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INVESTIGATIONS . OF GRAVITY AND ISOSTASY. 

By WILL- BOWIE, Chief of the Division of Geodesy. 

For a number of years the United States Coast and Geodetic Survey has been carrying on 
geocletic investigations of isostasy, with special refere.nc.e to tlie effect of the isostatic compen- 
sation upon the deflection of the vertical and the intensity of gravity. 

Four reports on these investigations have appeared, the first one in 1909 and the last in 1918.a 
The h t  two cledt with the determination of tlie figure of the earth from deflections of tlie 

vertical in the United States, corrected for topography and isostatic compensation. In the 
last two there were given the results of the investigation of the effect of topography and isostat.ic 
compensation upon the intensity of gravity a t  stations mostly in the United States. 

The present volunle gives tlie results of further study of the relation between gravity and 
isostasy. In  i t  are embodied the gravity data resulting from the previous work. In the sec.olid 
gravity report 124 stations in the United States were considered, while in the investigation of 
which this volume is a report there are listed 219 gravity stations ia the United States, 42 
stations in Canada, 73 stations in India, and 40 others, principally in Europe. The ~aiaclian 
stations were established by F. A. McDiarmid, of the Ge~clet~ic Survey of Canada. He reduced 
tliose stations for topography and isostatic compensntion after tlie method described in Special 
Publication No. 10. The late director of the Geodetic Survey of C~iacla, Dr. W. F. King, gener- 
ously furnished to the United States Coast and Geodetic Survey the results of their work for 
incorporation with tlie United States stations in some phases of this investigation, previous to 
their publication in Ctmacla. 

This report has as its main features: 
1. The observed value of the intensity of gravity a t  stations in the United States, Canada, 

Indin, and Europe ancl at  a few scattering stations. 
2. Discussions of the relations between the gravity anomalies ancl tslie topography, the large 

arem of erosion and deposition, the geological formation as indicated by the surface rock at 
the stations, and the elevation of the station. . 

3. The regional versus the local distribution of isostatic c.ompensation. 
4. The determination of a gravity equation, the earth's flattening, and the depth of com- 

pensatio~i upon each of several assumptions. 
5. Sunmaries of the results of the field observations with the pendulums. These furnish 

a basis upon which to judge the ac.curacy of the determination of the intensity of gravity at  
the various. stations. 

6. The illustrat8ions in the pocket at  the back of the volume, which give graphically much 
data resulting from this investigation. 

There are other lines along which investigations might have been made. Some of these 
may be ~uidertakeii a t  a later date as more data become available. One of these is the detailed 
study of certain regions where there are gravity and deflection stations and where the eviclence 

-- 

a Figure of the Earth and Isostasy Imm Measurements in the United States,'by J. F. Hayford, 1M)9, Supplementary Investigatim in 19G?J 
of the Figure of the Earth and Isostasy, by J. F. Hayford, 1910; Effect Of Topobmphy and Isostatic Compensation opon the Intensity of Gravity, 
by J. F. Hnyforrl and William Rowie (Special Publication No. lo), 1912; same title, second paper, by William Rowie (Specid PublicatimNo. 12), 
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points to strong locd disturbances or causes which change the size and sign of the gravity 
anomalies at  stations grouped comparatively close together. This phase of the subject is an 
important one and has been urged upon the Survey by several scientists of note. 

It is hoped that many of those who are interested in the subject of isostasy will use t,he 
data contained in this and similar publications of the Survey for detailed study and investigation. 
I t  is'only in this way that the data collected and published can be fully utilized. The time 
which can be placed on this work by nlembe~s of the.Survey is necessarily limited, because of 
many other lines of duty calling for prompt attention. 

It is believed that i t  is clesirable to publish prompbly the observed values of the 
intensity of gravity and the reductions for topography and isostatic qompensation rather than 
to delay for eshaustive detailecl studies. 

The author desires to espress his appreciation of the important part taken by a nuniber 
of the members of the Survey in the investigations covered by this report and in the preparation 
of the report itself. Especid credit is due Conlputers W. D. Lambert, Sarah Beall, H. G. 
Avers, C. H. Swick, E. F. Church, and G. E. Selby. 

Assistants C. L. Garner and J. D. Powell deserve much credit for the efficient way in 
which they carried on the field work while establishing the 94 new stations. They did this work 
with great accuracy .and economy. They dso assisted in the office reductions. 

As far as possible this report follows the general plan of the two previous gravity reports 
of the Survey. As the miter is the author of the second of those reports ancl a joint author 
of the first, some of the statements ancl definitions contained in .the test of this volume map 
be similar to those in the former reports. Ucder the circunlstances it is not necessary to 
set them off from the other test. 

111 Part I of this volume are given the results of the investigations, and in Part I1 the 
abstracts or summaries of observations in the field and the descriptions of the stutm .7 1011s. 

Ailyone wishing to make a detailed study of the subject covered by this report should con- 
sult the four reports whose titles are given in the footnote on page 5. They may be obtained 
through the Division of Publications of the Department of Commerce, Washington, D. C. 



Part I.-INVESTIGATION OF GRAVITY AND ISOSTASY. 

Chapter I.-DEFINITION OF TERMS AND EXPLAITAT1014 OF METHODS OF COMPUTATION 

ISOSTASY DEFINED. 

If the earth were composecl of hon~ogeneous material, its figure of equilibrium, under the 
influence of gravitation a and its own rotation, woulcl be nn ellipsoid of revolution. 

The earth is composed of heterogeneous lllaterinl which varies considerably in density. 
If this heterogeneous materittl were so arrangecl that its rlensity at  any point, depenclecl simply 
upon the depth of that point below the surface, or, more accurately, if all the material lying 
at each equipotential surface (rotation coasiclered) were of one density, a state of equilibrium 
would exist, and there would be no tendency towarcl a rearrangement of masses. The figure of 
the earth in this case would be a very close approsirnation to an ellipsoid of revolution. 

If the heterogeneous material composing the earth were not arranged in this manner at the 
outset, the stresses produced by gravity woulcl tencl to bring about such an arrangement; but 
a; the material is not a perfect fluid, since it possesses considerable viscosity, at least near the 
surface, the rearrangement will be imperfect. In the partial rearrangement some stresses will 
still remain, clifferent portions of the same horizontal stratum may have somewhat different 
densities, and the actual surface of the earth will be a slight departure from the ellipsoid of 
revolution in the .sense that above each region of deficient density there will be a bulge or bump 
on the ellipsoi13,- and above each region of ,excessive density there. will be a hollow, .relatively 
speaking. The bumps on this supposed eart.h will be the mountains, the plateaus, the conti- 
nents, and the hollows will be the.oceans. The excess of material represented by that portion 
of the continent which is above sea level will be compensated for by a deficiency of density in the 
underlying material. The continents will be floated, so to speak, because they are composed 
of relatively light material; and, similarly, the floor of the ocean will, on this supposed earth, 
be depressed because it, is colnposed of unusually clense material. This particular condition of 
approximate equilibrium has been given the name "isostasy." 

The adjustment of the material toward this condition, which is produced in nature by the 
stresses due to gravity, may be called the "isostatic adjustment." 

The compensation of the escess of matter at the surface (continents) by the deficiency of 
density below, and of surface deficiency of matter (oceans) by escess of density below, may be 
called the "isostatic compensation."' 

Let the depth below sea level within which the isostatic compensation is conlplete be 
called the "depth of .compensation." At and below this depth the condition as to stress of 
any element of mass is isostatic; that is, any element of mass is subject 60 equal pressures 
from all directions as if it were a portion of a. perfect fluid. Above this depth, on the other 
hand, each element of mass is subject in general to different pressdrc:~ in different directions- 
to stresses which tend to distort it and to move it. 

Consider the relations of the masses, densities, and volumes, &ove the depth of coni- 
pensation, fixed by the preceding definition. The mass in any prismatic. c.olunln whicli has 
for its base a unit area of the horizontal surface which lies at the depth of compensation, for 

a In this publication 'rgravity ''is the term used for the phenomenon of weight or of the acceleration of rr b d y  falling to the earth, and, at nny 
place, it is the resultant of the earth's attxactive force, ","ravitnlionl" an4 the centdfiigal force dne to the earth's rotation. This distlnction 
between thr terms "grsvlty " and "gravltrrtlon" is not nluvays c1car:y drawn. 

In general i t  will be found that thmi~ghout this publication the nttraction (expressed in dynes) is dealt with directly by preference rather 
th3n its numericnl equi\'alcnt, the acceleration (cspressed in centimeters and seconds). 

7 
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its edges vertical lines (lines of gravity) and for its upper limit the actual irregular surface 
of tlie earth (or the sea surface, if the area in question is beneath the ocean), is the same as 
the niass in any other siniilar prismatic colunin having any other unit area of the sanie surface 
for its bnse. 

ASSUMPTIONS MADE IN REGARD TO TEIE TOPOGRAPHY AND ISOSTATIC COMPENSATION. 

For the purpose of making the computations by the Hayforcl methocl the earth's crust is 
assumed to be in a state of perfect isostasy, with each topographic feature compensated for by 
a deficiency (or escess) of mass directly nncler it, ancl i t  is assumed that this compensating 
deficiency (or excess) of mass is unifolmly clistributed to a dept,ll of 113.7 km. ' This depth is 
that resulting from the first ilivestigation by Hayford given in the Figure of the Earth. and 
Isostasy from Measure~nents in the United States. 

The mean density of the solid portion of the earth's surface is assumed to be 8.67 and the 
density of the ocean water 1.027. There is no rtssu&~~>tioa regarding the normal clensi ties in the 
'earth's crust below sea level. This fact should be c.learly bonle in mind, for a failure to realize 
this has been confusing to some who have considered the ciuestion of isostasy. I t  is sinll~ly 
assunlecl that the arrange~nent of the densities in the crust under a coastal plane at zero eleva- 
tion is normal and that t8he clensities under the continents, islancls, ancl the ocems clepart from 
.the aornlal condition by the moun t  necessary to clistribute the isostatic compensation uuli- 
fornily with respect to depth of compensation. For our purpose a knowledge of the actual 
density at any given depth is unnecessary. 

The writer does not helieve any one of the as~umpt~ions stated above is esactly true. The 
average density (from IIarlmess's The Solar Pa ra l l~s  mid Ite Related Constants, p. 92) is 
certainly in error for the sui-face materials at many stations. The depth of compe~isatlon has a 
large l>robable error and may be largely in error for any given place. As i t  is the average or 
mean depth i t  may be subject to an actual enor of consiclernl~le size. It is probable that tlie 
conipensation for rr, topographic. feature is not always distributed wit11 esact uniformity with 
respect to depth. And it is also probable that the compensation is not located directly under a 
topographic feature. I t  may have a greater horizontal extent than the feature. The anomalies 
or differences between the observed gravity and the computecl gravity give m idea of the extent 
to which the as~unipt~ions a.re not true. These differences are due partly to errors in the observa- 
tions mid conil?utations, but mostly to departures from the conditions postulated. But it 'may 
be stated that the results show that the c.oiitinents as a whole are almost perfectly conlpensated 
and that this is the condition wit11 respect to large portions of a continentl One of the im- 
portant problems of the geodesist is to determine the limits of tllc areas which may not be a t  
least partly compensated. 

CHANGE OF SIGN DUE TO DISTANCE. 

The reader shgulcl C~USUII; p q e s  65 to 70 of Special Pulslict\tion No. 10, which deals with the 
change of sign of the effect of topography and compensation due to distance. 

In  nearly all cases the combined effect of the topography and compensatiou changes sign 
from plus .to minus before zone L is reac.lied. 'This zone has & inner limit which is only 19 
h. from the station. This is an inlportant matter whicli should be considered by anyone 
studying the question of isostasy.and its effect upon the intensity of gravity. One might 
assume without due consideration that in a mount~ainous region a station should have large 
positive correc.tions for each of the near zones, say within zone N, outer limit 99 b., while they 
may have large negative values. Pikes Peak, for esaniple, has corrections of -0.0290 mid 
-0.0334 dynes, respectively, for zones M and N. 

The esplanatign of the chctllge in sign is given in detail in Special Publication No. 10. 
Briefly, i t  is that near the station the topography has the predominating effect, as i t  is much 
closer than the center of mass of the compensation. As the distm1c.e from the station increases 
the ratio between the sine of the depression angle to the center of the conlpensation a11cl the 
sine of the angle of elevation or depression to the center of the topography becomes greater. 
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At the same time the ratio of the distances to the compensation and to the topography becomes 
less. Therefore at  a certain distance the vertical component of the effect of the compensation 
becomes greater than that of the topography. 

I t  is evident that at  great distances from the station the effect of the compensation will be 
greater than the topography. I t  sl~oulcl be noted that the effect of topograp11y i11 the oceans is 
negative and its compensation~positive. This fact causes the c.omhinec1 effec.t for the more 
distant zones, which cover water areas mostly, to be positive. These facts may be observed by 
referring to the table given on pages 20-4s. 

REDUCTION TABLES FOR EFFECT OF TOPOGRAPHY AND ISOSTATIC COMPENSATION. 

The tables for making the reduction for topography kid compensation were computed 
upon the theory that the earth's crust is in a state of perfect isostasy with a sul-face density of 
3.67 and a density of water in the oceans of 1.027; tlsat the con~lwilsatioa is c.omplete directly 
under the topography, ancl that the depth of compensation is 113.7 hi. These tables with 
detailed statements as to the methocls employed in computing them, and directions for using 
then1 are priate[l in Special Publication No. 10, entitled, "The effect of topography and iso- 
static conip.ensation upon the intensity of gravity,'' United States Coast and Geodetic Survey, 
1912. It is not desirable to repeat the tables with descriptions showing how to use them. The 
tables are made for 33 zones, which cover the entire surface of the earth, i t  having been found 
that the resultant attraction of the topography and compensation even at the ant~podes must 
be taken into acc.ount. 

I t  has been found possible to save inuch effort in making the computations by interpolating 
the values for the effect of the topography and coinpensation for the outer zones for a station 
from the values for those zones computed for surrou~icling stations. The saving will be greater 
when the new station is very close to the stat,ions used for the interpolation. The subject of 
&terpolation is discussed fully on pages 5s to 65 of Special Publication No. 10. 

CORRECTIONS AND ADDITIONS TO TABLES. 

Since its.publication some errors were discovered in the reduction table for zone C. This 
table is repeated below with the corrected numbers in boldface type. These errors had no. 
appreciable effect on the results of the investigations reported in Special Publications Nos; 
10atidl3. ' 

On pages 11 to 18 there are given additional tables which should be used when computing 
the effect of topography and compensation for the close topography a t  mountain stations. 
(See p. 94.) 

For computing the effect o.f using the tables for a subdivided zone instead of the table 
for the entire zone, the elevation of the entire zone must be made consistent with the eleva- 
tion of its parts. If h, wid 7L2 are, respec.tively, the elevations of the inner and outer subzones 
and h the average elevation of the entire zone, then, 

for zone C, h=h,+0.255 (hi-&), 
for zone D, h=h,+0.310 (It.,-&), 
for zone E, hyA2+0.317 (h,-&), 
for zone I?, h=A,+0.328 (h-&). 

In conformity with. the reduction tables in Special Publication No. 10 all tabular values 
in the followiiig tables are espressed in units of the fourth decimal place in dynes. 
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Zone C2. 
[Iuner radius. I30 me-; outer radius, 230 meters. Four compartments.~ 

Correction for- Correction for devation ofstation- 
Mean ele- 
vation of 

Above compartment Bdow compartment 

' 100 150 3W 250 300 350 400 4. 600 609 
L feet feet feet feat 1 feet feet f r t  f r t  feet Iwt / Iwt feet lwt -- - - - - - - - - - - - -- I 

25 0 0 0 0 0 0 0 0 0 0 0 0  0 + 1  0 50 + 0 . 1  . 0 0 0 0 +1 +1 + I  +1 +1 +1 +1 +1 +1 0 75 + 0 . 2  0 0 0 +1  +1 +1 +1 +l  +1 +1  +1 +I  +1 0 
100 + 0.4 0 0 0 +1 +1 +1 +1  +1 +1 + I  + I  + I  +1 0 -1 
150 + 0.8  0 + 1 +1 . +1 +1 + 2  +2 + 2  +2 + 2  + 2  + 2  + 2  -1 -1 -2 

m + l . 6  0 + 2 +1 + l  +2 +a +a + 2  +2 +2 + 3  + 3  +I  -1 -1 I -2 -3 300 + 3.2 ' 0 + 3 +1 +1 +2 + 9  +a +a + 3  + 2  +a 
4 + 5.0 0 + 5 +1 +1 +1 + I  +2 + 2  +1 -1 -21 -3 -4 . -6 -6 

4-3 +2 + 2  +1 500 + 6 . S  +1  0 -1 -2 -4 -5 -6 -s - 9  -10 0 + 7  +1 +1 + l  +1 +1  +1 +1 +1 +1 0 0 -1 -2 -4 -5 -7 -s -10 -11 -13 -14 go0 + 8 . 5  0 + 8  +1 +1 +1 +1  +1 +1 0 0 0 0 -1 -1 -2 -3 -5 -7 -9 -10 -13 -14 -15 -17 
PM) +11.5 0 +12 0 + 1  + I  +1 0 0 -1 -1 -1  -2 -3 ' -1 -3 -3 -5 -6 -8 -10 -11 -13 -15 -1s lo00 +13.S 0 +I4 0 + 1  0 0 0 -1 -1 -2 - 2  -3 -4 -1 -2 -3 4 -5 -7 - g -10 -12 -1, 12001 i-15.7 0 +lG 0 0 0 0 -1 -1 -2 -2 -3 -4 -5 -1 -1 -17 

1 4 0 0 '  +17.2 -2 -4 -5 -6 - 9 -11 -12 -16 - 
leOO +1S.3 - S -10 -11 -14 + 1s 0 0 -1 -1 -2 -2 -3 -4 -5 -6 0 -1 -2 

, -3 -4 -5 - 6 - s .  - g -10 -13 
lSOO +19.3 0 0 -1 -1 -2 -3 -3 -4 - s -10 -12 2 r - S  2 500 +21.6 - 9 -11 

,j - 7 - s -10 3000 +22.6 
6 - 7 - 3 500 +23.3 0 4-23 0 , 0 -1 -2 -3 -3 -4 -5 -5 -6 -8 0 0 -1 - 2  -3 -4 - 5 - 0 - 7 - s - 9 

4 000 +23.9 0 +%I 0 0 -1 -2 -2 -3 -4 -5 -a -6 -s o o -1 -2 -3 - 4  - 5 - 6' - 6 - 7 ' - 9 5 o00 +W.7 0 +25 0 0 -1 -2 -2 -3 -4 -5 -6 -6 -8 0 0 -1 - 2  -3 -3 - 4 - 5 - 6 - - I - 9  6000 +W.2 0 +25 0 0 -1 -2 - 2  -3 -4 '-5 -6 -7 -S 0 -1 -2 -3 -3 . - 4 - 5. - 6 - 7 - g S 000 +25.9 0 +26 0 0 -1 -2 -2 -3 -4 -5 -6 -7 -8 0 
10 000 +?.3 -1 - 2  -2 -3 - 4  - 5  - 6  - 7  - 9  0 +26 0 0 -1 -2 -2 -3 -4 -5 -6 -7 -s 0 0 -1 - 2  -2 -3 - 4 - 5 - 6 - 7 - g 
12000 i-26.6 , 1 +26 0 . 0 -1 -2 -2 -3 -4 -5 -6 -7 -8 0 0 - 1  -2  - 3  -3 - 4 - 5 14000 +%.S -1 +26 , 0 . 0 -1 -2. -2 -3 -4 -5 -6 -7 -8 0 0 - 1  -2  - 3  -3 - 4 - 5 

- 7  - 9  
16000 +27.0 -1 4-20 0 : 0 -1 -2 -2 -3 - 4  - 7  - 9  -B -7 -8 o o -1 -21 -4 -3 - 4 - 5 - 7  - 9  l S m  +27.l -1 +Is' -1 -2 -2 -3 

0 1  0 1  -,I -a 
-7 -8 0 0 -1 -2 -3 - 4  - 5  

-11 
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Chapter 11.-CORRECTIONS FOR TOPOGRAPHY ABD ISOSTATIC COMPENSATION AND 
PRINCIPAL FACTS FOR GRAVITY STATIONS. 

