
+I55 +338 
+156 +338 

Oct.28 ..._._ 
Oct.29 ...... 
.._.do _...__ 
.._.do __..__ 
.... do ....__ 
Nov.3 .._.._ _... do ...... 
~ o v . 4  ....._ .... do ..__.. 
Nov.5 ....._ .... do ._._.. ..._ do ....._ 

oct.30 _..__. 

I- 

245.42 247,lZ 7.7 1.7 19.66 
241.70 24'1.57 6.7 1.7 l a 0 2  
241.82 248.34 6.7 2.3 14.88 
264.w) 264.54 8.0 2.0 21.72 

259.12 %.lo 7.3 2.4 l&sO 

265.46 27299 LO 1.4 20.03 
271.13 273.43 7.0 1.5 21.38 
268.14 272.95 a 3  1.7 21.40 
271.68 272.02 9.4 3 .0  21.70 
242.13 245.77 8.5 3.3 23.65 
241.25 245.27 7.3 1.9 23.15 
H3.93 245.33 7.6 1.9 21.95 

m . 4 2  m.56 7.2 2.8 20.30 

.5009174 
;5008160 
.5009176 
.5009207 
.5010193 
.5010214 
.5010211 

-15 
-13 
-18 
-31 
-29 
-16 
-17 

i-17 
t 1 5  
t i 4  
t i 3  
+3 
+1 +' 

-13 
-!m 
-17 
-13 
-18 

+96 +851 
+2iQ +358 +no +m +no +358 
+155 +312 
+I55 +312 
+a +284 

.a10577 -35 

.5010537 '?l9 

.5010560 -22 

Nov.7 ._..._ 
Nov.8 ___.__ .... do _...._ ..._ do ..._._ 
Nov.23 ._.__ .... do _...._ _... do ...... 
Nov.23 ...__ .... do ...._. .... do ...... 

~ m . 9  ..__.. 

- 

!all. 

we. 
ma- 

- 
-40 
-29 
-31 
-31 
-25 
-21 
-18 
-15 

-2 
-1 
+7 
-5 
-6 
+3 
- 17 
-11 
-15 
-24 

- 13 
-8 
+a 
-19 
-15 
-5 

-14 - 18 
-18 
-19 
-24 
-23 
-19 

-23 
-4 
+3 
-9 
-a 
+4 
+8 
+5 +a 
+4 

0 

259.02 !284.65 7.3 1.3 22.72 
259.20 2BA34 7.8 2.3 16.55 
m58 26614 7.1 2 .1  l3.95 
28846 271.79 7.5 1.2 1828 

232.24 236.86 9.0 3.8 1545 
232.37 237.76 6.4 3.0 1 2 1 0  
232.92 237.23 8.2 2 .3  13.15 
24514 252.40 8.5 4.1 14.20 
21813 253.14 7.8 3.6 13.55 
248.82 253.32 7.0 2.0 14.90 

287.92 m . 6 6  as 1 . 4  EM 

+2 
0 

-1 
0 

-1 

+9 
+8 
+7 
+8 
+8 
+7 

+I48 +360 
+170 +361 
+170 +361 
+I92 +348 
+I92 +348 

+I28 +356 
+I28 +356 
+152 +350 
+165 +346 
+I65 +348 
+I65 +348 

- 

?la .  
ure. 

- 
-48 
-4s 
-48 
-4s 
-48 
-48 
-4s 
-48 

-40 
-40 
-40 
-40 
-40 
-40 

-26 
-26 
-26 
-28 

-38 
-38 
-38 
-38 
-38 
-88 

-50 
-50 
-50 
-50 
-50 
-50 
-50 

-55 
-55 
-55 
-55 
-55 

-12 
-12 
-12 
-12 
-12 
-12 

Period corrected. 

ClU* 
nometer 
Yo. P4W 

8.  
5oioim 
5010380 
5010176 
5009477 
5009540 
5009562 
5008523 
5009528 

5009212 
-1 
5008209 
5010160 
5010161 
5010176 

mm74 
5009298 
m2M 
5m569 

5 0 1 ~ 0 1  
5010392 
5010396 
5009722 
5oo(no5 
-65 

5006(70 
5009442 
5008539 
5008403 
5010401 
5010451 
5010413 

5O(w130 
5009755 
W 1 3  
m45 
5009464 

5010883 
5010805 
5010888 
5010224 
501- 
5010211 

No. 1841. 

-- 
a. 

.5010181 .5010178 

.5010420 .Ml(NlG 

:gig} .5010888 
.5010885 .5010887 

Dynes. 
979.594 
979.596 

979.5119 

979.588 

979.599 
979.597 
979.602 
979.601 

9 7 9 . m  
979.568 
979.571 

979.508 
979.513 
979.507 
979.506 

979.497 

979.500 

979.500 
979.503 

979.506 
979.507 

979.503 

979.319 
979.319 

979. 316 

Yasn g. 

Dyne*. 

, 979.592 

~ 

*0.001 

I 

*o. 001 , 9'9.*0 

979.569 
*0.001 

f0.001 

, 979.500 
fO. 001 

979.505 

979.318 
*O. 001 t 



NO. no, ~ w n ,  
l'ex.,F.E. OSLd. 

No 311 DamollNo.1, 
Tex.,'F. E. Joekd. 

No 312 Damon No. 2, 
&.;F. E. Joekd. 

No. 313, Daman No. 3, 
'pex., F. E. Joekd. 

lhQ5 80 
17.45 62 
17.65 61 
18.45 63 
19.45 64 
19.80 66 
19.15 69 
19.40 63 

n . 2 0  60 
20.75 57 

Washington D. C., 
Caest and'Geodetlc 
SurwyOmCe, 0. D. 
Cowie. 

.so09911 

.5009815 

. 5 0 1 W  

.So10776 

.5010164 

.5010088 

.SO08854 
.5OW84 

.50085(8 

.50(#~108 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

+3  +is 
+1 +159 
+a +163 
+1 +I63 

0 +la7 
-1 +la7 
+5 +la 
+1 +198 
+7 +193 +s +193 

+ai6 
+316 
+309 +m 
+330 +W 
+a28 
+328 
f330 
f330 

N o v . ~ ~ . . .  .. 252.76 
Nov.!a ..-.. 255.23 
,....do ...... 231.07 
N m  .27..... P2.51 
, .__.do _..... 246.47 
Nov.28 ..... 248.32 
,....do ....... a5286 
Nw.29 ..... 'ZS5.10 
,....do ___.._ ZW.66 
N0v.m ..... 293.M 

wC32 
a57.92 
234.85' 
235.04 
250.78 
251.03 
B8.69 
287.93 
300.31 
296.98 

BO 
B7 
B7 
B8 
B8 
A5 
A5 
A6 
A6 

a 4  
a 7  
a5 
a 5  

a9 
9.1 

8.3 
7.0 
7.2 
7.4 

6 9 D  
D 
D 
D 
D 
D 
D 
D 
D 
D 

+ll 
+10 
+6 
+9 
+7 
+4 

+167 +379 
+167 +379 
+124 +359 
+155 +344 
+155 +344 
+161 +a57 

16.aO 
14.05 
17.05 

16.50 
17.10 

I t 1 0  
11.45 
9.70 

13.00 
14.95 
11.65 

1 8 9 s  

7.3 
7.3 
8.3 
7.1 
9.1 
7.1 

50 .SO10957 
51 .5011017 
56 .I11023 

56 .50lW56 
58 .I10339 

55 ,5009987 
56 .I10111 
5.9 .I10129 
57 .EO10917 
61 .5011063 
62 .5011071 

53 . a i m 1 3  

7.4 
6.6 
8. 4 
9.0 
9.0 
7.0 

Drc.113 _..... .... do ...__. 
,__..do ...... 
..... do _...._ Dae.17 ...... 
.... do.. .... 

7.6 
7.0 
8.7 

8.6 
9.0 
9.5 
9.2 
8. 9 
7.8 
7.7 

a4 
a2 

228.66 232.36 7.0 
221.42 82.63 7.3 
227.30 !232.28 7.1 

241.90 %98 6.8 
242.82 246.69 7-7 

%!A30 246.94 6.8 

1.9 
1.6 
2.0 
1.7 
1.8 
1.8 
1.3 
1.2 
1.2 
1.5 

2.5 
2.7 
2.7 
3.0 
2.4 
1.8 

1.9 
2 7  
3.1 
1.8 
3.3 
2.9 

2.0 
2.0 
1.8 
2 9  
2 6  
1.0 

2 4 
2 4  
2.6 
2.4 
2.5 
2.4 
2.1 
2 3  
1.8 
2.2 
1.5 
2.0 - 

B9 
B9 
8 9  
8 7  
8 7  
B7 

D 
D 
D 
D 
D 
D 

Dee. 19 .._... 
Dec.20. .-... ...._ do ....._. 
,....do .____. 
Dec.21...... .... do .....- 

m.83 252.21 
247.76 25230 
247.33 252.42 
229.50 229.86 
pg.48 229.32 
P a 3 2  m.24 