MEAN ELEVATIONS AND CORREC!TIONS FOR TOPOGR.4PHY AND ISOSTATIC COIVIPENSATION FOR 
SEPARATE Z(?NES AT STATIONS IN THE UNITED STATES. 

There are given in the follou~ing tables (pp. 20 to 45) the conlbined effect of the topography 
and cbmpensation for all zones alld the separate effects of the topognphy ancl the compensu- 
tion for each of the lettered zones for the 219 stations in the 1Tnit.ed States. I n  addit.ion, there 
is given the nlean rlcvnt.ion of the topography for each of the lettered zones for all of the st-a- 
tions from No. 57 to No. 219. No record of the elevation of the topography for the separate 
zones was made for the first 56 stations, when the topography and c.ompensation effects were 
computed, and it was not deemed espedient to read the ma.ps again to obtain that ilifo~llzation 
for publication here. With the combined effect of t>opogaphy ancl con~pensat~ion given for 
separate zones nt the first 56 stations one nlny get from the tables all approsinlate value of t.lle 
elevation of the topogrqhy for the zones. The values of the. effects of topography and com- 
pensation, separntely'alld combinecl, are espressed in the f0urt.h decimal place in dynes. Values 
resulting from intc-:~polxtion from surrounding stntio~ls are indic:.at.~.cl by italic type. (For 
esplanatio~l of i~rocess of intel~~olnbion, see pp. 58-65 of Special Puhlicatioli No. 10.) The 
following table gives the radii of the zones sad the nu~llbar cif compartments in each of them: 

of zone 
O ~ i t e r  rndirs 01 

zone 

n:;lcr.s 
2 
GS 
330 
590 

1 
2 290 
3 520 
5 240 
s 440 
14 400 
1s so0 
5s 800 
58 800 
99 000 
1GG TOO 

0 / / I  

1 41 13 
1 51 52 
2 11 53 
2 33 46 
3 03 0.5 
4 19 13 
5 46 31 
7 51 30 
10 44 
14 09 
50 41. 
41: 41 
35 5s 
51 04 
72 13 
105 48 
1.50 56 



U. S. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 40. 

Correctiolur for topography andiaostdic corn.pcn.satiot~, separate zones, jnr United States atntiolu. 

Topop 
raphv 
and' 

pE;- 
tion 

Corn- 
pen- 

tE; Zone 

Topop 
rwhY 

- 
A 

D 
E 

F 
G 
H 

J 

6 
L 
M 
N 

Topog- 
raPbY 

Topog- 
raPhy 

key West Fla., 
NO. i West Palm Beach, 

 la., NO. a 

Com- 
pen- 

tEn 

+1 

I 0 0  

+2 

Topog- 
raphy 
and 

py,"; 
tion 

Corn- 
pen- 

2; 

C - 1 0 - 1  
0 0  
0 0  

0 0  
0 0  
0 0  

0 0  

0 0  
0 0  
O + 1 4 + 1 4  
O + 4 2 + 4 3  

0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  

0 0  
0 + 5 + 5  
O + m + 2 0  
0 + 2 4 + %  

Punts Gorda, Fla ,  
NO. 3 

0 + 1 + a 
+ 6  
+ 1 0  

+ S O  + 31 
+SS 
+ 22 
+14  

+ I S  
+ 5  
+ 8  + 10 
+ 8  

+ 6  
+ 2  + 1 

+201 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1s ............. + s  .............. .............. 
17 ............. + 4 .............. + 5 .............. 
16 ............. + 3 .............. + 5 .............. 
16 ............. + 5  .............. + 5  .............. 
14 ............. + S .............. + 9 .............. 
13 ............. +3S .............. +SS .............. 
13 ............. + 3% .............. + SP .............. 
11 ............. + 4 2  .............. + 4 5  .............. 
10 ............. + 25 .............. + 67 .............. 
9 ............. + 1 5  .............. .............. 
S ............. + I 5  .............. + 1 5  ........... :.. 
i ............. + 5  .............. + 6  .............. 
6 ............. + 8  .............. + 6  .............. 
5 ........:.... + 10 .............. + 10 .............. 
4 ............. + S  .............. + 8  .............. 
3 ............. + F  .............. + 6  .............. 
2 ............. + 2 .............. + 9  .............. 
1 ............. + 1 .............. + 1 .............. -- 

Topog- 
raphy 
ant1 
corn- 
pensn- 
tion 

O + 1  

0 
0 

0 
0 
0 
0 
0 

0 
0 

0 + 2  

0 
0 
0 

0 
0 
0 

0 

0 

+1 

0 . 0 0  

0 

+ 2  + 3 + r 
+ 9  
+ 1 1  

+ l i  
+ 11 
+ 9  
+ 14 
+ 1 2  

+ 1 0  
+ 6  
+ S  + 10 
+ C  

+ 6  
+ b  + 1 

+l5l 

Apalachicola, Fla., 
NO. 4 

+ 2  + 2 + 5 
+ 7  
+ 1 1  

+24  + 22 
+ 7  + 3 
- 2 

+ 5 
+ 7  
+ l o  + 10 
+ 8  

+ 6  
+ S  + 1 

New Orleans, L a ,  
NO. 5 

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

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

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

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

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

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

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

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

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

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

.............. 
+I%?.............. .............. .............- 

raphy 
and 

pc%,"~ 
tion 

+; 

0 

+1 
0 

0 

0 

Rayvllle. La., 
NO. 6 

A 
B 
C 
D 
E 

F 
G 
H 
I 
r 
6 
L 
M 
N 
o 
IS 
17 
16 
15 
14 

13 
12 
11 
i n  
9 

s 
7 
6 
5 
4 

3 
2 
1 

!k~t.I 

.... ...... 

Topog- 
raphy 

. O  
0 0  
0 0  
0 0  

0 0  
0 0  
0 0  

0 0  

0 0  
0 0  

0 
0 0  

+ a  

0 

0 

.: .... 

----- 
Total +306 - - . - I  

! 
dostin. Tex. iOni- 

versity), No. 11 
Austin, Tes. (Capitol), 

No. 10 

Topog- 
raphy 

tion ponsa- 
tion 

0 + 1  

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  

0 0  
0 0  

0 
0 0  
0 + 6 + 6  

0 

0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  

0 0  
0 0  

0 
0 0  

0 

- 1  
- 1  
- 1  
- 2  
-3.  

+ 5  
+ 5 

0 
- 1 
- 3  

+ 3 
+ 8  + 9 
+I1 
+ 7  

+ 5 
+ y  
+ I  

+i7 

-- 
+ 3  
+5G 
+i? 
+40 
+16 

+ G  

o 
0 
0 
o 
0 
o 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Mcblcster, Okla., 
NO. l a  

+ 2  
+56 
+H 
+34 
+l5 

+ 2  

o 

U 
o 
0 
o 

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

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

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

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

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

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

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

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

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

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

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

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

. . . . . . .  

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

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

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

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

Corn- 
pen- 
ss- 

tion 

+ 2  
0 
0 
0 
0 

0 
0 
0 
0 

.O 

0 
0 
0 
0 

+ 1  
o . o + m  

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 + 4 0 + 4  
O + 6 0 + 6 .  

0 0 ,  

0 0  
0 0  
0 0  
0 0  
0 0  

0 0  
0 0  

0 
0 0  

0 

+ 2  +m 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Galveston. Tex., 
No. 7 

+ 2  
+0). 
+ 7  
+52 
+?I 

+lo 
0. 
o 

Laredo, Tes.. 
KO. 9 

0 
O 
U 
0 
0 

0 
0 0  
0 0  
0 0  

-14 , 
0 - 1 s  

-?'2 
-41 
-43 
-44 

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

0 
0 
0 
0 
0 

0 
0 0  
0 0  
0 0  

-14 

-IS 
-53 
- 1  
-43 
-4.1 

.......... 

+ 2  
+lX 
+8 
+52 
+a1 

+10 

Point Isabel. Tex., 
No. S 

+2 
0 
0 
0 
0 

0 

I; 
0 
0 
n 
0 
o 

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

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

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

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

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

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

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

+ 2  
+% 
+50 
+21 + S 

0 

o 
0 
0 
o 
0 
o 

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

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

.............. 
+ I s . . . . - -  

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

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

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

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

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

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

.......a.m.... .............. .............. 

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

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

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

+ 3  

+jF +Id 

+31 
+lo 

+ 2  
0 
o 
0 

-1; 

-16 
- 2  
-41 
-45 
-4f 

- 8 - 6 
- 7  
- 7  
- 7  

-18 - 9 - 7 
-11 
+ I  

+ 7  
+ 9  
+1Q 
+10 
+ 9 

+ 6  + i? 
+ , I  

-SO..._ 

+ 2  
+56 
+72 
+40 
+16 

+ d  
0 
o 
o 

-14 

-1s 
-22 
-41 
-4.3 
4 

- S 
- 8 
- 7  - I - 7 

-19 - 0 - 7 
-11 
+ 1  

+; 
+ o  
+1O 
+I0 
+ 9 

+ o '  + 6 
+ I  

-11 

0 
0 
n 
0 
0 

0 
0 0  
0 0  

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

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

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

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

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

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

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

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

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

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

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

o 
o 

0 
o 
0 
o 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

+ 2 + 4 
0 
0 
0 

0 
0 
n 
o 
o 

0 
0 
0 
0 
0 

0 
0 0  
0 0  

0 
0 
o 
0 
o 

+a 
+ 4  

0 
0 
0 

n 

o 

0 
0 
0 
U 
0 

0 
0 0  
0 0  
n o  

+ 2  
0 
0 
0 
0 

0 
0 
o 
o 
c 
0 
0 
o 
0 
o 
0 + 2 

+ 3  
+ J  
+ G  

+ 6 

--- 

0 
0 
0 
0 
0 

0 
0 0  
0 0  
0 0  

o 

+ 2  
+W 
+50 
+2l + 8 

0 
0 
o 
o 

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

0. 

........ / - - - - - -  

0 
0 
o 
0 
o 

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

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

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

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

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

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

+SO 

0 - 1 6  
- 
-46 
-3; 
-40 

:. 

o 
- 4  
-10 
-94 
-3 
-21 

........ 

-1s 

-16 
-23 
-46 
-35 
-4n. 

- S - S. 
- 9  
- LJ. 
- 9 .  

-15. 
-13 - 1"' 
-1.2 

. - 4  
+ b  
+ s  + $ 
+I1 
+ 8 

+ 6  
+ S  + 1 

+. 

1 
- 0  
- 5  
+ 5  

+ 9  
+ 9  + 10 
+ 1 0  + 9 

+ 6 + 2 + 1 

+74/ ............. 

o 
- 4  
-10 
-24 
-26 
-21 

- 5 - 6 
- 7  
-10 - S 

-21 
-10 
-12 - 4 
+ 4  

+ i n  
+ P  
+I0 
+I0 + 3 

+ 6  + 9 + 1 

0 
0 
o 

- 1 
+27 

+ f .............. 
- X  .............. 

.............. 
- I 5 
+ I  .............. 

t154 

0 
0 
o - 1 + 27 

+ 10 + 13 
+ 1 3  

+ l 4  

+ 12 - 

+ 7  
+ 6  
+I0 
+10 + 9 

+ d  + 2 

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

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

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

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

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

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

.............. 
+ I  I .............. 



INVESTIGATIONS OF GRAVITY AND ISOSTASY. 

Corrccf.ions for t o p o p p h y  and isostatic contpensaCion, separate zows,  for United States s t a t i o ~ d o n t i n u e d .  
- 

Topog- 
' 

Topog- 
raphy 

Zone 

- 
A 

C 
D 
E 

F 
Q 
H 

J 

K 
L 
M 
N 
0 

1S 
17 
16 
15 
1.1 

13 
12 
11 
10 
9 

8 
7 
6 
5 
4 

2 
1 

Total. 

Topog- 
raphy 

raphy 
and 
com- 

ponsa- 
tion 

Topog- 
raphy 

Corn- 
pen- 
sa- 

tion 

Com- 
pen- 
sa- 

tion 

Topog- 
raphy 
and 
com- 

pensa- 
tion 

McCormlck. 8. C., 
No. 16 

tion 

Little Roek Ark., 
No. ld Da., xoo. l5 

Corn- 
pen- 

gn 

Columbia, Tenn., 
No. 14 

+ 2  
+56 + 
+30 
+13 

0 

0 
0 

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

....... .. 

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

........ 

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

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

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

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

........ 

+ a  
B . + 4 8  

+31 
+12 
+ 5  

0 

I 0 0  
0 

0 

0 
0 

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

....... 

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

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

..- 

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

....... 

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

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

....... ............. 
3 . . -  

.-- 

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

... .... 

Topog- 
raphy 

Topog- 
raphy 
and 

; c ; ;  
ticm 

+ a  
+60 
+is 
+4S 
+19 

0 + 7  

. : O - 1 7  

.O 
0 

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

5 . .  -.... :.. ....-......... 
---..... --...... 
..-. 
........ 

5 . .  

..-..... 

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

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

.... . 

.. 

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

.. ...... 

Charleston. 8. C., . No. 17 

+ a  
O + M  

+lo4 + 90 
+ 4 0  

0 
0 
0 

- 2 0  
- 2 4  
- 5 0  - 44 - 49 

- 9 - 10 
- 9  - 7 - 6 

- 7 - 1 + 6 + 14 
+ 9  

+ 6 
+ 6  
+ 7  + 10 
+ 7  

+ 8  + 3 
+ 1  

+I42 

+ 2 
+ W + M  

+104 + 90 
+ 4 0  

O + 7 + 1 9 - O + 1 9  

0 
0 

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

........ 

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

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

........ 

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

........ 

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

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

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

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

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

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

........ 

Washington. D. C. 
Smithsonian ~nsti:  
t~ition, No. 22 

Charlo$~;p Va.l 

0 
0 
0 
0 
0 

0 
0 0  
0 0  

0 

0 - 1  
0 

0 - 2 0  
-.30 
-29 

.. .... 

...... 

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

...... 

...... 

.......... 

.......... 

...... 

0 
0 
0 
0 
0 

0 
0 0  
0 0  
0 0  
0 - 2 - 2  

0 - 5  
0 - 7  
0 - 2 9  

-31 
-37 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

+2 
+4 

0 
0 
0 

0 

0 

0 
0 
0 
0 
0 

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

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

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

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

.............. 
+ I . . . . . . . . . . . . . .  

........ 

Beaulort, N. C., No. 
IS 

Washin on. D. C., 
C.  an?^. 8. Ofice. 
No. 21 

0 

0 
0 
0 

0 0  
0 0  
0 0  
0 - 1 6 - 1 6  

0 - 2 0  
0 - 2 4  
0 - 5 0  

-44 
-49 

...... 

...... 

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

...... 

...... 

...... 

...... 

Com- 
pen- 
sa- 

tion 

Deer Park, Md., No. 20 

+ 2  
+48 
+31 
+I2 
+ 5  

0 
0 
0 
0 

- 1  
0 

-20 
-30 
-29 

- .5 - 5 - 
- 5 
- 5  

- 8 - 7 
- 5  - 3 - 
+ 9 
+ 8  
+ 0  
+11 
+ 7  

+ 5  
+ . s  
+ I  ----- 
+1P 

+ 2 
+ 5 6  + 64 + 30 
+ I 3  

0 
0 

.O 
0 

- 5  
- 7  
- 2 s  - 31 - 37 

- 7  - S 
- 8  - 3 - 3 

- 1 + 7 
+ I S  + 17 
+ 1 0  

+ 8 
+ i l  
+ 7  + 10 
+ 7  

+ 6 + 3 

+I20 

0 
0 
0 
0 
0 

0 0  
0 ' 0  
0 0  
0 - 1 2 - 1 2  

0 - 1 6  

0 - 4 4  
-39 
-42 

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

. ..... 

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

...... 

...... 

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

...... 

+1 
0 
0 
0 
0 

0 

0 

' 0  
0 
0 
0 
0 

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

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

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

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

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

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

.............. .............. 
+ I . . . . . . . . . . . . . .  

.... .... 

Topog- 
raphy 
and 
com- 

pe,m- 
tlon 

.- 

+ 2  

+ i 8  
+4S 
+19 

0 
0 
0 

-16 
-17 
-31 
-39 
-42 

- 7 - 7 - 6 - 6 - 7 

-10 - 5 
0 + 6 

+ S  

+ 4 
+ 6  
+ 7  
+I0 
+ 7  

+ 6  
+ s  
+ I  

+59 

Baltimore, Md., No. l 

0 
0 
0 
0 
0 

0 
0 0  
0 0  
0 0  

0 

' 0  
0 
0 

-1 
+2 

...... 

...... 

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

...... 

...... 

...... 

...... 

+ 2  
+ 4  

0 
0 
0 

o 
0 
0 
0 
0 

0 
0 
0 - 1 + 2 

+ 2  + 2 
+ 2  + 3 + 4 

+ 12 + 21 
+ 2 4  + 31 
+ 1 9  

+ 19 
+ 5  
+ 6  + 0 
+ 7  

+ 6  + S 

+I59 

Ph'%",~2 

0 
0 
0 
0 
0 

0 
0 0  
0 0  
0 0  

0 

0 
0 
0 

+ 4 +40 

...... 

...... 

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

...... 

...... 

...... 

--- 
...... 

+ 1  
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 + 4 + 45 

+ 1 4  + 16 
+ 2 0  + 27 
+ 3 4  

+ 52 + 36 
+ 2 9  + 19 
+ 1 4  

+ 14 
+ 5  
+ 6  + 8 
+ 7  

+ 6  + 3 
+ I  

+361 



2 2 U. S. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 40. 

Corrections.for topography aiid iso:tatic c o a ~ . p e ~ a i i o ~ ~ ,  scparate :o)ies,j'or Uriitcd States statioiu-Continued. 

- 

' Zone 

- 
A 
B 
C 
D 
E 

F 

J 

Ei 
L 
f 
N 
0 

1s 
17 
16 
15 

1 4 :  

13 
13 
11 
10 
9 

8 
i 
6 
5 
4 

3 
2 
1 

Total. 

A 
B 
C 
D 
E 

F 
G 
H 
.I 
J 

k 
L 
M 
N 
0 

IS 
li 
16 
15 
14'. 

'13 
12 
11 
10 
9 . .  

S 
' 5  

6 
5 
4 

3 
2 
1 

Total. 

Topog- 
raphy 

d 

.... 

Com- 
pen- 
%- 

tion 

Topog- 
raphy 
and 
corn- 

pen- 
tion, 

Com- 
pen- 

tSrk 
Topog- 
I'BPhY 

Princeton. N. J., 
No. 25 

Topop- 
raphy 
and 
corn- 

pen- 
tirm 

Hoboken. N. J. ,  
No. 26 , 

New Yorli. N. Y., 
No. 25 , 

+ 2  + 40 
+ 1 6  
+ 6  

0  

0  

0  
0  

0  
0  - 11 - 16 - 1 

- 4  
- 6  
- 6  - 1 
+ I -  

+ IS 
+%i 
+ ? I  
+ I S  + 11 

+ 14 
+ 6  
+ G  
+ 6  
+ 8  

+ 8  
+ 4 + I 

+I30 

+ 2  
+40 
+16 
+ 6  

I 0 0  
0  

0  
0  
0  
0  
0  

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

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

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

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

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

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

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

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

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

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

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

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

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

+2 
+S 
0  
0  

0  

0  
0 
0  
0 
0  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

+ a  
+?i 
+ 7  
+ 3  

0 

0 
0  

. 0 
0  
0  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

0  
0  
0  
0  

0 0  

0 0  

' 

0  

0  
0  

-11 
-16 
-22 

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

Worcester. Mass., 
No. 23 

Topog- 
raphy 

I..-. 

0  
0  
0  
0  

0 0  

0 0  
0 0  
0 0 . 0  
0 0  

0  

0  
0  

-l2 
-18 
-25 

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

+ a  
'+a 
+ti1 
+3l 

0 
0  
0  

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

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

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

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

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

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

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

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

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

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

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

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

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

........... 

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

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

0 
0  
0  
0  

0 0  

0 0  
0 0  
0 0  
0 0  

0  

0  
0  

-13 
-1s 
-28 

Calais, Me., NO. 31 

........... 

F .............. +l33 .............. +lo1 

+ '  + 
0  
0  
0  

0  
0  

0  
0  

0 
0 

- 1  
-18 
-1 

- 6  
- 6  - 3 + 1 
+ S  

+14 
+?2 
+PI 
+I9 
+I1 

+I5 
+ B  
+ G  
+ B  
+ t l  

+ R  
+ 4  
+ I  

+i9 

Boston. Mass., 
No. 29 

+ 2  + 2i 
+ 7  
+ 2  

0  
0  
0  
0  

0  
0  - 13 - 1s - 'A 

- 6  
- 5  
- 3  + 1 

+ 3  
+ 14 
+ U  
+ P I  
+ I 6  + 11 

+ 15 
+ t l  
+ 6  
+ t l  
+ 6  

........ 1- 

. I .............. 
........ ........ I:::::. 

+ 2  
+25 
+ 4  
+ 4  
0  

0  

0  

o 
0  
0  
0  
0  

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

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

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

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

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

lthaca, N. P.,NO. 32 

Com- 
pen- 
sa- 
tion 

- 
I Topog- 

0  
0  
0  
0  

0 + 1 1 0 + 1 1  

O + i O + i  
0 0  
0 0  
0 0  
0 - 1 0 - 1 0  

0 - 1 3 - 1 3  
0 - 1 4 - 1 4  

-?i 
-25 
-28 

:.. 

+ 2  
+16 
+ 4  
+ 1  

0  

0  
0  
0  
0  
0  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.............. 
+I06 I ........ +liS 

+ 6  
+ 4  + I -- 

Cambridge. Mass., 
No. 30 

+ 2  
+60 
+SS 
+59 
+2i 

+ 6  

0  

o 
0  
0  
0  
0  

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

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

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

Com- 
pen- 

& 

+ 2  + 56 
+ 6 4  
+ 3 1  

0  
0  
0  

- 27 
- 25 - 2s 

- 2 - 3 - 4 - 1 
- 1  

+ 9 
+%?4 
+2.3 
+ 1 7  + 12 

+ 17 
+ B  
+ 6  
+ 6  
+ 6  

+ 8  
+ 4  + 1 

+ a  
+12 
0  
0  

0  
0  
0  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

0  
0  
0  
0 
0  

0  
0 0  
0 0  
0 0  

0  

o 
0  - 5 - 4 

-15 

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

+ I S  + 1 8 .  
+ 1 3  

+ 16 + 6 . -  + 6 . -  + 5 + 6 
+ 6 + 5 + 1 

Topor- 
raphv 
and' 
corn- 

pens-  
tion 

. -. . 

Tapog- 
w h y  

raphy 
and 

py,";B 
tion 

0  
0  
0  
0  

0 0  

0 0  
0 0  
0 0  
0 0  

0  

0  
0  - 4 

-11 
-10 

+ 2  
+ 2 5  
+ 4  + 4 

0  

0  
0  
0  
0  
0  

0  
0 - 5 - 4 - 15 

- 3 . -  
- 3 -  
- 3 
- 4 

- 3 + 9 

0  
0 
0 
0  
0  

0  
0 0 .  
0 0  
0 0  

-16 

-m 
-32 
-50 
-56 
-55 

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

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

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

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

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

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

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

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

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

.............. 
-106 

Seattle. Wash. (Uni- 
\7ersity), NO. 53 

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

- 57 I .............. 

- 
Topop 
raphy 
and 
corn- 

pensa- 
tion 

Ssn Francisco, Cal., 
NO. 54 

0 
0 - 4 - 6 - 16 

- 20 - 24 - 32. - 6i  
-SO 

-140 
- 1 1  
-0 
-415 
-330 

....'.. 

+ a  
+33 
+l2 
+ 6  + 1 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

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

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

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

........ 

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

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

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

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

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

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

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

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

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

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

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

.............. 
1 +446 

-60 - 61 - 60 - 55 

.- SB 
- 5 1  - 38 - 32 - 1 

+ 9  
+ 6  
+ 8  + 8 
+ 7  

+ 4  + S 
+ I  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.............. 
......I t3.Q 

-- 
+ 2  
+ 4 8  + 35 + 15 + 1 

0 
0 
0 
0 - 2 

- 1 - 7 - 14 + 15 
+ (lg 

+ 24 
+ 2 1  
+ ~IJ + 19 
+ 17 

+ 25 
+23 + 21 + 14 + 10 

+ 1 5  
+ l o  
+ 9  
+ 9 
+ S  

+ 5  + 4 
+ 1  

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 - 1 
-19 
-95 
-90 

.,.... 

+ a  
+.IS 
+35 
+15 + 1 

' 0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

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

+ a  
+ 3 3  + 12 + 6 + 1 

0 
0 
0 
0 
0 

0 - 1 - 19 - 95 - 90 

- 14 
- 1 1  - 10 
- 10 - 11 

- 21 
- 1 8  - 8 

0 + 4 

+ l o  
+ 6  
+ 7  
+ 9 
+ 7  

+ 3  
+ 3 
+ 1  

o 
0 
0 
0 
0 

0 
0 
0 
0 

- 2  

- 1 - 7 
-14 
+IS 
+% 
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Mean ekoations and corrections for topography and isostatic compensation. separate zones. for United States stations-Contd . 

Topog- TopoR- 
Eleva- Corn- Eleva- 
tion in TOPJg- pens* zz tion in %'Og- p e w  ,, 
feet *phy tion pensa- feet *phy tion 

pensa- 
Zone . 

tion tion 

-. I Pr l . ina.  N . Dak., No . 60-1 Mitchell. S . h l . ,  No . 60 I 8reetwate.r. Tes., No . 61 / Kerrville . Tex., No . 62 

Total .. 

ROO 

.... 
ROO 
900 
!wo 

1100 
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Xea.n ckz~diona and ccnrrctiona for topography aud isostatic cm~.pc?~sntion.,se.parnte :o?ws, for Unitedstates statiom-Contd. 

I I I 

La Vegas, N. Mes., No. 71 

. 
Zoue 

Elevs- 
tion in 

feet 

1s 
17 
16 
15 
14 

13 
la 
11 
10 
9 

8 
7 
6 
5 
4 

3 
3 
1 

Total.. 

I Lead, S. Dsli., No. 75 ( ~ismwek; N. Dsli., No. 76 1 Hiusdale, Mont.,.No. 77 I Sand Point, Idaho, No. 7s 

3 ........ 
2 ........ 
1 ........ 

Total.. 1- ........ 

To 

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

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

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

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

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

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

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

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

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

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

Elevs- 
tion in 

feet 
tbn E l e v ~  in 

feet 
TOpOg- 
'BPhY 

Com- 
pensa- 
t,on 

Corn- 
pens* 
tion 

.. 

'Om- 

P;;F Topog- 
,phg 

Topg- 
",!!:;4' ,, 
pe,ls3- 
tion 

TOPOP 
"phy 

g2- 
pens* 
tion 

Shamrock, Tex., No. 72 

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

- G?, - 12 - ti? - 59 - 61 
- SS - 43 - 26 - IS 
- 1  

+ 9  
+ 7  
+ 9  + 10 
+ 8  

+ 5  
+ S  + 1 

+ 171 

........................ - 17 ........ ' ................ 11 ........................ -19 - 

........................ ........................ -I.? ........................ - 9 ........................ -If ......................... s ........................ - 5  
I ........................ + 6 ........................ + Y  ........ ................. 0 ....... : ................ + 8 ........................ + 8 ........ 1 ................ + 6 ........................ +10 ........................ 9 ........................ + 9  

........................ + 10 ........................ +I1 ........................ +I0 ........................ ........................ + 8 ........................ + 8  + 6  

........................ + a ........................ + 5  ........................ t 4  ........................ + P ........................ + Y  ........................ + 4  ........................ + 1 ........................ ........................ + 1  

........................ ........................ +70 ........................ -52 
---- 

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

+ 3 + I 
+I40 
+18S 
+1CO 

+ SO 
+3G + 1G 

0 - 11: 
- ?7 - 52 
-1'38 
- 1  
-133 

-24 
-24 
-24 
-24 

Denison, Tes., No. 73 

- 44 ........................ 
- 2 5  ........ ' -21 

Topog- 
",!!' 
nun- 

pensa- 
tion 

7 
754 
740. 
740 
730 

W 
w 
6RO 
lj50 
690 

670 
700 
W 
710 
7 8  

........ 

Minneapolis, hlinn., No. 74 

0 
0 
0 
0 - 8 

- 10 
-12 - llj 
-20 - 2iO 

I - 47 - 56 
-128 
-115 
-123 

?300 
23uo 
7.300 
23W 
2300 

23W 
9;?4 
?3w) 
350 
?3:* 

W25 
'A2 
300 
22tYJ 
2410 

........................ -15 

corn- 
pens* 
t ion 

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

+ ?  + I 
+14II 
+195 
+la 

+ 90 
+45 + 33 
+:o + 4 
+ 13 + 4 

0 
0 
0 

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

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

'leva- 
tion in 

feet 

TOP%- 
",!',:y 
wm- 

%ZP 

+ 3  
+60 
+N 
+64 
+U 

+10 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 

+ 3  
+w 
+%I2 
+M 
+24 

+10 

-20 
-IS 

840 
810 
W 
&30 
8'20 

540 

',"3ff 

1 ........ ........................ ........ 1 

0 
0 
0 
0 
0 

0 
0 
0 
0 

-lG 

-20 
-?4 
-37 
-4'3 
-45 

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

S O  
S90 
850 
850 

WO 
920 
990 
lMQ 
1040 

+ 2  
+w 
+9? + 
+24 

+10 

+ n  
+CO 
+,ol 
+M 
+P4 

+10 
0 
0 
0 

-16 

-3 
-24 
-37 
-42 
-45 

- 9  ................ 
................ ..............'.. 

0 
0 
0 
0 
0 

b 

- 9  
- 9  
- 9  - 9 

0 
0 . o  

0 

-% 
-24 
-56 
-48 
-56 

-12 
-12 
-12 
-13 
-13 

0 
0 
0 
0 
0 

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

-20 
-24 
-58 
-48 
-56 
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Mean ckvations and corrcclions for topography andisostatic eompensat.ion., separate zones, for UniltdStates stations--Contcl. 

-423 I........ 1 ........ 

zone 

I I I 

I 

Corn- 
pensa- 
tion 

Boise, Idaho, No. 79 

I I 

Sisson, Cal., No. S1 

E1el.a- 
tion in 

feet 

Eleva- 
tion in 

feet 

Astoria. Oreg., No. SO 

Topog- 
W h y  

g2- 
pensa- 
t ion 

'OPg- 
mphy 

I I 

Rock Springs, Wyo., No. 82 

Elevk 
tion in 

feet 
TOl'~g- 
r3phy 

Parton, Nebr., No. 83 washineton* Standards), D. C. No. S4 
of North Hero, Vt., No. 85 I Lake Placid, N. Y., No. 86 

Eleva- 
tion in 

leet mpl'y 
Com- 

PfEr ',"$;- 

Topog. 

'.g;y 
Mrn- 

pens* 
lioll 

corn- 
pensa- 
tion 

Com- 
pensa- 

Topog- 
"Phy 

tion 

fiPog. 

' g i y  
M,- 
peoso 
tion 
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Hean el~z~ations andcorrections for topography atul isostatic coatpmation, separate zones, for United ,Staterr stations--Contd. 

TOpOg-. 
raphy 

Zone 

Corn- 
pensa- 
tion 

Eleva- 
tion in 

feet 

Toopog- 

:\iy 
mm- 

A '  
B 
c 
D 
E 

C 

J 

K 
L 
M 746 0 -40 -40 350 0 -20 
N SIO 0 -47 -47 5S0 0 -33 
0 6SO 0 -42 -42 850 0 -46 

IS ........-..... -.-.- ---.. - 8  ........................ - 17 ........ ....-... ---.---. 8 ........ ........ ........ 
16 -.......-.-.---. - ---.--. - 9  ........................ - 15 ............-.....-..-- : 8 ........................ 
14 ........ -. .... .. ..--.--- - 9 ........ ........ ........ 
13 ........ ........ ........ -16 ........ ........ ........ 
12 ........................ - 5  ........................ 
11 ........................ + I . . :  ..................... 
10 ........................ + 8  ........................ 
9 ........................ + 7  ........................ 
8 ........................ +11 ........................ 
7 ........................ + 7  ........................ 
6 ...... : ................. + 6  ........................ 
5 ........................ + 6  ........................ 
4 ..................-----. + 5  ........................ 
3 ........................ + 6  ........................ 
2 ........................ + 5  ........................ 
1 ........................ + 1  ........................ 

Total.. ........ ........ ........ -37 ........ ........ ........ 

Durham, N. C., No. 91 Wilmer, Ala., No. 93 Aliceville, Ala., No. 94 

0 
0 
0 
0 

kernandim, Fla., No. 9!2 

A 413 + 2  0 + 2 10 +3 0 + 2 326 + 2  0 + 2 '243 + 2  0 . + 2  
B 413 +66 0 + 56 10 0 0 0 226 +42 0 + 43 242 +44 0 4-44 
C 413 +G 0 + 45 10 0 0 0 226 +20 0 + 20 244 2 0 +24 
T I  413 +IS 0 + l S  7 0 0 0 226 +12 0 + 1 2  246 +12 0 +12 
E 4 1 3 + 8  O + 8  3 0 0 0 2 2 6 + S  O + 8  2 4 7 + 8  0 + 8  

F 413 0 0 0 7 0 0 ' 0  ? I  0 0 0 215 0 . 0  
G 416 0 0 0 4 0 0 . 0  213 0 0 0 2 4 5  0 : O  
H 41.5 0 0 0 - 3  0 0 0 213 0 0 0 248 0 0 
I 4 2 5  0 0 0 - 2  0 0 0 2 1 7  0 0 0 2 4 S . ' O  0 
J 4 2 6  0 0 0 0 0 0 0 2 1 9  0 0 0 2 4 7  0 0 0 

K 439 0 - 5 - 5 - 3  0 0 0 217 0 0 0 249 0 0 0 
L 437 0 - 5 - 5 - 1 5  0 0 0 172 0 0 0 2 5 1  0 0 0 
M 444 0 -26 - 26 -10 0 0 0 131 0 -7 - 7 255 0 -14 -14 
N 401 0 - 2 4 - 2 4 -  0 0 0 94 0 - 5 - 5  .ZiB 0 - 1 7  -17 
0 447 0 -20 -20  -35 0 0 0 il 0 0 0 323 0 -l8 -18 

1s ........................ - 5 - ....... ............... - + 2 ........................ 0 ................ ........ - 4 
17 ........................ - 7 ........................ + 3 ........................ + 1 ........................ - 4 
16 ................. ..-..'.. - 7 ...................... :. + 4 ........................ + 2 ........................ - 4 
15 ........ ..- ..... ---.-... - 1 ........ ........ ........ + 5 ........ ........ ........ + 5 ........ ........ ........ - 4 
14 ..........-.-... -.--.... - 1 ........................ + 7 ........................ + 7 ........................ - 4 

13 ........ ....-... ........ + 8 ........ ........ ........ + 18 ........ ........ ........ + 15 ........ ........ ........ - 1 
12 ........................ + 1 5  ........................ +.?a ........................ + 1 4  ........................ + d  
11 ........................ + l R  ........................ + 2 4  ........................ + 7  ........................ + S  
10 ........................ + 1 9  ........................ + S  ........................ 1 + 8  ........................ + 8  
9 .  ........................ + i d  ........................ + l J  ........................ + 8 ........................ 4 - 3  

8 ........................ + 1 1  ........................ + I ?  ........................ + 6  ........................ + 4  
7 ........................ + 5  ........................ + 5  ........................ + 7  ........................ + 7  
6 ........................ + 8  ........................ + 7  ........................ + 9  ........................ + 8  
5 ........................ + 8 ........................ + 9 .............. .'......... + I 0  ........................ +11 
4 ........................ + 7  ........................ + 7  ........................ + R  ........................ + 7  

3 ........................ + 6  ........................ + 6  ........................ + 8  ............. ;.......... + 5  
2 ........................ + 3  ........................ + s  ...................... : . + s  ........................ + J  
1 ........................ + I ........................ + ' I  ........................ + 1 ........................ + I  ---------------- 

Td. ............. . ........... +I44 ......................... +I70 ........................ +IS1 ........................ +SO - 

Eleva- 
tlon in 

feet 
'Opg- 
w h y  

Potsdsm, N. P., No. S7 
' 

Wilson, N. I-., No. SS 

Com- 
pensa- 
tion 

2 9  
250 
m 
zco. 
SO 

0 2 7 0  
0 2 5 0  
0 2 7 0  

2 9 0 .  
250 

300 

- -  

T O P ~ ~ -  

",{iy 

Pz~ 
tion 

Alpena, Mich., No. 88 

130 
4 0  
430 
40 
420 

F 4 0 ' O  
470 

H 4 7 5  
I 5 2 7  

600 

577 

Elesa- 
tion in 

feet 

635 0 -18 -1s 

0 
0 
0 
o 
0 

0 
0 
0 
0 

-13 

-17 
350 0 - S 

+ 2  
+4S 
+2s 
+12 

. + 8  

0 
0 

0 

0 

5s5 
5S0 
580 
sso 
5SO 

O W  
0 5 9 0 . 0 .  
O ~ S I J ~ O  

590 
590 

590 

Virginia Beach. V3.. NO. 90 

+ a  
+56 
+53 
+2z 
+ 8  

0 
0 
0 
0 

0 

TOPog- 
rspllJ 

+ 2  
+56 
+53 
+a 
+ S  

0 
-13 

-17 

12 
12 
3 
2 
1 

2 
2 
0 

0 - 3  
-10 

-11 

'Om. 

%? 

0 
0 
0 
o 
0 

0 . 0  
0 
0 

0 . 0  
0 

0 

+ 2  
+56 
+BS 
+42 
+16 

0 

0 
0 

0 

Topog- 
"phy 

FA," 
penra- 
tion 

+ 2  
+4S 
0 2 s  
+ la  
+ S  

0 
0 

0 
0 

-- 
Topog- 

corn- * P ~ Y  
and 

tion 
"t%? 

Elex-a- 
tioll in 

feet 

0 
0 
0 
o 
0 

0 
0 
0 
0 

-16 

-3 

+ a  
0 
0 
o 
0 

0 
0 
0 
0 
0 

0 

. + 2  
0 
0 
o 
0 

0 
0 
0 
0 

0 

To~og-  
"ph9 

+ 2  
+56 
+a 
+n 
+16 

0 
0 
o 

-16 

-20 

0 
0 
0 
o 
0 

0 . 0  
0 
0 
0 
0 

0 
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e1ezrotion-s andcomeetions.for topography and isostatic ccnnpouation, separate zows, for United  states s t a t i o ~ o n t d .  

Zone 

A 
B 
C 
D 
E 

F 

H 
I 
J 

L 
M 
N 
0 

IS 
17 
16 
1 5  
14 

13 
12 
11 
10 
9 

8 
7 
6 
5 
4 

3 
2 

1 

Tea 

. A 
B 
C 
D 
E 

F 

Elers- 
tion in 

feet "ph> 

K 41.50 
L 1 4 

4 1 0  g /  4190 

Elevn- 
tion in 

feet 

. 
E I e m  
tion in 

feat 

New Madrid, Mo., No. 95 

+ 2 0  + 24 + 1 + 3 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

0 

18 
17 
16 
15 
14 

13 
12 
11 

9 

8 
7 
6 
5 
4 

3 
a 
1 

TOM.. 

Com- 

%Z 

0 
30S@ 

31W 
"43 

3 9  
339.1 
3 4 3  

...... : 

3CL1 
3470 

315Q 
2!1fi 
23.19 
?UM 
16%~ 3920 

'8phy 

gz- 
%F 

TOpg- 
mphg 

Toopg- 

",:? 
pen,, 
tion 

Ehva- 
tion in 

feet 
TOPog- 
=phy 

255 
2 1  
258 
258 
260 

W 
?W 
259 
2% 
2SS 

290 
2 9 ~  
305 m 
508 

1450 
1430 

1570 , 
l a 3  
1 
1170 
12N 

-60 - W 1 1 
- 2 4  - 4  
2 '  - 1  

Topog- 
raphy 

tion p,nsa-. ' 

t lon 

+ a  
+44 
+24 
+la 
+ S  

0 
0 '  
0 
o 
0 

0 
0 
0 
o 
0 

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

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

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

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

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

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

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

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

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

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

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

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

o 
0 
0 
o 
0 

0 
0 
0 
o 
0 

'0 
0 

-14 
-27 
-30 

3fen3, Ark., No. W Alpine, Tex., No. 98 

+ 3 + 16 

+ 1 
0 
0 

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

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

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

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

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

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

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

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

-194 

Corn- 
pens* 
tion 

TOwg- 
rsPhJ 

+ 2  
+U 
+24 
+12 
+ 8  

0 
0 
0 
o 
0 

0 
0 

-14 
-n 
-30 

- 6  - G - 6 - 6 
- 7  

-15 - 8 - 5 
0 

- 1  

+ S  + 7  + 8 
+10 
+ 7  

+ 6  
+ s  
+ 1  

la18 
laOg 
1209 
im 
1119 

1120 
l l i 5  
1247 
12'1s 
1222 

1192 
1 1 1 ~  
(102 w 
7W 

Nrogdoches, T-., Na 97 

ueo 
4460 
44m. 
4470: 
45W 

4550 
4520 
4546 

4960 

4910 
ram 
4M1 
4im) 
3 2 u  

Fnrwell, Tes., No. 9(1 

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

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

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

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

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

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

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

........................ 1 ........................ 
-- I... .....I........ +l54 

+ i9. + 14; 

+ 1 - 44: - 117 - 93. - 91. 