+6 
+6 
+3 
+5 
+2 

0 

.I10782 

.5010770 

.5010786 

.5010154 

.5010143 

.5010144 

.5008933 

.5009921 

.5009924 

.501lmo . 5010828 

.5010882 

+ P 7  +287 
+lo0 +295 
+loo +295 
+253 +28 
+I28 +288 
+128 +288 

-2u 
-19 
-21 
-19 
-2a 
-21 
-16 
-12 
-12 
-15 

-18 
-20. 
-20 
-24 
-17 
-14 

-16 

-27 
-15 
-32 
-21 

-17 
-15 
-2u 
--29 

-11 

-al 
-18 
-25 
-23 
-23 
-23 
-24 
-% 
-23 
-24 
-16 
-18 

-m 

-n 

- 

1265 
9.05 

11.20 
11.60 

1265 
8 4 0  

-5 
-7 
-7 

-10 
-12 
-13 
-173 - 184 
-240 
-258 

-3 
+3 
-6 

-11 
-4 
-6 

+11 + 10 
+15 
+6 

0 
+9 

+7 
+I7 
+I1 
+lo + 1.9 
+7 

- 13 - 13 
-13 - 13 - 13 
-13 
-196 
-!am 
-210 
-228 
-243 
-242 - 

61 .5010138 
51 .5010165 
52 .501011 
54 ..w10428 

58 .501w 
55 .so10407 

8 9  
B9 
B9 
B8 
8 8  
8 8  

D 
D 
D 
D 
D 
D 

D W . ~  .._.. 
..;.do _._.._ 
._..do ..._.. 
Dec.29 ...... .... do ...... .... do ._..._. 

247.10 254.02 
246.44 255.96 
246.60 253.86 
M 2 4  247.58 
240.72 248.62 
240.72 246.66 

+lO 
+9 
+9 
+7 
+6 
+4 

-13 
-13 
-13 
-13 
-13 
-13 
-13 - 13 - 13 
-13 

-56 
-56 
-56 
-56 
-56 
-56 

-U 
-41 
-41 
-41 
-41 
-41 

-a 
-30 
-30 
-30 
-30 
-3a 

-15 
-15 
-15 - 15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-13 - 

+laS +471 
+129 +471 
+116 +413 
+I44 +m 
+144 +466 
+la +417 

.Emam 

.5008838 

.Eo10988 

.EO10898 

.5010301 

.EO10227 

.ma856 

. m 4  

.ma434 

.mM57 

.5011058 

.5011121 

.sol l07l 
.5010386 
.501ou1 
.5010128 

.50101s1 

.5010166 

.E410179 

.5011125 

.W11118 

.awl1144 

+24 
+!a 
+17 
+I5 

+I6  
+!23 
+19 
+19' 
+17 
+24 +a 

+ i 7  

. Ilrn 

.5010275 

.501012 

.I10530 

.5010518 

.SO10546 

911 m 
+397 + P 4  
+397 +!a4 
+382 +28a 
+382 +3Z 
+a5 +n4 
+415 +274 
+371 +250 
+ a 1  +259 
+381 +wI 
+381 4-240 
+374 +259 
+374 f259 

411 
.5008585 
.5olm55 . m 1 m  
.5008186 
.mm 
.5007891 . ms413 
. m 9 6  
.5Mi6719 
.5008739 
.Xm6364 
.5006363 

ew, 
.tki€law 

.SO08166 

.5lm$?12 

.5007803 

.5007919 . m w  

. m 1 0  

.50(16888 

. W 7 6 9  

.500$348 .- 

.5008854 
.5008886.5008870 

.5008178 

.5008199 

.5007894 

.mm 

.5008408 

.500s403 

.so06704 

.so06740 

.5M)6356 

.suoma 
1 

19.67 
19.70 
19.70 
19.70 
19.67 
19.60 
1fA75 
19.85 
20.02 
%P 
m 8 1  
%Bo 

979.295 

979.281 

979.240 

979. BS 

979.219 

979.224 

979.197 

979.191 

979.190 

. . . . . . -. . . . . . -. . . . . . . . . . . -. . . . . . . . . . . . . . . -. . . . . -. . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . ..- ...... . . . . . . . . . . . . . . . . . . 

811 
35 .M92 
37 .mSa 
44 ..%XI7844 
46 .500'1840 
43 .50075% 
4R .5007511 
40 .!%OS254 
4.4 ..%XI8247 
44 .NO6567 
46 .50065915 
39 .5w6240 
41 .5oMIua 

.I 



Me8Uperiods. 

DDte. Bronze pendulums. I Invarpendulums. Okrerrer. 

C. L. Gamer. 
Do. 

Msx Stebberg. 
Do. 

June lois ...._.._.... I a . 1 8 .  aWOg(m awo8632 i a . I s .  a5oM294 ...._....._ 1 8 .  _.._.__..._ ' 8 .  _........._ 1 8 .  _._......._ 
Jm& 1917.. -. . ... .5008281 . .. . . . . . . . . . . . . . . . . . . - .. . . . . . .. . - . .__._. . .. . 
JUIW iefs ..._._...... ..._....... ..._..__.__ ._......... as~)s265 amiea ammm _.._.....__ 
J ~ ~ , 1 9 1 7  ............................... ........._. .wos281 .5CQ7ZOB .5007M1 ........... 

Mal.... ...... ,5008385 .5006838 .11o08280 .50mpm3 .wcnaoa . m 1 8  ........... 
February-March, 1917. .._. __. . . . . _.._... __. . . .. . -. . . . . . .5008283 .5o01059 . . . . . . . . . . - 
September. 1919. - _ _  -. .5ooRlop .5w872l .SOOBUU) . ._ -. . . . . . . . . . __. . . . . . . -. . . . . . . . . . . . . . _. -. . . 
aannary 1 m  _......_ .5oc%423 .mno .500(1379 
August;l 92l._.._..... ..._.___... .._.._..__. ...__.____. .........._ __._._...._ ........... 0.500886(1 
January 1922. ..._. .. . . Soosraa .5MW730 .XW370 ... . ._. . . . . . . . . . . . . .. . . _. . . . ._. . . . 
M a p ,  Ida... . . . -. . . -. .- .W7% .wM)367 . . . . . . . . . . . . . . . . -. . . . . . . . -. . . . . . . .6ODW8 
Jsnusrp, 192(. ._.. ._. . .- .5008728 .5008384 . _. . ._. . . . . . . . .. -. . . . . . . . . . . . . . . . . !i@l%62 

Mean. ... . . . . . . . .5ooBu6 .5W3727 . M08960 _. . . . . ._. . . . . . . . -. - - - . . -. ._ . . . . . .5008881 

.wo838a .6oowa5 

---___-___-- 
-.__-- . sM)?2Bg 

._.. .. .. ... .. . .. .._.. . . ._ .. . .. .._ ... .. ...... 

--- 

Do. 
E. W. Etckelbeg. 

Do. 
0. D. coffie. 

Do. 
F. E. Joekel. 
0.D.Coale. 

........_.. a . i a .  ........... . . . .. -. . -. . . .. . . . -. -. . _._.....___ ___.____... ........... .........._ 

. . . . . . . . . . . . . . -. . . . -. . . . . . . . . . . . . . . . . . . . . . . . 
O.woSl93 0.5MnBOa 

.50118180 .5007697 

.5008188 .5owsoO 

.5008188 . wO1800 

. JooslSO .XUl899 

........... .........._ -- 

..... .. .... ..... ._..._ 

-- 

* Bet- the stmdardimtloaa oi Jsnuarp and February-March W17, B rivet wan Inserted In each bmnm pendulum to mak~ ths comecth 

DESCRIPTIONS OF STATIONS. 

The following descriptions are given in sufficient detail to enable one to find the locations 
of the stations within a few feet horizontally and within a foot or two vertically in each case. 
It is not necessary to preserve the exact spot at which the pendulums were swung, as the varia- 
tion of gravity in a distance of a few feet is too small to be detected with the present type of 
gravity apparatus. 

At a large number 
of the stations the receiver was mounted on a concrete floor with only a brick or small concrete 
block under each footplate. These bricks or blocks were necessary to give room for the bottom 
piece of the feltrand-leather case used to protect the receiver against temperature variations. 
A concrete floor makes a very satisfactory support for the instrument, and if a station is located 
in a town it is almost always possible to find a cellar or basement with a concrete floor that can 
be used for a pendulum room. At several of the recent stations the receiver was mounted on an 
aluminum tripod partly embedded in the ground. 

. If it is desired to know the name of the observer who established the station, the alpha- 
betical index of stations on page 91 should be consulted. 

No. 220, Bellingham, Wash. (1916).-Fedd Building, engineer's room in the south end of the basement. 
The receiver was mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 221, Everett, Waah. (1916).-Pat office at comer of Colby and Wall Streeta, north basement room. The 
receiver waa mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 222, Issaquah, Wrtsh. (1916).-Publi~-echool buiiding, coal mom. The receiver was. mounted with a 
amall concrete block under each footplate cemented to the concrete floor. 

No. 223, Port Angeles, Wash. (1916).--Clallam County courthouse on Lincoln Street between Third and Fourth 
Streets, northernmost basement room. The receiver WBB mounted with a small concrete block under each footplate 
cemented to the concrete floor. 

No. 224, Port Townsend, Waah. (1916).-Federal Building on Hameon and Washington Streeta, north- 
basement mom. The receiver waa mounted with a small concrete block under each footplate cemented .to the conevte 
floor. 

Xo. 226, Port Chmble, Waah. (1916).-Hotel Puget annex, southeast comer of storeroom under and just to the 
left of the entrance. The receiver waa mounted with a small concrete block under each footplate cemented to the 
concrete floor. 

No. 226, Bremerton, Waah. (1916).-Smith graded achool on Park Avenue and Evergreen Street, about 1 mile 
northwest of the boat landing, southwest brtsement room. The receiver waa mounted with a small concrete black 
under each footplate cemented to the concrete floor. 

No. 227, Tacoma, Wash. (1916).-Federal Building on A Avenue between Eleventh and Twelfth Streeta, 
stareroom in north end of basement. The d v e r  waa mounted with a small concrete block under each footplate 
cemented to the concrete floor. 

b&wwn bob end rtem more rigid, Thi c a d  smsll chsllges In the standardization periods. 

The support used for the receiver is given at the end of each description. 