- 14- - 12: - 10 - 10. - 5. 

- 1. 
+ J  + 0. + 1.4 

: . + 9 .  

+ 8. + 6 + 7 + 1.0. 
+ - 7  

+ 8' + s + I 

+l= 

+ l l 4 ,  - 3 5  + 55 - 41 

-1Y4 

- 41 - 43 - 43 
- I S  - 4.4 
- 67 
- 3 4  
- 2 1  

0 

+ 9  
+ S  
+ 9  + 10 
+ 8  

+ 5  
+ s  
+ 1  

+I11 

Topog- 

",tiy 
mm- 

tion 

Cam- 
p e n s  
tion 

)+1 

+ 7  
+ 8  
+ l o  
+ 10 
+ s  
+ 6  
+ a  
' + 1  

- 8 

0 '  
- 16 

- ?O - 45 - 80 
- 9  - 6S 
- 13 
- 14 - 12 - 8 
- 6 

- 9 
- 2 
+ 4 + 9 
+ 8  

+ b ?  
+ 6  
+ 7  + 10 
+ 7  

+ 8  
+ s  
+ I  

+ 20 
0 

- I - 33 

- 40 - 3 
2 
- I S  
-167 

+ 44 + 21 + 1s + 7 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

+ 2 + 64 
+I13 
+ins 
+ 5 6  

+ 22 
+ 3  
+ 4  
+ a  

0 

0 
o 
0 
o 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

303 
300 
300 
300 
300 

300 
300 
900 
300 
7.91 

3S1 
%i 
2Wi 
311~ 
259 

+ 2 
+ m  
+I64 
+m 
+344 

+WO 
+la 
+ 8 0  

4 7 3 0 ' + 6 7  + 34 

+ 37 + 23 
+ ? 2  + 4 

0 

+ * + @ 
+l56 
+?i6 
+308 

+2(17 

4130 
4130 
4130 
4130 
4125 

4125 

- ?1 - 16 

- 3 

0 - 16 

- 40 - 72 
- 6  
-17. 
-167 

- 34 
- 3 4  
- $4 - S.$ - $6 

- 43 - 65 
-135 
-1W - 91 

: ....... 

o 
0 
0 
o 
0 

0 
0 
0 
o 
0 

0 
0 

-14 
-19 
-13 

+ a  
. +4S 

+32 
+12 
+ 8  

0 
0 
0 
o 
0 

0 
o 
0 
o 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

........ 

.... 1. 

41% + 64 + s 

Cupmon, Okla., No. 1011 

........I - 60 
- s 2  

1 
15 

- 1  

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

+ 2  
+ a .  
+32 
+12 
+ S  

0 
0 
0 
u 
0 

0 
o 

-14 
-19 
-13 

- 3  - 3 - 3 - 2 
- 1  

- c u 
- 2  
- 4 
- 7  
- 1  

+ 5  + S 
+I0 
+10 
+ S  

+ 6  + 
+ 1  

+77 

o- 
0 
0 
o 
0 

0 
0 

- 4  
- 5  
-16 

-20 
-27 
-51 
-37 
-37 

o 
0 - 4 - 6 - 8 

- 10 
- 1 2  
- 1 6  
- 4 0  - 48 

- SO 
-115 
-2i5 
-314 
-153 

+ 2 + 6S 
+I58 
+181 
+314 

+?I3 

m10 
311W 
311lO 
3100 
31150 

3n50 
3050 
3150 

Hdenv-owl, ~ h n n . ,  No. 101 

- 45 % I - SO 
0 - 5 9  

+ 2 + 64 
+I12 
+im 
+ 5 6  

+ 22 
+ 3  
. 0 

o - 16 

- 20 - n 
- 5 1  
- 3 7  - 3 i  

- 7 
- 7 - 7 - 7 - 7 

- 13 
- 1 0  - 9 - 7 
- 4  
+ ,a + S 
+ 9 
+ . I 1  
+ 8 

+ 5 
+ S 
+ 1 ------- 
+ 1 8  

+ 2 
+&¶ 
+iso 
+zr2 
+N 

+230, 
+I17 
+ 8 4  
+ n  - 14. 

- 43 - sz 
-253 
-210. 
-153 

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

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

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

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

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

........................ 
: ........................ 

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

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

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

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

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

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

O 
O 

- 2 
- 6 
- S 
- 10 

13% 
132;6 
1400 
1400 
1419 

14iO 
153il 
14.10 

0 

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

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

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

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

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

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

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

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

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

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

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

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

+ 2 + 6s 
+I52 
+?-I3 
+236 

+ I F  + 
+ 45 

Cloudla~id, Tenn., No. 102 

- -b;s 

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

6203 
6200 
6100 
5PnM 
5450 

5040 
41S0 
39sn 

........ 

- 30 - 30 - 32 
- 3 2  

- 55 
-a - 1 s  - ci 
+ . 3  

+ I $  + 8 + 10 + 10 
+ 9 

+ 6 
+ 9. 
+ f 

+ 2  + 64 
+I20 
+I32 
+ i s  
+ 36 + 12 

0 .  

+ 2  + 64 
+la 
+13? 
+ i 5  

+ 36 + 12 
+ 16 

- 
- - 

....... .j +326. 

0 
0 
0 
0 
0 

0 
0 - ie  

+ 2  
+ 65: +lb4 
+296 

+336 
+l96 
+ i n  

- 10 - 12 
. - 16 

+I% 
+ 60 
+ 32 

0 
0 - 4 - 6 

- 1 1  

- 15 - 15 - is 

+ 2. 
+ BS. 
+1W. 
+290. 
+397. 

+ 321. + IS1 
+ 109. 
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Mean elelmtiom and eorrtctwns for topography and isostatic co?npmuation, separate IOI~PS,  for United States statio?vr--Contd. 

- 

Hqhes, T-., No. 103 I Charleston, W. v;. No. l M  I State College, R, No. 105-1 F o i  Kent, Me., No. 106 

3 
2 
1 

Total. 

Eleva- 
tionin 

Ieat pens, 
tion I t ion p t Z  

Com- 
pens* 
tion 

Total. 

:$,$ 

Prentice, Wis., No. 107 

To~og- 

:{!y 
cm- 

- I- Fergus Falls, Minn., No. 1W 

Elev* 
tion in 

feet 

To~og- 
Com- 'ttiy Eleva- 
pens* 

feet 

Sheridan, Wyo.. No. 109 Boulder, Yont.. No. I10 

corn- 
pens* 
tion 

TOpOg- 

'",{:y T"mg- 
m P h Y  

.~ levac 
tlon in 

feet 

corn- 
pens* 
tion 

Topog- 

:iiy -- 
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Mean e l cva ths  and corrections for topography and dostatic cmnpe;uatiml, separate zones, for United ,States stntiolls--~ont& 

Zone 

8 
7 
6 
5 
4 

3 
2 
1 

Total.. 

I Winnernueca, Nev., No. 115 I Ely, Nex-., No. 116 I Guernsey, Wyo., No 117 I Pierre, S. Dsk., No. 11s 

1s ........................ 
17 ..................:..... 
18 ........................ 
15 ........................ 
14 ........................ 
13 ........................ 
12 ........................ 
11 ........................ 
10 ....................... 
9 ....................... 
8 ....................... 
7 ....................... 
6 ....................... 
5 ....................... 
4 ....................... 
3 ....................... 
2 ....................... 
1 ....................... --- 

Total.. ....................... 

Eleva- 
tion in 

feet 

........ + 7  ........................ + 7  ........................ + 7  ........................ + 8  

........ .......... .... + S  .................. .. .... + s  ........................ + 4  

........................ ........................ : 4  ........ ................ ........................ I-- 

. . .  . . . .  . .  

. . 

=phy 
Elev? 
tion ln 

feet 

' Skyomish, Wash., No. 111 

vopog- 
raphy 

Can- 
pensa- 
tion 

.... 

m + 2  o 
920 +64 0 
9% +96 0 
933 +72 
1144 +?8 0 

1740 + 3  - 5  
1925 - 5 - ti 
2375 - 1 - 13 
28% -19 -27 
3575 - 6  -40 

3G35 -22 - 52 
3'2s - 9 - 79 
267s - 4 -159 
2081 + 2  -109 
1775 - 1 - W 

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

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

Corn- 
pensa- 
tion 

Topog- 

t { ! y  

pens+ 
tion 

+ S  
+64 + 96 

0 0 7 3  + 36 
- 2  - 11 - 14 
- 4  
-1 

- 74 - S9 
-1E 
-107 
- 91 
-17 
-14 - 16 - 15 - 16 
- 99 - dl  
-10 - 1 
+ S  

+ 9 
+ 6  
+ 7  
+ 8  

I Com- 

p ~ ~ a -  mphy 

ToPoel ' g !~  Eleva- 

Olymph, Wash., No. 112 Truckee, Cal., No. 114 

Topog- 
raphy 

Ed- 
pens- 
tion 

. . 

CO 0 0 

corn- 

%?- 

Heppner, Oreg., No. 113 

rn 
59% 
59'25 

6019 

+64 -75 -11 

Eleva- 
tion in 

feet 
tion in 

feet 

19~0 
1x0 
19CO 

1960 

~3 
60 
60 
GO 
GO 

75 
S8 
309 
1206 
1174 

T"mg- 
mph9 

corn- 
pen.% 

+ ?  
+68 
+la 

5 9 4 0 + 3 O S - 6  
+4?0 

+ 3  
+16 + 4 
0 
0 

o 
0 
0 
0 
0 

Topog- 

",;? 
mm- 

penua- 
tion 

+ a  
+16 + 4 

0 
0 

+ 3 .  
+6S 
+I36 

196U+lSO 
+I34 

........................ + 8  ........................ + 8 -  ....................... + 9  

0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

o 
0 - 4 

- 16 

o 
0 
0 

- 6 

+ 2  
+ M  
+I59 
+WL 
+404 

0 
1 
-62 
-1 

1. 

+ z  
+6S 
+I36 

O + l M  
+I28 

0 - 7 
-G3 - 58 
- 6 - 6 - 5 
- $  - 
-1s 
-11 - S 
+ S  
+ 5  

+10 
+ 6  
+ 7  

1475 
2286 
2644 
30?1 

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

0 
0 
0 
0 

........................ ........................ ........................ ........................ 
1 ' 

- 38 
-133 
-133 
-151 

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

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

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

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

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

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

- 34 
-133 
-133 
-151 

-35 
-33 - 31 
-27 
- 3 2  

-49 
-23 - 16 

0 
+ G  

+10 
+ 7  
+ 7  

6912 
5557 
4575 
3613 

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

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

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

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

+ 2  + 10 
+ 8  
+ 8  

+is 
+ 9  
+ 8  

+ 38 + 33 + 8 + 1 

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

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

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

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

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

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

-103 
-342 
-254 
-1s 

-125 
-309 
-946 
-I& 

-38 
-37 - 40 
-43 
-37 

- 2 3  



INVESTIGATIONS OF GRAVITY A N D  ISOSTASY. 3 3 
Hean elevations and correetio?~ for topography and .isostatic eon~pematLon, separate zones, for UnitadStatrs statio,u- Contd. 

I Fort Dodge, Iowa, No. 119 1 Iieithsburg, Ill., No. 120 I Grand Rapids, Mich., No. 121 1 Angola, Ind., No. 122 

To~og-  

'",i!y, 
eom- 

pensem 
tion 

Zone 

A 
B 
C 
D 
E 

F 
G 
H 

J 

K 
L 
M 
N 
0 

18 
17 
16 
15 
14 

13 
13 
11 
10 
9 

S 
7 
6 
5 
4 

3 
z 
1 

Total 

A 
B 
C 
D 
E 

F 

I 
J 

6 
L 
M 
N 
0 

18 
17 
16 
15 
14 

13 
12 
11 
l o  
9 

8 
7 
6 
5 
4 

3 
3 
1 

Total.. 

TOpog- Eleva- 
tion in 

feet 

-. 

Corn- 
pe+* t,on 

E1ex.a- 
tionin 

feet 

1116 
1116 
1116 
1116 
1116 

1116 
1116 
1116 

1116 

1116 
1110 
1150 
1103 
9 

T;$F 

+ a  + 64 
+lOS 
+ %  + 45 

+ 20 
0 + 4 

I l l l 6 + 5 - 5  
0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

o 
0 
0 
0 
0 

; - 4 

-16 

-20 
-24 
-63 
-54 
6 1  

517 
5 7  
550 
550 
550 

5s0 
0 5 %  

550 

550 
550 

~ o p o g -  

7;:~ 
pensa- 
tion 

Corn- 
pens* 
tion 

+ a  + 61 
4-103 
+ 9 6  + 48 

+ $  
0 

-16 

-20 - W - 63 
-51  
- 6  

- 11 
-11 

11 

Albany, N. Y., No. 123 

- IS 
- 1 3  

- fi? - 15 
-14 - 11 
- 6  

0 
+ ?  + 9 + 10 + 6 

+ 4 + 4 + I 

+ 15 

+ 3  
+56 
+64 
+36 
+16 

; 
0 
0 
0 

0 
0 

774 
774 
774 
774 
774 

774 
0 7 7 4  

7i4 
730 
737 

737 
690 
653 
711 
1 3  

........ 

614 0 
0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1 ~ 3  
1043 
1043 
lWO 
1040 

1040 
0 1 O O O  

1000 
0 1 0 0 0  

1000 

loo0 
971 
903 

' 744 
737 

200 
mo 
185 
IS3 
l i2  

155 
G I 5 5  
H l 9 6  

257 
306 

393 
G i l  
933 

1215 
1071, 

Eleva- 
tion in 

feet 

o 
0 
0 
0 
0 

; 
0 
0 

-16 

0% 

-24 

59387'-17-3 

0 
o 
0 
0 
0 

0 
0 
0 
0 

0 - a - 2  

- 7  
-15 
-54 
-63 
-57 

.: ...... 

1 ........ 

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

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

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

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

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

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

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

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

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

+ 2  
+40 
+13 
+ 6  
+ 7  

0 
0 
0 
0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Corn- 
pen- 
tion T,"p"z!- 

+ n  
+56 
+64 
+36 
+ l b  

0 

0 
0 

-16 

-20 - 
-33 
-32 
3 

+ z  
+RO 
+M 
+54 
+24 

+10 

0 

-16 

-3 
-24 
-37 
-39 
-44 

- 7 - 
- 7 

7 - s - 9 

- 18 
-10 - 4 - 1 
+ I  

+ 6  + 7 
+ 8  + s 
6 

+ 5  
+ 4  
+ I  

+31 

+ a  
+60 
+%I 
+.% 
+% 

+10 
0 
0 
0 
0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

........................ ' 

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

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

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

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

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

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

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

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

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

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

+ a  + RI 
+I04 
+ 9 0  + 40 

+ a  
0 
0 
0 
0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

+ 2  
+do 
+13 
+ 6  
+ 7  

0 

0 

- 7  
-15 
-54 
-03 
-57 

- s 
- 8 1  - 8  
- 5  - 4 
+ I  
+14 
+15 
+14 
+I0 

+t,$ 
+ 6  
+ 6  
+ 6  
+ 6  

+ 8  
+ 4  + 1 

-60 

+ 5 
+ Y  
+ 7  + S 
+24  + 22 
+ 2 5  + 20 + 19 

+ 17 + 6 + 6 + 6 

Atlantic city, N. J.,No. 123 

: ..... 

-33 
-32 
-38 

- 7 - 7 - 7 - 7 
- 9  

-18 
-11 
- 8  
- 6  
- 2  

+ S  
+ 7  
+ S  
+10 
+ 7  

+ 5  
+ Y  
+ 1  --------------- 
-27 

o 
0 
0 
0 
0 

0 
0 
0 
0 

-16 

-20 
-34 
-37 
-39 
-44 

:. 

Port Jervis, N. T., No. 124 

+ 8 

+ 5 ........................ + 4 
................. ........ + 1 

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

Bridgeharnpton, N. T.. No. 126 

13 
14 
14 
7 
0 

0 - 6  
0 - B  

-10 

- 2  
- 9  
+ 4  
-21 
+15 

- 4  
- 8  

0 

+ 7  
+17 
+I7 
+14 
+10 

+14 
+ 6  
+ 6  
+ 6  

o 
0 
0 
0 
0 

0 
0 
0 
0 

-16 

-20 
-W 
-53 
-36 
-41 

461 
461 
460 
451 
485 

0 7 2 7  
0 9 1 9  

9 
sac 
830 
S 3  

l0Oi 
s9 
713 

........ 

........ 

~ o p o g -  

rtEi? 
tion 

+ a  + &I 
+1W 
+ m  + 40 

+ 2 0  
0 
0 
0 

-16 

-20  - 21 - 53 
-36 
- 4 1  

- 7 
- 7  
- 7  
- 8 
- 9  

- 16 - 9 

t 1 
- 4 
+ $  

+ 8 + s + 6 

+ 4 
+ 1 0  
+ 1 2  + 14 
+ 2 1  + 19 
+20 + le + I? 

+ I6 + 8 + 8' + 6 

33 
33 
32 
35 
42 

42 
0 5 3  
O M  

0 0 0 2 2 0 0  
0 - 8  

-16 
-31 

O - M  4 

75 

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

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

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

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

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

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

........................ 
1 ........................ ......................... 

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

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

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

........................ 
+ 6  

:,"$;- 
Eleva- 
tion in 

feet 

- 

+ "  + i 
0 
0 
0 

0 

0 
0 

0 
0 

+ 1  

+ 2  + s 
0 
0 
0 

0 
0 
0 

o 
0 
0 

0 O 
0 

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

0 
o 
0 
0 
0 

0 
0 
0 

o 
0 

+1 

........, 

:... 
................ 

+ 2  + 2 
0 
0 
0 

0 
0 
0 

o 
0 
0 

0 O 
0 

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

........................ + 6 

+ 6  + 
+ f 
+% 

+ 2  
+56 
+53 
+33 
+ 9  

0 - 4  

- 9 
o - i 5 - i 5 . - e  

-18 
-37 
-5s 
-49 

- 
+ 2 + s 

0 
0 
0 

0 
0 
0 
0 
0 

0 
+ 1  

+ 2  
+51j 
-.-53 
+23 
+ 9  

5 6 8 + 4  
0 
0 - 6 

0 
0 
0 
0 
0 

: 

0 
o 
0 
0 
0 

0 
0 
0 

o 
0 
0 

0 O 
0 

+ 6 + 6 
+ 4  + 4  ................ ........ :::: + , 

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

corn- 
pensa- 

0 
o 
0 
0 
0 

0 
0 - 3 

-IS 
-27 
-59 
-49 
-38 

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

I I 

TOP%- 

W ~ Y  
eom- 
pan.* 
tion 

.I 0 
- 1 : - 1  

+ 1  
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Zone 

TOpOg- 

A- 

A 
B 
C 
D 
E 

F 
G 
H 

Ei 
L 
M 
N 
0 

1s 
17 
16 
15 
14 

13 
12 
11 
10 
9 

8 
7 
6 
5 
4 

3 
2 
1 

.rocl... 

A 
I1 
C 
D 
E 

F 

H 
I 
J 

P 
L 
M 
N 
0 

1s 
I7 
16 
15 
14 

13 
12 
11 
10 
9 

8 
7 
6 
5 

3 
2 
1 

Total . 