(See p. 56). 
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No. 228, Xoclipa, Wash. (1916).-Publi&ool building, south part of furnace room. The receiver was 
mounted with a d l  concrete block under each footplate cemented to the concrete floor. 

No. 229, Portland, Oreg. (1916).--Cuatomhouse on Park Avenue and Davia Street, northweat bssament room 
formerly wed for ccal and wood. The receiver waa mounted with a small concrete block under each footplate cemented 
to the concrete floor. 

No. 230, Tillernook, Oreg. (1916).--Tillamook Hotel, southweat basement room. The receiver WBB mounted 
with a amall concrete block under each footplate cemented to the concrete floor. 

No. 231, Newport, Oreg. (1916).-High echool, center room in south side of bawment. The receiver waa 
mounted with a amall concrete block under each footplate cemented to the concrete floor. 

No. 232, Eugene, Oreg. (1916).4unior High School on Olive Street near Fourteenth Avenue, southeast 
baaement room. The receiver waa mounted with a small concrete block under each footplate cemented to the con- 
crste floor. 

No. 233, Xazahfiedd, Oreg. (1916).--B[igh School at the head of Hall Street, amall baaement room adjoining 
m d  directly north of furnace. The receiver was mounted with a small concrete block under each footplate cemented 
to the concrete floor. 

No. 234, Glendale, Oreg. (1916).--Concrete building belonging to B. 8. Radcliff, about 100 meters south of 
reilroad station, southeast room. The receiver was mounted with a amall concrete block under each footplate cemented 
to the concrete floor. 

No. 235, Tehame, Calif. (19lS).-Weat store of Clark Building belonging to Henry Clark. The receiver waa 
mounted with a amall concrete block under each footplate cemented to the concrete floor. 

No. 236, Sacramento, Calif. (1916).-Pwt office, small storeroom in basement directly east of furnace room. 
The receiver waa mounted with a d l  concrete block under each footplate cemented to the concrete floor. 

No. 237, Willit., Calif. (1916).-concrete building belonging to H. C. Mohn, about 75 metera south of Hotel 
Willits, weut end of north storeroom. The receiver waa mounted with a amall concrete block under each footplate 
cemented to the conmte floor. 

No. 238, Eureka, Calif. (1916).-Fedd Building and post office, storeroom in center of north side of base- 
ment west of the main lobby entrance to the baaement. The receiver waa mounted with a smell concrete block under 
each footplate cemented to the concrete floor. 

No. 239, sent8 &ma, Cdf. (1916).-P& ofice, northweat basement room. The receiver WBB mounted with 
a small concrete block under each footplate cemented to the concrete floor. 

No. 240, San Mego, Calif. (1916).-Poet office on F and Union Streeta, corner of the paasage leading from the 
boiler room to the northeast room of the basement, near the door to the latter room. The receiver was mounted with 
a brick under each footplate cemented to the concrete floor. 

No. 241, Ocesnslde, Calif. (1916).-CarIsbad Union High School, a onestory concrete building on Horn and 
F h t  Streets, west comer of the bailer mom in the basement. The receiver was mounted with a brick under each 
footplate cemehted to the concrete floor. 

No. 242, IHighland, Calif. (1916).-Congregational Church, center of small furnace room at the center of the 
east eide of the basement. The receiver was mounted with a brick under each footplste cemented to the concrete floor. 

No. 243, Pomone, Calif. (1916).-City Hall, furnace room in southwest comer of building. The receiver waa 
mounted with a brick under each footplste cemented to the concrete floor. 

No. 244, Long Beech, Calif. (1916).-Pwt ofice on Pine Avenue between Fifth and Sixth Streets, southeast 
comer of northeast basement room. The receiver waa mounted with a brick under each footplate cemented to the 
concrete floor. 

No. 245, Redondo Beech, Ca.lif. (1916).-Union High School, small room under the main stairway of the north- 
weat wing. The receiver waa mounted with a brick under each footplate cemented to the concrete floor. 

No. 246, Burbank, Calif. (1916).-Union High School on Second and Cypreae Streets, small basement room 
adjacent to the southeast side of the furnace. The receiver waa mounted with a brick under each footplate cemented 
to the concrete floor. 

No. 247, Pakadale, Calif. (1916).4. C. Moore's general store, about 200 feet east-southeaat of the Southern 
Pacific Railroad Station, small cellar under southeast comer nf store. The receiver was mounted with a brick under 
each footplate cemented to the concrete floor. 

No. 248, Mojave, Calif. (1916).-A. Asher's general store, 100 feet east of the north end of the Southern Pacific 
Railroad Station, cellar. The receiver was mounted on a brick pier with a brick under each footplate cemented to 
the pier. 

No. 249, Maricopa, Calif. (1916L-Bank of Maricopa, east aide of basement just north of the vault support. 
The receiver was mounted with a brick under each footplate cemented to the concrete floor. 

No. 250, Ventura, Calif. (lhlS).-Ventura County courthouse. northeast corner of basement. The receiver 
wna mounted with a brick under each footplate cemented to the concrete floor. 