Corn-. 
pen* 

ion 
E l e ~  tlon ln 
feet 

TOpOg- 
mphy 

Corn- 

%::* 
npog- 
raphg 

Topog- 
WJhy 

ttd- 
pensa- 
tion 

Chotham, Mass., Xo. 127 

Topog- 

tt\y 
com- 

pensa- 
tion 

'Om- 

raphy 
Elemr- 
tionin 
leet 

Lancaster, N. H., No. 129 Rockland, Me., No. 125 

5 
10 
19 
20 
10 

4 
5 

- 5  
1 - 1 0  
J - 6  

- 27 - 48 - $9 
-159 
-126 

........... 

Elcva- 
tion in 
'eet 

Topog- 
mPhY 
and 
corn- 

pensa- 
t ion 

31 
32 
30 
34 
42 

51 
90 
92 
51 
63 

71 
1 - 15 - 38 

165 

+ h ' . . . . . . . .  ........I 

:::::::: 

whitehill, N. Y., NO. 130 

Ele? 
tion ~n 
leet 

Corn- 

%:;a- 

% 
0 8 5 1 + 9 0  

870 
696 

1N1 

0 1 2 3 1  

l l i 0  
1421 
155i 
962 
701 

........ 

125 
125 

167 
200 

2?4 
298 
3 3  
518 
866 

642 
6% 

4 . . .  

........ :.. 

ToFJg- 

",{"dy 
co,n- 

pensa- 
tion 

0 
0 

0 
- 2  

I Y M + 1 3 - 3 + 9  

- 5  

+ 2 - 1 3 - 1 1  

-21 
-33 
-87 
-52 
-38 

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

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

TG 
+68 
+32 

0 1 0 2 1 + 4 - 4  
+ 2  

0 1 0 S + 1 0 - 1 0  

+ 2 
0 
0 
0 
0 

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

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

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

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

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

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

........................ ' 

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

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

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

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

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

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

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

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

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

0 + 1  
+ 2  

0 
0 
0 

0 
0 
0 
0 
0 

0 + 1 + 4 + 9 + 7 

0 
+ 1  
+ 5  + 10 
+ 1 6  

+ 3 7  
+ 3 3  + 27 + 21 + 13. 

+ 1s 

+ h' 
+ t :  
+ 6  

+ 6  + + 4 - 
+ I ~ O  

+1 
+2 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

........................ 
: 

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

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

Little Falls, N. y., No. 131 

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

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

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

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

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

+ 2  
+60 

0 + 9 0  
+6S 
+30 

0 
- 3  

0 

-22 
-33 
-87 
-52 
-38 

- 5  - 5 
- 5  - 5 - 4 
- 8 
+ S  
+10 
+14 
+11 

+IS 
+ B  + R 
+ r l  
6 

+ 8  
+ 5  + 1 

+ '  + i  
0 
0 

0 

0 

- 1 
0 
0 + 2 - 8 

- 3 - 4 
- 3  - 3 - S 
+ &  
+ 1 5  + -9 + 18 + 13 

+ Id 
+ 6  
+ R 
+ a  + 6 

+ 6  + 5 + 1 

........I 

+ 2  
+2S 

1 3 + 8  
+ 4  
+ 2 -  

0 
0 
0 
0 

0 
0 

+2 
+S 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

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

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

........................ 
:: ...... 

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

........................ 
::: ..... 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
+1 
+4 
+9. 
+7 

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

........ 1 ........ 1 . . . . . . . . I  + I n  

Ihtertosn, N. Y., No. 133 Southport. N. Y., No. 133 

................ ( +68 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

-1 
0 
0 

+2 
-8 

......... ::::: ... 
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-66 
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-58 

-10 
-10) 
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+ 5  
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+ 8. 
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+ 6  
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........................ 

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

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

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

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

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

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

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

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

........ 1.. 
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0 
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- 7  - 7 
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5.52 
id 
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: 

0 
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0 
0 
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- 6  
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0 
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........................ ........................ ........................ 
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-20 
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+ d  
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+ f 
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+I6 
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0 
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0 
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0 
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0 
0 

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

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

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

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

........................ +3s 

0 
0 
0 
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0 
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0 
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- 9  - 8 

-13 
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-44 
-47 
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+5S 
+i6 
+AS. 
+16. 

+lo- 
0. 
0. 
0 - S. 

-14 
-18 
-44 
-47 
-51 

-10. 
-10. 
- 9 .  
-11 
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+ 6. 
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+ 8. 
+ r .  + 7 
+ 8 .  
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Eleva- 
t h i n  
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mplly 

Zone 
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710 
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........................ ........................ 
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0 
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707 
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0 
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+Xi 
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+ 8 
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........ 
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--.-.-..I--. .... . 
.. ...... ........ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 

919 
019 
920 
920 
900 

S O  
Si5. 

905 
925 

925 
1014 
1400 
lil9 
1550 

........ 

........ 

........ 

........ 

........ 

. .. . . . . . 

Topoi? m ~ h ~  

........................ + d  

+ 2  
+60 
+94 
+70 
+30 

+13 
+ 3  
+ 3  
+ S  

0 

0 
0 
0 
0 
0 

........ 

........ 

........ 

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

0 
o 
o - 4 - 4 

- 5 
-13 
-16 
-20 - 21 
- 43 - 6s 
-155 - 85 - 74 

........ 

........ 

...- .... 

........ 

: ...... 

Bristol, Va., No. 156 

corn- 

pensa- tion 

'mag- 

",:!y 

pensa- mm- 
tion 

.- 

+ 3  
+64 
+ss 
+7S 
+39 

+13 
+ 3  
+ 3  
+ S  
0 

0 
0 
0 
0 
0 

........ 

........ 

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

16S5 
16% 
1RS5 
1655 
17n0 

1735 
1779 

1S65 
1525 

1.W 
3100 
23il 
2135 
1575 

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

........ 

........ 

0 
o 
o - 1 

- 3  

- 3 
- 3  
- 3  
- S  
-16 

-20 
-24 
-67 
-71 
-65 

........ 

........ 

........ 

........ 

1 ........ 

+ P  
+64 
+96 
+7S 
+36 

+13 
+ 3  

0 
-16 

-20 
-34 - 
-SS 
-S6 

-13 
-13. 
-11 
- 8  
- 6  

- 9  
- 1  
+ 5  
+1l 
+ 7  

+ G  
+ 6  
+ 7  
+10 
+ 7  

+ 6  
+ S  
+ I  

-13 . . . . . . .. 

+ 3  
+64 
+96 
+iS 
+3S 

+15 
+ 6  

+ 3  
+ S  

0 

0 
0 
0 
0 
0 

........ 

........ 

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

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

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

Homestead, Fla., No. 157 

 leva- 
tionin feet 

8 
o 
0 

. - 2  

- 3 
- 3  
- 3  
- 8  
-16 

-20 
-24 
-16 
-51 
-67 

........ 

........ 

........ 

........ 

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

+ 2  
+GO 
+94 
+li9 
+2S 

+10 
0 
0 
0 

-16 

- 
-24 
-67 
-71 
-15 

-10 
-10 - 9 - 7 
- 6  

- 7  
0.  

+ 5  
+I0 
+ 6  

+ 6  + a  

0 
0 
0 
0 - 3 

- 3 
- 3  

- 8 '  
-16' 

-20 
-24 
-59 
-S - 

........ 

........ 

........ 

........ 

:. 
........ 

14 
13 
14 
14 
14 

14 
14 
14 
14 
14 

2 
3 - 77 

-312 

Sebrlng, Fla., No. 15s 

$ 643 
+gs + 78 
+37 

+ 10 
0 
0 
0 - 16 

- 20 - 24 - 46 - 51 - 67 
- 10 - 10 - 10 - 5 
- 3  

- . #  
+10 

::$ 
+11 

+10 
+ s  
+ 8  

+ 2  + 6S 
+I28 
+1% 
+I00 

+ 50 
+24 

0 
0 

-16 

- 26 - 51 
-137 
-110 

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

+ 2  + G3 
+I28 
+I56 
+I04 

+ 55 
+30 

0 1 8 4 6 + 1 0 - 1 0  
+20 

0 

+ 3 
0 + 2 
0 

con,: 
~ B P ~ Y  

0 
0 
0 
0 - 4 

- 5 - 6 
-20 
-16 

- 2Y - 51 
' -139 
-110 

+1 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

112 
113 
115 
113 
100 

1W 
100 
100 
100 
100 

100 
100 
$3 
I 
11 

........ 

........ 

........ 

..... .. 

..: 

........ 

........ 

To~og- 

=;{'Y 
mm- 

%E 

0 

........ 

........ 

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

.; ...... 
.................. 
........................ 
........................ 
........................ ........ ........................ 
........................ 
........................ 
........................ 

+ ?  
+% 
+ 4  

0 
. 0 

0 
0 
0 
0 
0 

0 
0 
.O 
0 
0 

........ 

........ 

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

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

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

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

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

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

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

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

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

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

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

-4 
-4 
0 

........ 

........ 

........ 

........ 

........ 

+ 2  + 26 
+ 4  

0 
0 

0 
0 
0 
0 
0 

0 
0 - 4 

- 4 
0 

+ 1 
+ 2 
+ 4 
+ 6  
+ 9  

+fig 
+Y1 
+ 34 

. + 2.9 
+14 

+ 1 3  
+ 6  
+ 6  + 10 
+ 8  

+ B  
+ B  
+ l  

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 + 4 

+I9 
-439 , 0 

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

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 + 4 + 19 

+21 

........ 

........ 

........ 

........ 

........ 

.. .. .. . . 

........ 

........ 

........ 

........ 

---------------- 

- 7 , : S7 

- ........ 14 
........ 13 - ........ 12 

. .. . . . . . ........I +392 I.. . . . . . . 

+ 21 
+ 5 + 4 + 4 
+ 6  
+ #  

+Y6 
+I1 
+47 
+ 97 
+15 

+16 
+ 5  
+ 5  + 10 

. + S  

+ 6  
+ 9  
+ I  

........ 

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

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

........ 
: ....., 

........ 

+11S I.. . . . . .. ... .. . .. . . . . . . . . 

-10 - 6 
- 8 + 2 + s + 13 + 9 

+ S 
+ 6  + 7 + 10 
+ 7  

+ 6  
+ S  
+ 1  

+Z?S 
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-- 

T O W ~ -  
Com- ",$! y 

A 
B' 
C 
D 

H 

16 
N 
0 

18 
17 
16 
15 
14 

L3 
12 
11 
10 
U 
8 
7 
6 
5 
4 

3 
a 
1 

TOM 

A 
B 
C 
D 
E 

F 
G 
H 

' I 
J 

6 
L 
16 
N 
0 

18 
17 
16 
15 
14 

13 
12 
11 
10 
9 

8 
7 
6 
5 
4 

3 
2 
1 

Total 

Elevfr- 
tion ln 

feet 

Topog- 
=phY 

g,". 
tion 

Topof? 
w h y  

.. .-- 
l'itusville. Fla.. No . 159 

Com- 
pens* 
tion 

.-.--. 
8 
8 

10 
10 

10 
I 1 0  
J 1 0  

K 1 0  
L l 5  

6 
- 3 5  
-302 

....'.... 

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

..:'. 

tion 

Leesburg. Fla.. No . 160 Cedar Iiep. Fla.. No . 161 

El- 
tionin 

feet 

8 
8 
4 
4 
2 

2 
0 ' 2 . 0  

2 

9 
22 

Macon . Ga .. No . 162 

com- 
pens* 
ti, 

%peg- 
'BP~Y 

+a 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

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

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

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

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

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

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

........................ 
L... .................... 

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

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

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

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

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

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

+ 2  
O + U  
0 + 4  

: + 3  0 

~ 1 o o o o m o o o a o o o m o o  

0 

0 

0 
- 4 - 4 - 5  

- 3  
0 

0 
+ I  
+ 2  + 6 
+ 8  

+ 94 + 36 
+ 2 8  + 31 + 14 

+ I ?  + 6 
+ 6  + 10 + a  
+ 6 
+ s  + 1 ---------------- 
+.% 

100 

0 . 8 0  
80 

0 8 0  

0 0 0 8 0 0 0 0  
0 8 0  

92 
59 
18 

l"m'Jg- 

rt$iy 
mm- 

pt"io%? 

+2 
0 
0 
0 
0 

0 

2 . 0  

0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

326 

0 3 2 6 + 3 f 3  

0 3 5 0  
0 3 5 0  
0 4 0 0  

0 4 0 0  
0 4 5 7  

451 
525 

Albany. Ga.. No . 163 

0 
0 
0 
0 

E l 0 0 0 0 8 0 0  

G 1 0 O O O 8 0  
0 
0 
0 

0 
0 
0 

+I7 

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

.'...... 

+ 2  
9 5 2 4  
9 0 + 4  
8 0 + 3  

0 
0 
0 

0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

0 
0 
0 
0 
0 

0 - 2 - 2  
0 - 3 - 3  
0 - 4 - 4  

0 - 6 - 6  
0 - 1 0 - 1 0  
0 - 2 6  

-30 
-30 

+ 2  
3 3 2 + 5 0  

W + l 5  
3 0 0 + 4  

0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

190 
200 
200 

200 

200 
aoo 
200 
250 
a50 

300 
281 
208 
300 

Pensaeola. Fla.. No . 164 Opelika. .&la.. No . 165 

+ a  
0 
0 
0 

0 

0 
0 

+ 1 7  

+ 4 
+ 5  
+ 5  
+ 5  
+ 8  

+I + SO 
+ 3 4  + 94 + 14 

+ 1 4  + 6 
+ 6  + 10 
+ 8  

+ 6 
+ 2  + 1 

+228 

0 

0 
0 
0 

0 

-3 
0 

0 
0 
0 
0 
0 

O O O 2 O O O W O - 1 - 1  
0 
0 
0 

2 0 0 0 4 0 0  
0 
0 
0 
0 

: 

+ 2  
+50 
+36 
+15 
+ 4  

o 

-28 
-30 
-30 

5 
- 5  
- 5  
- 8  
- 1  

+ 1  
+ 6  
+11 
+16 
+10 

+ g  
+ 6  
+ 7  
+10 
+ 7  

+ 6  
+ 3  
+ I  

+07 

soJ 
8W 
800 

800 

750 
732 
687 

650 
610 
557 
581 
532 

Huntsville. Ala.. No . 166 

+ 2  
0 

0 
0 

0 
0 

, 0 
0 
0 + 7 

+ 1 0  

+ 2.9 + 20 
+%I + i8 + 18 

+ 1 1  + 6 
+ 7  + 10 
+ 7  

+ 6 
+ S  + 1 

+I63 

+ a  
+40 
+l6 

2 0 0 + 6  
+ 1  

0 o 
0 
0 
0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

6 
11 
11 
11 ........ 

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

........ ........ 
21 . 16 

-158 

0 

0 
0 

0 o 
0 
0 
0 

0 
0 
0 
0 

+9 

: 

+ 2  
+60 
+S 

8 0 0 + 6 3  
+28 

+ 3  
+ 7  

0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

+ 2  
+58 
+7e 
+Q 
+I6 

+lo 
0' 

0 
0 

-16 

-20 
-a4 
-47 
-4 
-40 

- 8  
- 7  
. 8  

8 
6 

- 8  
-- s 
+ 8  
+ 8  
+ 5  

+ 5  
+ 6  
+ 7  
+lo 
+ 7  

+ 6  
+ S  
+ I  

+3r 

+1 
+2 

0 
0 
0 

0 o 
0 
0 
0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

0 
0 
0 

0 

0 
o 

- 1  
- 2  
- 8  

- 4  

-13 
-12 
-15 

+ 1 + 
0 
0 

0 o 
0 
0 
0 

0 
0 

. 0 
0 +' D 

+ 1  
+ 3  
+ 3  + 6 + 8 

+ 1 6  + 1s + 8 + 9 
y 5 

+ 7  + 7 + 9 + 10 + 8 

+ 6 + s 
+ I  

+I35 

0 
0 o 
0 
0 

0 o 
- 3  
- 8  
-16 

-m 
-W 
-47 
-43 
-40 

655 
655 
655 

650 

67s 
772 
7@, 
738 

715 
742 

. 839 
Sl2 
711 

+ 2 + 40 + 16 
O + 6  

+ 1  

0 o 
- 1  
- 2  
- 3  

- 4  
- 7 - 7  . 13 
. 12 . 15 

- 2  
- 3  
- 3  + 5 + 4 

+ 8 + 8 + 10 + 15 
+11  

+ 9  + 6 + 7 + 10 + 7 

4- 6 + 3 
+ 1  

+I07 

0 
0 
o 
0 

7 5 0 + 1 2 - 2 + l O  
7 s r + 4 - a ' + l  

- 3  
- 8  
-16 

. 
-32 

' -31 
-33 

I .. 

---- 

+ 2  
+58 
+m 

6 5 0 + 4 8  
+l6 

6 3 0 + 1 0  o 
+ 3  
+ 8  

0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

+ 2 + 60 + ss 
O + 6 3  

+ a 8  

0 
- 1  
- 1 6  

- 2 0  
- 1 6 - 1 6  . 32 . 31 
. 33 

- 5  
- 5  
- 4  

2 
0 

+ 9 
+ 4 + 7 + 12 
+ 8  

+ 7  + 6 
+ 7 + 10 
+ 7 

+ 0 
+ S 
+ I  

+lei 

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

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

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

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

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

........................ 
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Yean ekvations and correctians for topography all2 isostatic mnpeluation, separate zones, for United ij"j'atts statkms-contd. 
- -- 

Zone 

Com- 
pensa- 
tion 

Eleva- 
tion in 

feet 

Topog- 
rsphy 

g,"," 
tion 

A 
B 
C 
D 
E 

F 

H 
I 
J 

K 
. L 

M 
N 
0 

IS 
17 
16 
15 
14 

13 
12 
11 
10 
9 

8 
7 

. 6 
5 
4 

3 
a 
1 

Total 

A 
I3 
C 
D 
E 

F 
G 
H 

1 
J 

6 
L 
M 
N 
0 

18 
17 
16 
15 
14 

13 
12 
11 
I0 

. 9 

8 " 

6 
5 
4 

3 
2 
1 

TOM.. 

2s;- 

Arkansaa City, Ark., No; 167 mphts ,  Tenn., No. 165 

Eleva- 
tion in 

feet 

2M 
264 
2M 
2M 
264 

m 
O Z G I  

2G4 

% 

? 
338 
1 

l 

TOpg- 
PBphy 

Corn- 
pens* 
tion 

143 
143 
143 

. 134 
143 

143 
0 1 4 3  

143 
143 
143 

143 
143 
1% 
148 
141 

Mammoth Spring, Ark., No. 169 

0 
0 
0 
0 
0 

0 
0 
O 
0 
0 

0 

-: - I 
. 

+ 2  
+32 
+10 + 3 

0 .  

0 
0 
0 
0 
0 

0 

0 
0 

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

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

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

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

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

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

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

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

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

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

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

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

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

+ 2  
+41 
+2S + 6 
+ 4  

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

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

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

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

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

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

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

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

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

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

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

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

........................ 

HolWsville, Ky., No. 170 

Topog- 

y\iy 
2::; 
t ion 

+ 2  
+32 
+10 + 3 

0 

0 

0 
0 
0 

0 

- 6  - 7 

- 2 - 3 - 3 
- 4 - 4 
'- 2 - 1 - 1 

0 - 3 

+ 5  + 8 + 
+11 + 7 

+ 5  
+ J  + 1 

+4 

512 
512 
512 
512 

O M  
7 
700 
7M) 

700 
700 
679 
659 
i l l  

........ 

.r  

577 
5i7 
577 
600 
6W 

0 6 0 0  
6W 
600 
600 

800 
600 
500 
500 
519 

Danville, Ky., No. lil Clif!on Forge, Ba., No. 172 

0 
0 
0 
0 
0 

0 
0 

- 2  
- 3  

- 4  
- 6  
-15 
-20 
-19 

: 

+ 2  
+56 
+60 
+30 
-1-16 

+ 5  
0 

4 - 3  
+ 2  

0 

0 
0 
0 
0 

. 0 

........................ ........................ 

........................ ........................ 

........................ ........................ ........................ ........................ 

........................ 

........................ 
....................... 

................. ........................ 

........................ 

........................ ........................ 

........................ 
-------,-----.- 

........................ 

0 
0 
0 
0 
0 

0 
- 3  
- 6  
-11 

-14 
-17 
-40 
-35 
-40 

........,........ 

: 

l W  
1066 
1066 
1066 
1212 

1320 
1350 
1406 
1515 
1850 

1920 
1946 
1971 
1SS8 
1.101 

+ 2  + 
+28 + 6 
+i 

0 ' 0  

0 
- 2  
- 3  

- 4  
- 6  
-15 
-20 
-19 

- 4 - 4 - 4 - 5 - 5 
- 8 - 6 - J 
+ 1 - 1 

+ 
+ 7 
8 
+I0 
+ 7 

+ 6  + a  + 1 

+22 

+ 2  
+56 
+IN 
+30 
+16 

o + 5  

0 
- 4  
-11 

- 1  
-1i 
-40 
-38 
-40 

- 1 - 7 - 6 - 6 
- 6  

-13 - 0 
- 7 
- 4 - 3 

9 
+ 7 
+ 8  
+10 
+ 7 

+ 6  
+ 3  
f 1 

-19 

+ 2  
+S 
+GS 
+36 
+16 

m + 5  

+ 3  
+ 2  

0 

0 
0 
0 
0 
0 

................ ........................ ........................ ........................ ........................ 

........................ ......................... ........................ ........................ 

........................ 

........................ ........................ ........................ ........................ ........................ 

........................ ........................ 

........................ 

........................ 

+ 2  + 64 
+lo4 
+ a  
+ M  

+ 1 6  
0 
0 
0 - 16 

- 2 0  - 24 - 50 - 42 - 49 

- 9 - 9 - 10 - 8 - 6 

- 1 1  
- 4  + 1 
+ 6  
+ 6 

+ 6 
+ 6 + 7 + 10 
+ 7 

+ 6 
+ 5 
+ 1 

+I10 

Greenville,.Als., No. 173. 

Eleva- 
tionin 

feet 

Birmingham, Ala., No. 174 

0 
0 
0 
0 
0 

- 3  
- 3  
- 5  
- 1 0  - 16 

- 2 0  - 24 - 50 - 42 - 49 

+ "  + & 
+1M 
+90  
+ 4 9  

+23 
+ 4  
+ 0  
4 - 8  + 4 

+ 1 
0 
0 
0 
0 

........................ ........................ 

........................ ........................ ........................ 

........................ 

........................ 

........................ 

........................ ........................ 

........................ 

........................ ........................ ........................ ........................ 

........................ 

........................ 

........................ 

953 
983 
983 
SV3 
SV3 

950 
94s 
953 
940 
944 

840 
900 
879 
819 

. 907 

TOp0g- 

0 
0 
0 
0 
0 

0 
0 . 0  

- 3  
- 6  
- 8  

-10 
-12 
-28 
-32 
-29 

..; ..... 

........I.. 

+ 2  + 64 
-I-104. 
+84 
+ 4 0  

+ 1 9  
+ 3  
+ 5  
+ 1 0  

0 

0 
0 
0 
0 
0 

........................ ........................ ........................ ........................ 

........................ 

........................ 

........................ ........................ ........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

i 
427 
4110 
400 
400 

400 
400 
300 
300 
300 

300 
300 
257 
IS1 
271 

---------------- 

~ o m -  
peusa- 
tion 

+ 2  
+56 
+68 
+36 
+ l e  

+ 5  
0 
0 

- 4  
- 8  

-10 
-12 
-% 
-32 
-29 

- 6 - 6 - 6 - 7 
- 7  

-13 - 6 - 9 
+ 3 
+ 9 

+ 4  + 7 
+ 8  
+10 + 7 

+ 6  
+ 3  + 1 

+59 

0 
0 
0 
0 
0 

- 1  
- 1  
- 2  
- 2  - 3 

- 4  - I 

-15 
-10 
-12 

5% 
580 
590 
590 
6W 

624 
671 
666 
6S5 
644 

610 
615 
536 
531 
511 

0 
0 
0 
0 

- 2  

- 4  
- 5  
- 8  
- 1 4  - 20 

- 3 1  - 45 
-115 - 9i - 75 

+ 2  
+56 
+52 

'+20 
+ 8  

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

........................ ........................ ........................ ........................ ........................ 

........................ ........................ ........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

 leva- 
tionin 

feet 

Topog- 

' z i p  

pens, 
tion 

+ 2  
+56 
+52 
+h) 
+ S  

- 1  
- 1  
- 2  
- 2  - 3 

- 4  - 7 
-15 
-10 
-12 

- 2 
- 2  - 2 
+ I  + 9 
+ 8  

. + 6  
+ e  
+ 9  
+ 7  

+ 7  
+ 7  
+ 8  
+I1 
+ 7  

+ 6  
+ $  
+ 1  

................ 1. ....... 

0 
0 
0 
0 
0 

0 
' 0  
- 3  

. - 8  
-15 

-17 
-13 
-28 
-29 
-25 

: 

+ 2  
+56 
+72 
+42 
+16 

+ 5  
0. 

+ 3  
+ 8  

0 

0 
0 
0 
0 
0 

........................ ...-.................... ........................ ........................ 

........................ 

........................ ........................ ........................ ........................ ....................... 

........................ ........................ ........................ ........................ ........................ 

........................ ........................ 

........................ 

........................ 

+ 2  + 64 
+10S 
+90 
+47 

+ 1 9  
- 1  
- 2  
- 8  - 16 

- 3 0  - 45 
-115 - 97 - 15 

- 1 1  - 10 - 10 - 8 - 7 

- S 
+ 6  
+ 1 1  
+ 1 5  
+ 1 0  

+ 1 0  
+ 6 + 8 + 8 
+ 7 

+ 6 
+ 3 + 1 

.............. +I63 

+ 2  
+58 
+72 
+42 
+16 

+ 5  
0 
0 
0 

-15 

-17 
-13 
-25 
-D 
-25 

- 5  
- 5  - 5 
- 6  
- 4 
- 2  
+ I  
+ q  
+ S  
+ 5  

+ 6  
+ 7  
+ 8  
+I1 
+ 7  

+ 5  
+ 3  
+ I  

+1G6 - 26 

mphy 
corn- 
pensa- 
tion 

Topog- 

::!J 
p e n s  
tion 
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zone 

-- 
A 
B 
C 
D 
E 

F 
G 
H 

J 

6 
L 
M 
N 
0 

IS 
17 
16 
15 
14 

13 
. 12 

11 
10 
9 

8 
7 
6 
5 
4 

3 
2 
1 

To~s~.. 

A 

C 
D 
E 

F 
G 
II 
I 

Eleve- 
tion in 

feet 

J Ba) 0 - 8  - 8  loo0 0 - 1 2 - 1 2  0 -10 -10 lluo + 2 -12 - 1 0  

L 6W 0 -14 -14 979 0 -33 - 0 -3 -24 1054 0 -24 - 24 
M 679 0 -38 -30 1023 0 -56 - ' 1  0 -58 -58 93l 0 -53 - 53 

EI~VB-  
tion in 

feet 

N 
0 

1s 
17 
16 
15 
14 

13 
12 
11 
10 . 
9 

S 
7 
6 
5 
4 

3 
2 
1 

'PPtsl. 

TOpOg- 
mphy 

........................ + 1 ........................ + 1 ........................ + 1 + I 

........I.. ...... ...... .. + 54 ........................ -45 ........................ +19 +I% 

TOpOg- 
P&phy 

Lexhgtcm, Va., No. 175 

66S 
900 

corn- 
pens* 
tion 

1063 
1063 
1063 
1063 
1000 

1030 
1058 

I 1 1 M + 1 0  
1312 

1735 
1725 
1493 
1550 
1U8 

Oeonto, TVis., NO. l i9  

Com- 
peps* 
tmn 

Topog- 

",tiJ 
wrn- 

tion 

Prestonsburg, Ky., No. 176 

600 + a  - 3  0 1000 + 8 775 + 5  - 3  + 3  llU0 + l o  - 4  + 6 
CW 4 -3  - 3  0 1OOO + 5 + 931 + 5  - 5  0 11OO + 6 - 6  0 
600 + G  - 6  0 1 0 0 ( 1 + 9  - 9  0 9 s  +lo  -10 0 1 1 0 0 + 5  -10 - 5  

594 
594 
5!X 
600 
600 

800 

0 
0 

........................ ..-......-.-.....--..... ........................ 

........................ 

........................ 

........................ 

........................ ........................ 

........................ ....................... 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 
......................... 

634 
4 
634 
750 
744 

880 
8'53 
RR9 
555 
90i) 

SSO 
983 

1050 
llOG 
1 8 6  

........... 

........................ + 3 

+ 2 + 64 
+lo8 
+ 9 4  + 46 

+ l S  
+ 4  

1 O Q 4 + . 5  

+ 3 

+ 2 
(1 
0 
0 
0 

........................ ........................ ........................ ........................ ........................ 

........................ 

........................ ......................... ........................ 

........................ 

........................ ........................ ........................ ........................ 

........................ 

........................ 

Grand Rapids, Wis., No. 1M 

'bw- 
",f:"dY 
wm- 

tion 

Traverse City, Mch., No. 177 

$4 
+ i O  
+40 
+16 

+ 5  

-37 
-53 

........................ + S 

+ 2  
+56 
+76 
+36 
+18 

+ 9  
- 1 3  
+ 4  
+ 8  + 6 

+ 4 
0 
0 
0 
0 

: ........................ ........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ ........................ 
........................ 
........................ 
......................... 
........................ 

0 
0 
0 
0 - 2 

- 3  
- 4  
- 5  
-10 
-16 

-20 
-43 
-84 
-81 
-75 

591 
. 591 

600 
3 
1 

572 
5'51 
6l.S 
592 
W9 

6 1  

BJ4 
IJ3F 

Saney, Mch. No. 178 

TVinona, Minn., No. 181 

lOrU 
1003 
1090 
1000 
1000 

Eleva, 
tionin 

feet 

+ 2 + 64 
+10S 
+ 9 4  + 44 

+ I 5  
0 
0 
0 - 13 

- 18 - 43 
- 8 1  
- 8 1  
- 5 5  

- 11 - 10 - 10 - 7 - 6 

- 8 + 7 + 1s 
+ 1 6  
+ l l  

+ 10 + 5 + 6 + 8 + 7 

+ 6 

733 
730 
730 
730 
730 

700 
700 
700 
700 
700 

700 
692 
625 
500 
539 

Baldwin, Wis., No. 182 

+ 2  + 64 
+1M + 84 
+ 4 0  

l W . + 1 9  

0 
0 
0 
0 
0 

- 2  

0 
0 
0 
0 
0 

0 

-37 
-53 

- 9 - 9 - 8 - 7 - 8 

-17 
-11 
- 7  
- 6  
- 1  

+ s  
+ 6  
+ 8  + 8 
+ 6  

+ l  

0 
0 
0 
0 
0 

- 2  
- 3  
- 4  
- 8  
-18 

-20 
-24 
-59 
-56 
-60 

............ 

........................ + 6 

+ 2  
+58 
+72 
+39 
+16 

+ 4  
0 

+ 3  
+ 5  

0 

(1 
0 
0 
0 
P 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

1132 
1122 
1122 
1120 
11% 

1100 

+ 3  + 64 
+1M + S1 
+.M 

+ 1 7  

660 
660 
W 

650 

+ 2  
+58 
+i0 
+4U 
+l8  

+ 5  

+ 2  
+5R 
+ i G  
+30 
+16 

+ 7  
0 
0 
0 

-10 

-16 
-24 
-59 
-56 - 
-14 
-14 
-13 
-10 
- 8  

-10 
- 1  
+ 5  
+10 
+ 7  

+ 7 
5 

9 
+ 7  

+ 6 

+ 2  
+60 
+S4 
+51 
+% 

+ 9  
+ 2  
+ 3  
+ 2  + 1 

0 
0 
0 
0 
0 

........................ ........................ 

........................ 

........................ ........................ 

........................ 

........................ 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

................ 

+ 2  
+58 
+76 
+48 
+30 

+ 7  

0 
0 
0 
0 
0 

- 3  

969 
1021 

Towg- 
,phy 

0 
0 
0 
0 
0 

0 
0 

- 2  
- 5  - 6 

-10 
-17 
- 4  
-33 
-37 

+ 2  
+58 
+76 
+48 
020 

+ 5  

+ 2  + 64 
+I08 
+102 + 54 

+23 

- 7 1  

ToPoB 
"phy 

gt- 
tion 

Corn- 

pg; 

+ 2  
+S 
+73 
+39 
+16 

+ 4  
0 
0 
0 - 6 

-10 
-17 
-41 
-33 
-37 

- 6 - 6 - 6 - 7 
- 6  

-16 ........................ 
........................ 
........................ 
........................ I 
........................ 
........................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
........................ 
........................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  + 6  

0 
0 
0 
0 - 3 

- 3  
- 3  
- 3  
- 7  
-10 

-12 
-16 
-35 
-2S 
-21 

I ........ 

0 
0 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ ........................ 

......................... 

........................ 

........................ ........................ 

........................ 

........................ 

........................ 

........................ ........................ 

........................ 

-11 

- S  - 0 

+ 6 
+ 6  
+ 7  
+ 7  
+ 6  

+ 6  

+ 2  
+W) 
+8P 
+51 
+U 

+ 7  
0 
0 - 5 

-.9 

-12 
-16 
-35 
-23 
-?1 

- 6 - 7 - 7 - 7 
- 8  

-18 
-11 
- 6  
- 2  

0 

+ 6 
+ 6  
+ 7  
+ 7  
+ 6  

0 
0 
0 
0 - 2 

- 3  

........................ 

Elev? 
tionm 

feet 

+ 2  + 64 
+I08 
+I02 
+ 52 

+23 

-4s 
-58 

"PhJ 

- 4s 
- 5 8  

- 10 - 10 - 9 - 9 - 9 

- IS - 12 - 7 - 5 - d 

+ S + 6 + 8 + 0 
+ 6 :  

+ 4  
+ 4  + 1 

+ 5 2 1  
-651 

........................ 

C m -  
pen* 

tion 

To~o?" 

:gf 
Yh* 

........................ 

1081 0 -50 
-59 

+ 6 1  

1090 

---------------- 

0 

........................ 

........................ 

......................... 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 
....................... 
........................ 
........................ 
........................ 

-50 
-3 

-11 
-11 
-11 
-11 
-11 

-I! -1.3 
- 8  
- 8  
- 3  

+ s  
+ 6  
0 
+10 
+ 6  

+ 4  
+ 4  
+ I  

lOM 
1079 

0 
0 

........................ 

........................ 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ ........................ 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

-49 - - 49 
- 5 6  

- 11 - 13 - 11 - 12 
- 18 

- 5'1 - 15 
- 1 1  - 9 - 5 

0 + 8 
+ 0 + 10 
+ 6  

+ 4  
+ 4  + 1 
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zone 

Ele* Corn 

%zs- 

Total. 

Topog- 

?;!y 
corn- 

%?- 
2:;; 

-. 

A 
.B 

C 
D 
E 

F 
Q 
H 
J 

K 
L 
Y 
N 
0 

19 
17 
16 
15 
14 

13 
12 
11 
10 
9 

8 
7 
6 
5 
4 

3 
2 
1 

Total. 

A 
B 

E 

F 
G 
H 
1 
J 

K 
L 
M 
N 
0 

1s 
17 
16 
15 
14 

13 
1s 
11 
10 
9 

a 
7 
6 
5 
4 

3 
2 
1 

Al~erdeen, S. Dak., No. 186 

P!:? 

...................... ........................ 

1299 
1300 
13UO 
1300 
1300 

1300 
1305 

1304 
1314 

1332 

........................ 

Topog- 

rt;iY 
corn- 
penss- 
tion 

Cumberlmd, Wis., No. 1% 

+ 85 

+ 2  
+ M  
+I20 
+1% 
+ W 3  

+ 3 4  + 15 
1 3 0 5 + 6  

+ 1 4  
0 

0 

Cambridge, MYtn, No. 1S4 

1246 
1246 
1% 
12-50 
1350 

1200 
EOO 

1 1 2 4 0  
1N 

120 
1 I  
lllM 
1056 
1071 

1335 0 
1354 0 
lW6 0 
1580 0 

........................ ........................ 

........................ 

........................ ........................ 

........................ 

........................ 

........................ 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ ........................ 

........................ 

6% 
994 
834 

1000 
1000 

1000 
1000 

1WO 
lOUO 

1000 
9 
971 

1050 
1100 

............... 

0 
0 
0 
0 

- 2  

- 4  
- 4  
- 6  
-11 
-13 

-20 
-29 
-81 
-53 
-58 

: ....... 

+ 2  
+ 8 P  
+I16 
+I14 
+66 

++a4 
+ l o  

l m + 6  
+ 5  + 3 

+ 3 
0. 

. 0 
0 
0 

........................ ........................ ........................ 

........................ ................ 

........................ 

Braherd, Minn., No. 195 

0 1  + 2  + 2  

$1% 
+114 
+ 6 4  

+ 2 0  
+ 6  

0 
- 6  
-10  

- 1S - 29 
- 61 - 53 
- 58 

- 11 - 11 - 12 - 11 - 11 

- *v 
14 

l?n5 
13305 
1210 
1314 
l?UU 

1200 
1200 

1WO 
1200 

1200 
1200 
1121 
1 2  
1200 

0 
- 2  

- 4  - 5 
- 6  
-12 
-16 

-20 
-32 
-76 
-$3 
-9? 

--- 

11 
0  

+ 2  
+rd 
+I04 
+ 8 4  
+ 4 2  

+ 2 0  + s 
l O W + 5  

+ 9  
0 

0 
0 
0 
0 
0 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 
: ........................ 

........................ ........................ 

......................... 

........................ ........................ 

........................ 

+fig 
+I20 
+ 6 4  

+ 3 0  + 10 
0 
0 

- 1 6  

, - 20 - 32 - 78 - $3 - 93 
- 1 5  - 15 
- 1 6  - 11; 
- P i  

- $4 - 29 
- 5 1  
- 1 5  
- 8  

- 3  
+ c T  
+ 9  + 11 
+ 7  

$ 4  
+ I  

- 54 
-- 

Croshy, N. Dak., No. 190 IIarrnarth, N. Dak., No. 188 

0 
0 
0 

2 - -  
- 3  

+ 2  
+ M  
+I18 
+I08 
+ G O  

+ 2 0  + 0 
- 8 + 6  

- 6  
- 1 0  

- 1s - 1 - GS - 05 - 70 

- 12 - 13 
-12  - 12 
- 1 3  

- dl - 15 
- 1 5  
- 1 1  - 6 

- 1  
+ 5  
+ 9  + 10 
+ 6  

+ 4  
+ 4  
+ 1  

+ 27 

+ 2  
+64 
i l l 6  
+I08 
+63 

+23 + 10 
1 ? 0 0 + 1 3  

+ 5  + 3 

+ 2 
0 
0 
0 
0 

........................ ........................ 

........................ ........................ ........................ 

................... 

........................ 

........................ ........................ ........................ ........................ ........................ 

....................... ........................ ........................+ 

........................ 

Ton.ner, N. Dak., No. IS9 

+ z  + 88 
+I35 
+IS0 
+l26 

+ GO + 24 + 6 
0 - 12 

- 26 
- 4 2  
-110 
-104 
-1W 

- 20 - !22 - 21 - 22 
- 2 3  

1 $ 
- 2 4  - 19 
-'I6 

- 9  
+ 5  
+ 1 0  + 9 + 7 

+ 3  

286  
2700 
2700 
2700 
2700 

2700 
2700 
27GU 
2800 
2SOO 

2500 
3033 
3193 
31100 
2.0 

+ P  
+ C Y I  
+I04 
+ 8 4  
+ 4 0  

+ 1 7  

0 
0 
0 
0 

- 2  

- 3  - 4 

-11 
-13 

-20 
-29 
-riS 
-65 
-70 

- 4 

0 
+ G  
+ 9  + 10 
+ 6  

+ 4 
+ I  

I ------- 
+ ii 

Fdth, S. Dak., No. 1 8  

........................ + 4  

o 
0 
0 - 2 - . 4  

- 6 - 7 - 10 - 20 - 20 

- 30 
- 4 5  
-111 
-104 
-100 

i s a l c 2  

................ I::::: ... 

................ 1 ........ 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ --- 

........................ 

s o  
25SO 
25SO 
2GOO 
2GW 

2GW 
2500 
2500 
2505 
2525 

2500 
2417 
2293 
23% 
8559 

+ 5  

+ 2  + OS 
+14S 
+325 
+?Ol 

+I13 + 59 + 37 + 28 + 10 

+ 10 + 6 + 6 + 
0 

........................ 