No. 251, Concepeion, Cslii. (1916).-Light keeper's residence, cellar under northwest end. The receiver waa 
mounted with a brick under each footplate cemented to the concrete floor. 

No. 252, Avila, Calif. (1916).-Houee occupied by Charles Stuart, north end of cellar. The house is on a slope, 
md although the south end of cellar floor is flush with ground the north end ia 10 feet below surface. The receiver 
UU, mounted with a brick under each footplste cemented to the concrete floor. 
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No. 263, San Lucaa, Calif. (1916).-Pleasant View Hotel opposite Southern Pacific Railroad Station, south 
end of basement. The receiver was mounted with a brick under each footplate cemented to the concrete floor. 

No. 264, Montemy, Calif. (1916).-Volunteer fire house, d l  sub-basement cut out of solid rock. The receiver 
was monnted with a brick under each footplate cemented to the concrete floor. 

No. 265, Hollister, Calif. (1916).--Hall of Records Building of San Benito County, vault in basement. The 
receiver was mounted with a brick under each footplate cemented to the concrete floor. 

No. 266, Palo Alto, Calif. (1916).-Post office, north comer of baaement. The receiver waa mounted with a 
brick under each footplate cemented to the concrete floor. 

No. 257, San Gregorio, Calif. (1916).-San Gregorio Hotel pump house, a amall twostory building surmounted 
by a tank and viindmill about 400 feet west of the hotel, northwest end of room. The receiver was mounted with a 
brick under each footplate cemented to the concrete floor. 

No. 258, Point Reyes Station, Calif. (1916).4randi Co. Building, south end of basement. The receiver 
waa mounted with a brick under each footplate cemented to the concrete floor. 

No. 259, DuncansMills, Calii. (1916).4amge belonging to Doctor Raynes of the Orchard Hotel. The receiver 
was mounted with a brick under each footplate cemented to the concrete floor. 

No. 260, Clarksburg, W. Va. (1917).-Pmt office at comer of Pike and South Third Streets, center of small 
basement room under the stairway leading from the north entrance to the basement. The receiver WBP mounted 
with a brick under each footplate cemented to the brick floor. 

No. 261, Rowlesburg, W. Va. (1917).-High school, northwest comer of physics laborstory in northeast comer 
of mat. The receiver was mounted with a brick under each footplate cemented to the concrete floor. 

No. 262, Terra Mta, W. Va. (1917).-Brick grammar school, near foot of stairway leading from main entrance 
to boys’ toilet in basement. The receiver was mounted with a brick under each footplate cemented to the concrete 
floor. 

No. 268, Corinth, W. Va. (1917).--Raaidence of S. K. Elsey, about 250 feet south of the Baltimore &: Ohio Rail- 
road tracks and 700 feet northwe& of the station, cellar. The receiver was mounted on a brick pier with a brick under 
each footplate cemented to the top of the pier. 

No. 264, Kitmiller, IKd. (1917).-Methodist church, west comer of basement. The receiver was mounted 
with a brick under each footplate cemented to the concrete floor. 

No. 266, Pennington, N. J. (1917).--Residence of Mrs. M. E. Rnowles at 124 North &in Street, d l  room 
in northeast comer of cellar. The receiver was mounted with a brick under each footplate cemented to the concrete 
floor. 

No. 266, Glen Ridge, N. J. (1917).-High school, center of room on the south or Bloomfield Avenue ride of 
the basement just south of the boys’ toilet. The receiver waa mounted with a brick under each footplate cemented 
to the concrete floor. 

No. 267, PIa.inaboro, N. J. (1917).-Mdence of Louie B. Okeson, immediately west of the Okeson garage, 
center of south mom of cellar. The receiver was mounted with a brick under each footplate cemented to the concrete 
floor. 

No. 268, Hartford, Conn. (1917).4arvis laboratory of Trinity College, room in baeement immediately west of the 
Public Utilities Commitmion room. The receiver was mounted on the north one of two similar brick piera which are 
capped with m k v e  flat stones. A brick waa placed under each footplate and cemented to the top of the pier. 

No. 269,HillCity, 8. Dak. (1919).-Town jai1,abrickbuildingEfeet equareabout550feet south of qechicago, 
Burlington BE Quincy Raihmd Station. The receiver was mounted with a brick under each footplate cemented to 
the concrete floor. 

No. 276, NeyxatIe, Wyo. (1919).4ounty courthouse, hallway in baeement between county agriculture agent’e 
room and coal room. The receiver was mounted with a brick under each footplate cemented to the concrete floor. 

No. 271, Bridgeport, Nebr. (1919).-Post office, northeast corner. The receiver was mounted with a brick 
under each footplate cemented to the concrete floor. 

No. 272, Buford, Wyo. (1919).-Residence of C. H. Sargent, maintainer on the local section of the Union PacifKc 
Railroad, northwest comer of celiar. The receiver was mounted with a brick under eclch footplate cemented to the 
concrete floor. 