........................ 
....................... 
........................ 
........................ 
....................... 
....................... 
....................... 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 

i 4 n ( + a  
19GS I 
1970 
1970 
2000 

XUl 
2000 
20UO 
l9W 
1969 

1'370 
1988 
lW3 
2038 
2007 

- 9  
-13 

-16 
-24 
-56 
-49 
-57 

........ 

+ J  

o 
0 
0 

- 2  - 2 

- 4 - 5 - 7 
-14 
-16 

-93 
-36 
-89 
-93 
-95 

1479 
1479 
lJSO 
11500 

1500 
1.500 
1500 
1.500 
1500 

1500 
1500 
10?8 
1775 
1731 

+ 68 
+13S 
+la 
+I30 

+ I% + 31 + 16 + 20 + 8 

+ 4 

f ! 
0 
0 

........................ ........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

0 
- 1 2  

- 16 - 24 - 58 - 49 - 57 

- 1 1  - 11 
- 1 2  - 13 
- 1 3  

- 20 - 15 
- 1 8  - 9 
- 5  

0 
+ ( I  
+ 9  + 10 
+ ( I  

+ 4  
+ 4  
4 - 1  

+ ?0 

+ 2  + 68 
+14S 
+221 
+I98 

+lo8 + 47 + 28 + 25 + 11 
+ 7 + 6 + 3 

0 
0 

........................ 

........................ 

........................ ........................ 
......................... 
........................ ........................ 

o 
0 
0 - 3 - 5 

- S - 10 - 13 - 20 - 26 

- 48 - 73 
-188 

"158 
-135 

+ 2  + C4 
+1?4 
+13S + SO 
+ 35 + 12 + 7 

0 
, - 16 

- 23 - 36 
-89  
-9.1 - 95 

- 1? - l b  - 1 G  - 16 - 19 

- Sh' - 23 - 19 - 17 - 11 

- , $  
+ 4  
+ 1 0  
+ I 0  + 7 

+ S  

+ G4 
+I24 
+I40 + $3 

+ 39 + 17 + 14 + 14 
0 

0 
0 
0 
0 
0 

........................ 

........................ 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

+ ?  + 63 
+14S 
+2?2 
+1% 

+I05 + 45 
+ 24 

0 - 16 

- 30 - 87 
-1M 
-155 
-135 

- 2 i  - 27 - 2s - 2S 
-29  

- 55 - $4 
- 2 s  - 10 - 9 

o 
+ G  
+ 8  
+ 1 0  + 7 

+ 4  

o 
0 
0 - 3 - 6 

- 8 - 9 - 1'3 - 25 - 37 

- 40 - 59 
-133 
-117 
-129 

+ ?  + GS 
+I48 
+a18 
+I92 

+lo0 + 38 + 18 
0 - 16 

- 33 - 53 
-129 
-117 
-129 

- 2 9  - 29 - 2s - $0 
-S1 

- 49 - st 
- 2 7  - 16 - 7 

- 1  
+ 6  
+ . 9  
+ 1 0  + 7 

+ 4  
+ $  
+ l  

........................ I ......................... ......................... 

........................ 

........................ 

......................... 

........................ 

......................... 

........................ ........................ 

........................ ---- 
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I I I I I I I I Cmkston, Idinn., No. 191 Poplar, Mont., No. 192 

Zone 

I 1 I I I I I 1 Miles City, h o n t .  No. 1% Huntley, Mont., No. 194 

Elevs- 
tion feet in 

Eleve- 

ti;;? 

I h n d i r ,  Mryo., No. 195 Farihault, Mim., No. 196 1 St. James, lllm., No. 197 I Bdgernont, 8. Dal., No.;* 

LTF 

8 ........................ 
7 ........................ 
6 ........................ 
5 ........................ 
4 I l l  ........................ 

T,"$!- 

3 ........................ 
2 ........................ 
1 ........................ --- 
........................ Total. 

Topog- 
'8phy ::- 
%Z 

cam- 

p e n s  tion 

Corn- 
pf- tlon 

 lev* 
tion in 

feet 

To~og- 

",$iy 
m, 

tion 

TOpOg- 
'8phr 

Eleve- 
tionin 

feet 

C4m. 
pens* 
tion 

am- 
pqnsa- 
tlon 

fipog- 

"BtiY 

%r 

~ o p o g  

",tiy 
nrn- 

%n" 
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Mean cbvationa and corrccliom for topography and.isostatic rompmation, separate zones, for United States statiom-C,ontd. 

Zone 

- 
A 
B 
C 
D 
E 

F- 
G 
H 
I 
J 

I; 
L 
M 
N 
(3 

18 
17 
16 
15 
14 

13 
12 
11 
10 
9 

8 
7 
6 
5 
4 

3 
2 
1 

Total.. 

A 
B 
C 

. D 
E 

F 
G 
H 
I 
J 

6 
L 
M 
N 
0 

. 18 
li 
16 
15 
14 

13 
12 
11 
10 
9 

8 
7 
6 
6 
4 

3 
2 
1 

Total.. 

Com- 
pens* 
tion 

- 
TOW%- 
=phy ::- 
penss- 
tion 

Corn- '",!!9 Eleva- 
tion in 

. tion 

Eleva- 
tion in 

feet 

- 

2:;;- 
' 

W 0 g -  
=Phy 

I TOpog- 
Corn- mphy 
pens& 
tion 1 

tion 

Dawson, Minn., No. 109 Cokato, Minn., No. a00 Wasta, 8. Dak., No. 201 

To~og- 
= P ~ Y  
s d -  . tion 

Elevsr 
tion in 

feet 

1059 
1060 
1052 
105s 
1W4 

104s 

lO?S 1033 
1048 
1041 

1040 
1012 
1036 
1044 
1121 

1059 
1060 
la52 
10% 
1050 

1058 
lOi6 
1081 
1094 
1097 

1102 
1 1 3  
1200 
1331 
1350 

2317 
2320 
2320 
2320 
2355 

24M 
2400 
2400 
2500 
2500 

2SM 
1 0 0  
2586 
3%2 
3052 

---------------- 

Moorcroft, Wyo., No. 202 

TOPO~- 
"ph9 

0 
' 0 

0 
0 - 2 

- 3 - 4. 

-12 

-18 
-27 
-60 
-65 
-il 

, ....... 

:. 

+ 2  + 64 
+I06 + 93 + 47 

+ 23 + 9 + 6 
4 - 9  + 2 

0 
0 
0 
0 
0 

........................ ........................ 

........................ 

................ ........................ 

........................ 

........................ 

........................ 

........................ ........................ 

........................ 

........................ 

...................... 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

4249 
480  
4239 
4236 
4250 

4300 
1300 
4300 
4300 
4300 

4320 
4521 
4657 
4558 
4321 

+ 2  + 64 
+I06 + 93 + 45 

+ 20 + 5 

+ - 10 

- IS - 37 
-66  - 65 - 71 

- 13 - 12 - 13 
- 14 - 18 

- 67 
- 1 8  - 16 - 13 - 7 

. -  J 
+ 6  
+ 9  
+ I 0  
+ 6  

+ 4 + 4 + 1 

- 33 

4 - 2  + 64 
+lo6 + 90 + 42 

+ 23 + 9 + 5 
+ 9  + 5 

+ 3 
0 
0 
0 
0 

........................ ........................ 

........................ 

........................ 

........................ 

........................ ........................ ........................ ........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

+ 2  + 68 
+I44 
+I98 
+I65 

+ $3 + 42 + 21 
+ I S  + 7 

+ 5 
+ 6 

0 
+ 2 

0 

........................ ........................ ......................... ........................ ........................ 

........................ 

........................ 

........................ 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

......................... 

Duluth, Minn., No. 203 

+ 2  + 68 
+I62 
+ 2 S  
+322 

+2aa 
+I20 + 72 
+70 + 40 

+ 21 
+ 20 
+ 1 9  + 5 

0 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ ........................ 

Osage, Iowa. No. 204 

70s 
70j 
708 
753 
806 

811 
Sil 
900 
932 
969 

1 
1093 
1162 
1188 

................ 

Randolph. Nelr.. No. 205 

0 
0 
0 

. 0 - 2 

- 3 - 4 
.- 5 
- 9  
-11 

-16 
-24 
-57 
-53 
-56 

0 
0 
0 
0 - 5 

- 6 - 8 - 11 
-20  - 24 

- 40 - 63 
-151 
- 9  
-156 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

+ 2  + 64 
+I06 + 90 + 40 

+ 20 + 5 
0 
0 - 6 

- 14 - 24 
- 5 7  - 53 - 56 

- 13 - 12 - 13 - 18 
- 14 

- 22 
- 1 5  - IS - I 1  
- 6  

- 1  
+ 6  
+ 9  
+ 1 0  
+ 6  

+ 4 + 4 
+ 1  

+ 26 

+ 2  + 68 
+I44 
+I9S 
+I60 

+ S2 + 34 .+ 10 
- 2  - 17 

- 35 - 56 
-151 
-147 
-158 

- 31 
-32  - 32 
- SJ 
-S5  

- 65 
- 3 3  - 99 - 18. - 6 

+ 1 
+ 6  
+ 9  
+ I 0  
+ 7  

+ 4 + 3 
+ 1  

-130 

0 
0 - 2 - 6 - 8 

- 10 - 12 - 16 
- 4 0  - 48 

- 62 
-107 
-272 
-240 
-214 

+ J  
+ 6  
+ g  
+ 1 0  
+ 7  

+ 4 + S 
+ 1  

+ 2  
+RO 
+SO 
+46 
+22 

+12 + 4 
+ 2  + 5 + 1 

+ 1 
0 
0 
0 
0 

........................ ........................ ........................ ........................ ........................ 

........................ ........................ ........................ ........................ ................ 

......................... ........................ ................... ........................ ........................ 

........................ ........................ ........................ 

1167 
1170 
1170 
1200 
1200 

1200 
1200 
1200 
1150 
1150 

1130 
1142 
1129 
1056 
968 

..... ::: 
1 

16M 
1 
1WS 
1659 
l i O O  

1700 
1700 
1700 
17W 
1631 

1620 

1514 
1512 
1539 

...... : 

+ 2  + 88 
+lW 
+a76 
+314 

+212 
+lo8 
+ 56 
+a0 - 8 

- 41 - 87 . 
-253 
-235 
-214 

- 44 - 44 - 41 
- 45 
.-qj 

- 88 
- 39  - 81 - 19 

8 

0 
0 
0 
0 - 3 

- 4  
- 4 
- 6  
-11 
-11 

-18 
-27 
-64 
-52 
-56 

.... 

............... 
------------- 

1 

+ 2  + 64 
+I12 
+I02 + 56 

+.23 + 11 + 7 + 11 + 1 

+ 1 
+ 3  

0 
0 
0 

........................ ........................ ........................ ........................ ........................ 

........................ ........................ ........................ ........................ ........................ 

........................ ................... ........................ ........................ ........................ 
..................... : 

........................ 
...................... 

0 
0 
0 

- 2  - 4 

- 5  - 6 
- S  
-12 
-16 

-25 

+ 2  
-I- 68 
+I32 
+15S 
+I07 

+ 5 0  + 18 
+ l o  
+ 12 + 5 

+ 4 
1 6 1 7 ' + 2  

+ 2 
0 
0 

........................ ........................ ........................ ........................ ........................ 

........................ ........................ ........................ 

........................ 

........................ 

........................ 

........................ ........................ ........................ ........................ 
................. 

........................ ........................ 

........................ 

+ 2  + &I 
+I12 
+I03 + 53 

+ I 9  + 7 + 1 .  
0 - 10 

- 17 
-24  - 64 - 53 - 50 

- 10 - 10 - 10 - 11 - 12 

- 90 - 14 
-11 - 8 
- 4 
+ S  
+ 8  
+ 9  
+ 1 0  
+ 6  

+ 4 + 4 
+ 1  

+ 69 

0 
0 
0 
0 - 2 

- 2  - 3 
- 5  - 8 
-11 

-15 
-2j 
-65 
-59 
-67 

1 ........ 

.... 

+ 2  + 68 
+I32 
+I% 
+I03 

+ 4 5  + 12 

f 2 0 
- 11 

- 21 

................ 1 ........I + 50 

Valentine. Nehr.. No. 206 

+ 2  + 60 
+ + S O  
+ 4 6  + 20 

+ l o  + 1 - 3 
- 3 - 10 

- 14 
- 2 5  
- 65 
- 59 - 67 

- 11 - 11 - 11 - 19 
- 1 1  

- 1 8  - 13 - 11 
- 1 0  - 6 

- 1  
+ b  
+ O  
+ 9  
+ 8  

+ + $ 
+ I  

1 ........ 

- 37  
- 8 6  - 79 - 88 
- 16 - 17 - 17 - PO 
- 9 1  

- SE - 93 
- -m - 14 - 6 

0 
+ I  
+ 8  
+ 1 0  
+ 7  

+ 
+ 53 -103 

2 5 7 6 1 + 3  0 
0 
0 - 3 - 5 

- 8 - 12 
-12  - 23 - 2s 

- 44 
-66 
-157 
-139 
-125 

............. 

25i0 
2576 
2576 
2575 

25F  2515 
2600 
2630 
2&38 

2685 
2762 
2721 
2644 
3 9 6  

...... 

, 

+ a  + 68 
. + I 4 8  

+216 
+IS6 

+ 9 8  + 36. 
+ 2 0  

0 - 16 

- 33 
- 8 0  
-152 
-134 
-122 

- 25 - 25 
-25 - $8 
- # 8  

1 4; 
- M  
- 1 7  - 8 

0 
+ 8  
+ 8  
+11 
+ 7  

+ J  
+ d  
+ 1  

+ 40 

+ 68 
+I48 
+219 
+I91 

+I06 + 48 
+ 3 2  + 23 + 12 

+ 11 
+ 6  + 5 + 5 + 3 

........................ ........................ ........................ ........................ ........................ 
...... ........................ ........................ ........................ 

........................ 

........................ ........................ ........................ ........................ ........................ 

........................ ........................ 

........................ 
I---- ........................ 
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Mean elevations and corrections for topography and isostatic? coaapensatioioli, sqnrate zones, for United States s ta t . ionMontd .  

Eleva- 
tion in 

Zrme 

Wheeling, W. Va., No. 207 
7 

%pOg- 
" P ~ Y  

A 674 + 2 0 1 + 3 1127 + 3 176 +-3  0 + 2  340 + 2  0 + 3  

'Mof4- 

m&:Y 
,m- 

tlon 

Eleva 
tion in 

feet 

F 
. Q  
H 

3: 
J 

Ei 
L 
M 
N 
0 

18 
17 
10 
15 
14 

13 
12 
11 
10 
9 

8 
7 
6 
5 
4 

3 
2 
1 

Total.. 

B 
. C 
D 
E 

F 
G 
H 
1 
J 

K 
L 
M 
N 
0 

18 
17 
16 
15 
14 

13 
12 
11 
10 
9 

S 
7 
6 
6 
4 

Leon, Iowa, No. 208 

Eleva 
tion in 

feet 

Com- 
pens* 
tion '8phy 

Topog- 

rt{!y ,, 
pensa 
tion 

TOpOg- 
mphy 

Corn- 
p n s a  
tlon 

3 ........................ + 6  ........................ + 4  + 6 
3 ....................... 3 ........................ + 4 

................ : ........................ + I  -..-.. , + 1 

Total.. ................ ........ ................ ........ ........ ........ ........ 

SO8 
573 
97s 

1002 
1059 

1070 
1112 
llnO 
1013 
1196 

Co~p- 
pensa 
:ion 

Laurel, Md., No. 209 Harrisburg, Pa., No. 210 
- 

+ 9  
+ 5  
+ 3  
+ 2  
+ 1  

+ 1 
+ a  + 2 

0 
0 

........................ ........................ ........................ ........................ ........................ 

........................ ........................ ........................ ..................... ........................ 

TOPOP- 
"phy 

:$ 
%," 

........................ C ........................ ........................ ........................ ........................ 

........................ ........................ 

........................ 

........................ 

Com- 
pensa- 
tlon 

- 2  
- 3  
- 5  
- 9  
-12 

-17 
-27 
-6 
-51 
-60 

:.. 

Eleva- 
tionin 

feet 

Topog- 

",gy 
%?- 

7 

+ 8 
+ 6  
+ 6  
+ 8  
+ 7  

+ 6  
+ 3  
+ I  

34 I - 

TOpg- 
*phy 

+ 7  
+ 2  
- 3  
- 7  
-11 

-16 
-25 
- 3  
-51 
-60 

-13 
-13 
-13 
-11 
-10 

-13 - S + +i 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ 
........................ ------ 
........................ 

Plttsburg, Pa., No. 211 

1100 

1100 

1100 

1100 
ioa 
1057 
1012 
943 

1: 

........................ ........................ 

........................ 

........................ 

+I@ ........I. 
+1Y +18 
+ 6  + 6  + 9 + 6  + 6  

+ 1 1  + 7  + 7  + 7 ..................... + "  , + 5 + 6  
+ S . _ . _  ... .... + 4  + I + I  

I- + 73 

m 
772 
77s 
m 
8jg 

SG5 
925 
966 
990 

1031 

10.w 
1075 
986 

1 
1236 

........I 

+ 2 4  
1 1 0 1 ) + 9  

+ 3 
1 1 0 1 ) + 6  

+ 3  

+ 2 + 3 
+ 1 

0 
0 

........................ ........................ ........................ ........................ ........................ 

........................ ........................ ...................... ...................... ........................ 

........................ + d 

Ro&~ille, Md., No. 212 

+ 3  
+GO 
+s7 
+a 
+% 

+13 
+ 4  
+ 4  
+ 4  
+ 2  

1 .  
0 
0 
0 

' 0 

........................ ........................ 

........................ 

........................ 

........................ 

........................ 

Fairfax, Va., No. 314 Upper Marlbao, Md., No. 213 

........ I 

........ 1 

......................... 

........................ 

........................ 

........................ ........................ 

37s 
372 
350 
381 
359 

353 
355 
345 
302 
275 

2 ~ 2  

- 3  
- 4  
- 5  
- 9  
-11 

-1s 
-26 
-58 
-59 
-50 

+ 2 
+ W  + 50 + 3 + 8 

+ 2  
0 - 1 

- 3  
- 4 - 4  

- 6 . - 6  - 9 - 14 - 17 - 25 

- 7 - 5 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ ........................ 

422 
4% 
429 
425 
418 

401 
381 
385 
373 
365 

3 ~ s  
360 
248 
3 
497 

o l  + 2  + s  
+12 + 1 o 

0 

0 
0 

- 1  
- 1  
- 1  

- a  
- 2  
- 3 - 8 
- l G  

- G  - 7 - 8 

38 
40 
35 
3.2 
69 

90 
94 

100 
121 
1?4 

i 
90 
01 

157 
310 

........................ + 7 

+ 2  
+53 
+'I0 
+lo 
+10 

+ 3 .  
+ 1  
+ 1  

0 
0 

Q 

0 
0 - 1 

- 2  

- 3  
- 3  
- 5  
- 8  
-11 

- 1  
-26 
-5S 
-81 
-G2 

................ ................ 

................ 

+ 2 1  
+ 5  + 3 
- 3  
- 9  

- 16 
- 2 4  
- 57 
-52  
- 5 0  

- 9 - 9 - 9 - I0 - 11 

- 80 - I3 

+ s  
+56 
+50 
+E + 8 

+ 3  
+ 1  
+ 1  

0 
0 

o 
0 
0 
0 
0 

........................ ........................ 

........................ 

210 0 
27s 0 
370 / 0 
5% 0 

.. ;.; ...I 

........................ 

........................ ........................ ........................ 

........................ 

........................ ........................ ........................ 

........................ 

........................ 
........................ ........................ 
................ 

+60 
+ST 
+r,o 
+24 

+10 
+ 1  
- 1  
--4 
- 9  

- 1  
1 -?ti 

-5s 
6 1  
-62 

-11 
-12 
-13 
-10 
- 9  

-11 - 1 
.+ 4 
9 

' + 7 

9 
+ 6  
+ 6  
+ 8  

- 6 - I 
+ 7 
+15 
+1P 
+t7 
+I1 

+I3 
+ d  
+ 4  
+ 7  

+ B + 1 + 17 
+ 1 7  + 11 

+ I d  + 6 + 6 

o 
0 
0 
o 
U 

- 1  
- 1  
- 2  
- 3  

- 9 
-14 
1 7  
- 5  

+ a  
+l2 + 1 

o 
0 

0 
0 
0 
0 
0 

o 
0 
0 
0 
0 

........................ ........................ ........................ 

u 
0 
0 
o - 1 

- 1  
- 1  
- 3  
- 3  
- 3  

- 4  

........ r ....... ........ +I7 ........................ 
........ ............... 