No. 273, Boulder, Colo. (1919).-Mountain StatesTelegraph BE Telephone Co.’s Building, northwest corner of 
south room of basement. The receiver waa mounted with a brick under each footplate cemented to the concrete floor. 

No. 274, Lafayette, Colo. (1919).-Baptist church on Cleveland Street and Rooeevelt Avenue, southwest comer 
of basement. The receiver was mounted with a brick under each footplate cemented to the concrete floor. 

No. 276, Brighton, Colo. (1919).--(Name of building not stated in description.) The ststionisin the baeement 
under the northeast comer of the building. The receiver was mounted with a brick under each footplate cemented 
to the concrete floor. 

No. 276, Idaho Springs, Colo. (1919).-Manual Training Building, at the comer of Colorado Avenue and F o w  
teenth Street, northeaut comer of small room in baaement just south of the stairway. The receiver was mounted with 
a brick under each footplate cemented to the concrete floor. 

No. 277,FortMorgan, Ala. (1921).-Powdermagazine room, southwest comer, justwest of thewest gunof Battery 
Duportail and south of the ammunition hoist. The receiver wau mounted with a brick under each footplate cemented 
to the concrete floor. 
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No. 278. Chandeleur bland, La. (192l).-Boathouse of theU. 5. LightHouse Engineers at Chandeleur Light 

Station, about 70 metera south of the lighthouse. The boathouse is supported on pilee which are in water at high tide. 
The receiver wss mounted with a brick under each footplate cemented to the wooden floor. 

No. 270, Port E&, La. (192lj.-Longitude observing tent on fill back of the first quarters up theriver from the 
power plant and about 300 feet from the river. The receiver wss mounted on a pile, the southwest one of four used 
ae anchm for the wirelesa pole, which is about 150 feet to ?he eastward. 

No. 280, Burrwood, La. (1931).-Tent inthe middle of a small field muthof the water tank andsfeet southeaat 
of a.bunk house. The receiver waa mounted on an aluminum tripod partly embedded in the ground. 

No. 281, Fort St. Philip, La. (192l).-Magmine about 150 feet northwest of the end of the treatle leading to the 
dock and near the southwest one of two small gun positions, the farthest west of all the gun positions at the fort. The 
receiver wm mounted with a brick under each footplate cemented to the concrete floor. 

No. 282, Pointe ala m e ,  La. (1921).-Psrish jail, a brick buildingat the rear of the courthouse, about250feet 
from the levee, southeast comer of the lower northwest cell. The receiver WBB mounted with a brick under each foot- 
plate cemented to the concrete floor. 

No. 283, Timbalier bland, L a  (1921).--Main dwelling house of the d h n t l e d  1906light station at the eaat end 
of the island, southeast comer of the w a t  room. The house is supported on posta and haa heavy plank floors. The 
d m  waa mounted with a brick under each footpkte cemented to the wooden floor. 

No. 284. X o g a n  City, La. (l%?l).--City hall, amall room between the office of the city engineer and the sleep- 
ing quartere of the firemen. The receiver a m o u n t e d  with a brick under each footplate cemented to the concrete floor. 

No. 286, Sabine, Tex. (192l).-Longitude observing tent in an open field about 40 meters due eaet of the north- 
east corner of the Southem Pacific Railroad Station. The receiver waa mounted on an aluminum tripod eet on large 
etonee sunk la  feet in the ground. 

No. 286, Beaumont, Tex. (1921).-P&office, amall alcovein W e n t  between the Mer room and the rest 
room at the north comer of the basement. The receiver waa mounted with a brick under each footplate cemented 
to the concrete floor. 

Nos. 287 to 295, inclusive, have not been finally computed. (See p. 55.) 
No. 206, Wilkinn Well, Kana. (1922).-Tent at an abandoned oil well of the s~me name about 15 miles northweat 

of Junction City, about one-fourth mile northeast of Swsrtz’a farm and one-fourth mile southeaat of Jones’s farm, in 
the NE. f BBC. 26, T.ll S., R. 3 E., in a.cu1tivat.d field owned by hfr. Wilkins, about 200 feet eaet of the road legding 
from Sutphen Mill toward Clay Center. The receiver waa mounted on a 12 by 14 inch oak beam 12 feet long solidly 
embedded in the earth. 

No. 207, Zeandale (Bad Well), 5. (1922).--8choolhouae in T. 10 S., R. 9 E., about oneeighth mile north 
of Bard Well, northeast anteroom. The receiver WBB mounted on the wooden floor. 

No. 208, Doyle Well, Kana. (1922).-Tent about 14 miles from the town of St. h r y a ,  BC~OBB the road from the 
Doyle farmhouse, in SW. f ~ e c .  4, T. 10 S., R. 12 E., in a pasture 150 feet mouth of Doyle’s well, which waa drilled 
by J. J. Crawford, of Toronto, Ohio. The receiver waa mounted on a concrete pier fluah with the ground. 

No. 200, Seneca Well, Kana. (1922).-Tent at the northeast edge of the town of Seneca, acmw the road from 
the b d e n c e  of Mr. Voss, about 50 feet south of the old well casing and 75 feet southesat of the corn& of a barbed- 
& fence. The receiver waa mounted on an aluminum tripod partly embedded in the ground. 

No. 300, Wapanucka, Okla. 1922).-Tent acm the street from the Harri~ Hotel, in the northwest comer of a 
quare occupied by the buildings of an abandoned lumber yard, between the office building on the north side of the 
aquare and the shed on the west side. The receiver waa mounted on an aluminum tripod partly embedded in the 
ground. 

No. 301, m y ,  Okla. (1922).-Abandoned gin on the east side of the railroad track just south of the main road 
c d n g .  The receiver WILB mounted on the oak beam, 14 inches quare, which form the base of the gin prese. 

No. 302, Idle Wilde, Okla  (1923).--Reeidence of E. J. Cruce, Idle Wilde Dairy, about 4 miles north of Ardmore, 
in sec. 8, T. 4 S., R. 2 E., basement. The receiver.waa mounted on an aluminum tripod partly embedded in the 
gmund. 

No. 303, Lowery, Oh. (1922).-Tent in SE. 3 m. 4, T. 4 S., R. 3 W., 150 feet west of Pure OiI Co. pump house, 
100 feet northeast of Lowery well No. 29 (abandoned) and 75 feet from well No. 30. The receiver waa mounted on an 
aluminum tripod partly embedded in the ground. 

NO. 304, Carter ,  Okla  (1922).-Tent in SE. 3 m. 19, T. 4 S., R. 3 W., on the Carter Oil Co. tank farm 3 miies 
muth of Dundee, 150 feet northeast of farm manager’s house, about 50 feet from center of road and 25 feet from fire wall 
of tank farm. The receiver wss‘mounted on an aluminum tripod partly embedded in the ground. 

No. 306, Busby, Okla. (1922).-Tent in SW. t eec. 9, T. 3 S., R. 3W., on land owned by Mollie C. Buaby, about 
200 feet northwest of her house, in the corner of a barbed-wire fence just outside the garden. The receiver waa mounted 
on an aluminum tripod partly embedded in the ground. 

No. 306, Saline No. 1, Tex. (1922).-Tent about mile south of Grand Saline on the road leading south from the 
Texas & Pacific Railway Depot. The station is in a pssture owned by W. P. Robertson, of Grand Saline, about 400 
feet from the m d ,  800 feet northeast of a white house, and 75 feet south of a barbed-wire fence, near the bank of a small 
mn. The receiver was mounted on an aluminum tripod partly embedded in the ground. 

No. 307, Saline No. 2, Tex. (1923).-Tent about 2+ miles east of Grand Saline, on the road to Mineola and 24 
miles k t l y  eaet of Saline No. 1, on a well-defined hill back of a farmhouse and barn, about 50 feet north of the north- 
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east comer of a cow lot and 15 feet northwest of a large oak tree. The property is owned by W. P. Roberteon, of Grand 
Saline, and rented by hfoseley. The receiver waa mounted on an aluminum tripod partly embedded in the ground. 

No. 308, Saline No. 3, Tex. (1922).-Tent about 2) milee directly weat of Saline No. 1. To reach station from 
Grand Saline follow Terrell Road aa far as the 2-mile sign, turn to the left acrcm railroad and proceed about mile, then 
turn to the right and follow road about + mile to a farmhouse on the left. The station is i n  a pasture east of a cotton 
field about 600 feet east of the house and near the bank of a Small run. The receiver waa mounted on an aluminum tri- 
pod partly embedded in the ground. 

No. 309, Taylor, Tex. (1922).4ty Hall, southwest comer of a room in the basement used aa a wadmom by the 
h e n ,  the second mom from the baaement entrance on the eouth. The receiver "a mounted on the concrete floor. 

No. 310, Georgetown, Tex. (1923).-Suence Building of southwestern University, aoutheaet comer of a room 
used aa tt d o  laboratory in the aoutheaat corner of the building. The receiver waa mounted on the concrete floor. 

'No. 311, Damon No. 1, Tex. (1922~.--coUntry schoolhouea known aa Bethel School in the east comer of the 
north quarter of section 116 of the H. and T. C. Survey, near the center of the northeast wall in the mein school- 
room. The receiver waa mounted on the floor. 

No. 312, Damon No. 2, Tex. (1932).-Barn ahed on Mulchay place juat back of the ranch house occupied by Mr. 
R h d e s .  The receiver was mounted on an aluminum tripod partly embedded in the d. 

No. 313, Damon No. 3, Tex. (1923).-Tent, in d y  pasture, about 1,OOO feet directly eouth of the west come? 
of the l ~ - a c r e  plot belonging to Jama Ptsk. The receiver waa mounted on an aluminum tripod partly embedded in 
the earth. 
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