206 
233 
251 
PG1 
2G3 

370 
? a  
186 
213 
413 

........................ ........................ 

........................ 

........................ ........................ 

........................ ........................ 

........................ 

........................ ........................ ........................ 

o 
0 
0 
o 
0 

0 
0 

- 1  
- 1  
- 1  

- 2  - 2 - 3 - S 
-16 

+ 2 
+ 5 3  + 40 + 16 + 9 

+ 1  
0 - 1 

- 2  
- 3  

- 4  
- 5  
-16 
-19 
-26 

................ 

- 5 - 16 - 19 - 26 

- 7 - S 
- 8  - 8 
- 5  

0 + IS + 17 
+ 1 7  + 11 

+ 1 J  + 6 + 6 

+ 1  
0 
0 
0 
0 

0 
0 
0 

........................ 

........................ 

........................ 

........................ 

........................ 

........................ ........................ 

- 1  
- 1  
- 1  
- 2  
- 3  

-11 
-13 
-21 

0 
- 1  
- 1  
- 3  
- 3  

- 4  
- S  
-11 
-13 
-?l 

- 7 - 8 - - 8 - 4 
+ 5 
+I4 
+1e 

333 
3S9 
3Stj 
42, 
55'2 

' 5 s  . 
& 
7G3 
759 

S . . :  

+ 1  
+ 1  
+ 1  

0 
0 

0 
o 
0 
0 
0 

........................ ........................ ..................... 

........................ 

........................ 

........................ ........................ ........................ 

-1. 
- 1  
- 2  
- 4  
- 6  

- 9  
-14 
-39 
-3s 
-38 

0 
0 

- 1  
- 4  
- 6  

- 9  
-14 
-39 
-38 
-38 

-10 
-10 
- 9  - 7 
- 4 
+ S 
+1I 
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I CrIsfieId, Md., No. 215 Va'~ I Dover, Del., No. 217 I North Rum I Hagemtown, ~ d ,  No. 219 I 216 , NO. 218 . . 
I 

Hean elmations and comcetiol,s for topography and hostatic compensat~ion, separate zones, for United Rlates skztions--Contd. 

MEAN ELEVATIONS AND i!ORRECTIONS FOR TOPOGRAPHY AND ISOSTATIC COMPENSATION FOR 
SEPslRATE ZONES AT SELECTED STATIONS I N  EUROPE.  

No doubt the Geodetic Survey of Ciliacln will publish the data for tlie separate zones at-  
stations in taliat country. The publication of tlie "Suwvey of India" ".cloes not give the effect. 
of tropogrnpliy ancl conlpensatioli for the separate zones in India. 

For the purpose of testing tlie gm~4 t~y  height forlliuln (see pp. 93 to 96) a number of Europeltli 
stsations were reduced for topography ~ l l d  compensation by tlie Hn.yford method. The depth 
of compensation usecl was 113.7 Ian., tohe one 011 which the recluctioa tables in Specid Publication. 
No. 10 are based. 

It is believed that the ele~at~ions of the topography and the corrections for the separate. 
zones ns given in the following table are of 'sufficientv interest and value for the purposes of 
further investigations to warrant their publication here. -4s in the preceding table the cor- 
re~t~ions given in the following table are in units of the fourt.11 decinid place in clpies. Figurea 
yrintea in italics represent va.lues interpolated from sul~oullding statiolls acc.ording to n~et~liocls. 
espllained in Special Publication No. 10, pages 58 to 65, or represent values found t o  be iclentical 
with those for a station very close by. 

~ l *  

:& 
ft:t 

a See Survey of Intlia. Professional Paper No. 15, "The pendulum operations in India and Burma, 19uS to 1913," by Capt. H. J. Couehmm,. 
R. E., Deputy Superintendent, Survey of India, Dehra Dun, India, 1915. 
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pog- 
ra- 

phy 

con- 
pen- 
sa- 
tion 

T p p " ~ ~  
and 
eom- 

p ~ 8 -  

corn- 
pen- 
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ddmn.elevations and ecrtections for topography and Ceostatk co~npsruration, separate zones, for sekcted stations 61 Europe. 

. 

zone 

Eleva- 
tion in 

feat 
T"pog- 
w h y  

. A 
B 
C 
D 
E 

F 
G 
H 
I 
J 

6 
L 
Y 
N 
0 

. 1s 
17 
16 
15 
14 

13 
12 
11 
10 
9 

S 
7 
6 
5 
4 

3 
2 
1 

Total.. 

',"$;- 
Topog- 
",??,iy 

tion 

Com- 
pensa- 
tion 

corn- 
psa- tlon 

Eleva- 
tion in 

feat 

Franzenhm, Austrk, No. 2 Sti'*TJoch' Pass), Austria No. 1 (stelvio. 

TOWg- 
nphy 

9055 
9050 
9080 
9180 
8845 

S99O 
P560 
8210 
7430 
7140 

72SO 
7300 
59W) 
42?0 
2SSO 

..r 

A 
B 
C 
D 
E 

F 
G 
H 
I 

Topog- 
mphy sd- 
%%* 

Corn- 

~r 

7175 
7150 
71s 
7440 
7500 

8140 
S4O 
Si50 
7S40 
7440 

7130 
72% 
5990 
42?0 
25SO 

.: 

....... : ............ 

Sehneekoppe, Germany, No. 3 

 leva- 
tion in 

feat 

TOP& 
ra$iY ,, 
%"n" 

0 
0 - 4 - 6 

-16 

-26 

1 it! - 71 - 79 
-115 
-1i2 
-343 
-223 
-140 

................ 
........... 

+ 2  
+70 
+1M 
+342 
+Wg 

+509 
+369 
+296 
+251 
+I40 

+I15 
+ 74 + 80 + 23 

0 
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PRINCIPAL FACTS FOR 219 STATIONS IN THE UNITED STATES. 

The names of tlie observers, witli tlie dates on which tlie ob~ervnt~ions were made, are given. 
witoh the sumniaries of obuervatio~is at  tlie gravity stations, oil pages 144 to 176. 

Since the preceding report on gravity inve~t~igat~io~is (Specid Publication No. 12, 1912) 94. 
statsions liave been est~ablisliecl in the United States. At a l l  of these stations the Mendenlid. 
half-second pe~iilullumu were used. A descziption of the apparatus and of tlie metliod of' 
deterniining the period of the pendulu~ns is given in Appe.liclix 5, Report for 1901, by G .  R. 
Putnani, and in Sppendix 1, Report for 1894. Since 1909 tlie flesure of tlie penduluni 
case mid pier 11- been cleter~i l ld  by I I I ~ ~ L I I S  of tlie interferoineter designed ancl niade by 
E. G. Fischw, cliief of tlie instiwneiit section of tlie U~iit~eil States Coast and Geodetic Survey. 
This instruinelit and its use are described by W. 13. Burger in Appendix A of the Report for. 
1910. 

Previous to 1913 the chronometer rates were deterniined by local observations on the. 
stars witli a portable astronoinic,d transit. Since that clnte the rates of the clirononieters liave. 
been determined from time translsmitted by noon signals seat froin the Naval Observatory at 
W ~ l ~ i n g t o ~ i  over tlie wires of the Western Union Telegraph Company and the Postal Tele- 
graph Company. As only the rates were required, and not tlie chrono~iieter corrections, the. 
effect of traiismission time was eliminated, as i t  proved to be nearly the same for each clay at. 
any one station. Before making use of the Naval Observatory time i t  was carefully tested at. 
the base station at the Survey office. It mas also tested oil tlie field by reoccupying four. 
stations. The t.ests proved entirely satisfactory, as the results agreed closely with those 
previously obtained wlien tlie clirononieters were rated by star observatioiis. 

An iniprorenient was made by having a tliick felt-and-leatlier cover for tlie pendulum case. 
This made the temperature in the case much more uniforni,' and no doubt added to theaccuracy 
of the results. Tlis covering is shown in figures 3 and 4. 
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FIG. 1.-ORIGINAL F O R M  O F  THE M E N D E N H A L L  H A L F - S E C O N D  P E N D U L U M  APPARATUS.  
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FIG.2.-MENDENHALL HALF-SECOND PENDULUMS AS ORIGINALLY CONSTRUCTED WITH KNIFE-EDGE ATTACHED 
TO HEAD OF PENDULUM AND DIVIDED INTO TWO PARTS. 
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FIG. 3.-PRESENT PENDULUM APPARATUS SHOWING VERTICAL FORM OF TELESCOPE, ELECTRIC ILLUMINATION 
FOR OBSERVING SLIT, AND T H E  FELT-AND-LEATHER CASE FOR CONTROLLING T H E  TEMPERATURE. 
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FIG.4.-FELT-AND-LEATHER CASE FOR TEMPERATURE CONTROL PARTLY REMOVED FROM PENDULUM RECEIVER. 
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-4notller improvement was made'by changing the telescope of the flash apparatus to the; 
vertical instead of the horizontal position, as formerly, by the use of a prism. (See fig. 3?) 
With the telescope vertical the observer is able to work with greater conlfort, as the case is. 
always mounted only a few inches above the floor of the rooln in which observations are made. 

During the wofk. at  the 94 recent stations, only one of the sis pendulums used gave trouble. 
Tbis was pendulum No. B4. The trouble was eliminated by strengthening the connection. 
between the stem and bob by an addition$ rivet. 

In  most cmes three pendulums were used at each station. Each pendulunl was swung- 
for three periods of approsinlately eight hours each between two consecutive noon timesignals. 
The exceptions to this general rule occurred when in Mr. Powell's work on the field in the spring. 
of 1915 pendulunl No. B4 showed great irregularities. He continued that season with the other. 
two pendulums of the set. He swung one of the pendulullls for two days, or six periods of eight. 
llours each, and the other for three such periods, making nine periods in all, the number ordi- 
narily obtained when using three pendulums. 

The penclulurns were standardized a t  the Coast and Geodetic Survey off~ce at Wasllington 
between each two seasons. The results of the standardizations are given on page 141. 

Complete c.omputations have been made for 219 gravity stations in the United States by 
three methods of reduction and the results are shown in the following table. 

The theoretical value in dynes of gravity at sea level waa colnputed by, Helmert's formula. 
of 1901 for the Potsda~n system, namely: 

The correction in dynes for elevation of station waa computecl by the follllula - 0.00030S6E, 
in which H is the elevation in meters. I t  shoulcl be carefully noted that with tlie sign as. 
given this is the recluc.tion from sea level to the station, a correction to the theoretical value not to 
tlie observed value. This correction takes acc.ount of the increased distance of the station from 
the attracting mass, as if the station were in the air and there were no irregularities in the 
earth's surface (or topograplly) . 

The corrections for topography kc1 compensation by the Hayford metllocl were coin- 
puted with the reduction tables shown on pages30 to 47 of Special Publication No. 10, and. 
the resultant effect was applied as a correction to the tlleoretical vdue at sea level. 

These corrections are often applied to the observed values ancl the results are co~np~~red. 
wit11 the t811eoretfical vdue of gravity at  sea level. The metliod e~ilployed in. this l>ublication. 
anci in Special Publications Nos. 10 and 12 appears to be the lllore logical one. 

The co~nput~ed value of gravity, g,, at t,lle station is the tlleoretical value of gravity at sea. 
level, ro, corred;ecl for elevation and for topogr~.1?11y and conlpensatioa. I t  is therefore directly 
compwuble with g, tlie observed value of gavity at  tlie station. The col~una y-q,, therefore,. 
re~resent~s the departures of tlie observed vdues Doin computed values based upon tlie Helmert. 
fom~uls  of 1901, nl>oii the usual reduc,tioii for elevation, and upon the Hayford reduct.ions that. 
take account of topography and compensation. 

All observed vdues, g, in the following table depend upon relative c-leternlinatio~ with the 
half-second penclu~lums and are based on 980.112 dynes as the value of gravity at the Coast 
and Geodetic Survey office at Wmliiington. This value depends upon the absolute detemina- 
tion of the value of gravity at Pot~clmn,~ Ger~~~ai iy,  and upon the adjustment of the net of base 
st~at8ioas tlu-ouglzout~ the world. (See pp. 25 and 2-14 of third volume, by Dr. E. Borrass in 
1011, of tlie Report of the Sisteenth General Conference of the International Geodetic Associ- 
ation at London and Citlnbridge in 1909.) The ob~ervat~ions used in the acljustllle~lt to con- 
nect W~slliiaggton wit11 stations.in Europe were made by G. R. Putnanl in 1900.b 
-- 

m Bestimmung der absoluten Or&% der Schwerliraft zu Potsdam mit Reversionspendeln, von Prof. F. Kiihuen und Prof. Dr. PR ~ u ~ ~ n g l e r ,  
p. 3.w. 

b Determination of Relative Value of Gravity in Europe and the United Statas in 1800,Q. R. Putnam, Appendu5. Coast and Qeodetic Survey 
Report, 1901, pp. 351-355. 

5 9 3 8 7 ' - 1 7 4  
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Coxrec- Com- 
The* Correc- tion for puted 

Number and name of station Latitude Longitude Ejtz retical tion for topogrs- granty 
gravity eleva- phy and at  sta- 

tion conipen- tion 
@ X H 7.3 sation g. 

............................... . 1 Key West. Fla ....................... 2 . West Palm Beach Fla ........................... 3 Punta Gorda Fla! ............................ i ~ ~ h i ~ l s ' ~ l s  ............................. 5 . New ~rlean; ~a 

Dynrs . 
0.000 - . 001 . 000 - . U01 
. . 001 

6 Ra vllle La ................................. 1 
.............................. 7: ~aAestin,   en. ............................. . 8 Polnt Isalxl, Tex 

9 . Laredo Ten .................................. ........................ . lo  ust tin:   en. (capitol) I 
11 . Austin . Tex . (universitr) .................... 

.............................. 12 . McAlester Okla . ............................. . 13 Little RO$ Ark . .............................. . 14 Culuml~ia Tenn ............................... 15 . Atlanta, Ga ... 
16 . McCormick. 5 . C ............................. . . .............................. 17 . Charleston S C . . ............................... . 18 Beaulort N C ........................... . 19 Charlottes\.ille, Va 
20 . Deer Park. Md ............................... 

Washineton . D . C . (Coast and Clemletic Sur- I . . .  
vev Ofice) ................................. 

Wsshingtoi~ . D . C .. (Smithsonian Institution> . 
Baltimore . .M d ...... ., ....................... 

............................. Philadelpbls Pa 
princeton, d J 

............................... 96 Hoboken N J . ............................. z7: N ~ W  York N S .............................. . ~~orcester,' w ................................. . 29 Bostm Mass ........................ . 30 Cambrfdge, Mass ..... 
31 . Calais Me .................................... 
32 . lthacd, N . Y ................................. . . .............................. 33 Cleveland Oh10 
34 . Cinchnati Ohio .............................. 

............................. . 35 ~ e r r e  ~ a & ,  1nd 

36 . Chicago nl  ................................... 
37 . ~ a d i s o i  .  is.. .............................. 
3s . St . Louis . Mo .... r ............................ 
39 . Kansas C i t e  ............................. .............................. 40 . Ellsworth, s 

41 . Wallace bans ............................. ... 
42 . ~ ~ o r a d ~ ~ r i n  C ~ O  ....................... 
43 . Pikes  re%* . COP ............................ I 
44 . Denver Colo ........................... ... .. ............................... . 45 Gudsbn.  Colo I 
46 . Grsnd Junction . Colo ......................... 
47 Green River Zkdh ........................... 

.............. 4S: Pleamnt Vdley Junction. Zitah 
......................... 49 . Salt Lake City. Utah 

50 . Grdnd Canyon. Wyo- ........................ 
............. 51 . Norris Geyser Basin. Wyo .......I 

52 . Lower Geyser Bnsin . \\.yo ................... 
53 . Eattle. \\ash . (university) ................... 
M . SRn Francisco Cal ........................... 

........................ 55 . Mount ~ a m i l k m ,  Cal 

56 . Sealtle . Wash . (hiph'schod) .................. 47 36.5 1 B  19 . S 
57 . Iron R i ~ e r  . Mich .......................... ... 46 05.4 S 3S.4 
55 . Ely . YIU n ............................. ...... 47 4S . 6 93 01.0 
59 . Pemhina . N . Dak ............................ 49 5'. . 1 97 14.9 
KJ . Mitchell, S . Dsk .............................. I 41.S 9S 01.3 

61 . Sweetwater. Tex ............................ 32 2S.4 100 24.1 . 6? . Kerrrille Tex ................................ 30 01.3 XI 0; 6 
63 . EL paso. +eF ............................... 31 46.3 108 29 . 0 
6.1. Nogales A n z  ................................. !f, 21.3 110 51i . 6 
65 . yuma, hriz ................................. , . 43.3 114 37.0 I I 

m e  ........................ 33 53.4 115 13.2 
37 42.2 117 14.5 .............................. 

Arie ................................ 26 03.9 112 07.1 
2 ~ g ~ k n y o n  Ariz ......................... 36 05.3 112 06.8 

70 . Gallup. N . Me;. ............................. 85 31.S lo$ 44.2 

. ........................... 71 . Las Vegas N Mex 35 35 . S 105 12.1 22 . Shamrock' ~ e s  ............................. 35 12.8 In0 11.4 . 13 . Denison +es ................................. 33 41.3 96 32.5 . 54 . Mihenpolis Mhm ........................... 44 5.S i 93 13.9 . . . .  . 75 . Lead, 8 ~ a k  ........................ .... 44 ?1 1 103 45.6 
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Theo- 
retical 
gravity 

'To 

Dyms 
98u.559 
980.923 
9S0.911 
990.491 
9.3.3.724 

Conl- 
puted 

gravity 
a t  st* 
tion 
PC 

Drnca 
9% . 615 
9FQ. i02 
980.670 
980.186 
9SO . 732 

0l.wrved 
gravity 
at sta- 9.9, 
tion 
I 
.. 

Eleva- 
tion 

H 

dfcfcra 
516 
Bv;l 
637 
821 

1 

Pu'uml>er aqcl name of station h t i tude  Longitude I l l  
'9 

m I 

76 . Bismarck N . Dak ........................... 46 45.5 
17 . ~insdale.'lldont ........................... 48 23 . S - . 1s . Sandpoint . Idaho ........................... 48 16.4 
79 . Boise. Idaho ................................. 43 37.2 
80 . Astoria, Oreg ................................ 46 11.3 

81 . Sisson. Csl ................................... 
S2 . Rock Sprin ...................... 
83 . Paxton Net.??!.?.... .................... 
S4 ~ashin'gton D . C . (Bureau 01 Standards) ... 
85: ~ o r t h  HWO,' ~t ............................ 
86 . Lake Placid N . P ........................... 
87 . Potsdam N' Y ............................ .. 

. ................................ w . ~ i l s o n .  rS s 
S9 . Alpma Mich ................................ 
90 . virginfa ~ e a c h ,  Va ......................... 
91 . Durham . N . C ............................... 
9.2. Fernaudina. F l s  ..... ... ................... 
93 . Wilmer . Ala ................................. 
94 . Aliceville Ala ............................... 
95 . New  adr rid, Mo ............................ 
96 . Mena Ark ................................... 
9i  . ~acoidoches . TAX ........................... 
98 . Alpine . Tex ................................. 
99 . FarwVdl Tex ................................ 

100 . auYmoh. Okla ............................. 
101 Helenwood Tenn ........................... 
102: ~ ~ o u d ~ s n d  'Term.. ........................... 
103 . ~ u g h e s  . $enn ............................... 
104 . Charleston . W . Ya ........................... 
105 . State College. Pa  ............................ i 
106 . Fort Kent . Me ............................... 47 14.9 68 36.0 
107 . Prentice . Wis ................................ 45 9?.6 90 1i.S 
10s . Fergus Falls . Yinn .......................... 46 17.2 96 a . 0  
109 . Sheridan. Wyo .............................. 44 4S.O 106 S . 7  
110 . Boulder. Mai t  ............................... 46 14.2 112 07.3 

............................ 111 Bkykornish Wash 47 42.4 121 22.3 
112: Olympia. \#ash ........................... 47 03.4 122 52 . 7 
113 . Heppner Oreg .............................. 45 21.4 119 33.2 
114.~ruckee. '~al  ............................. 39 19.6 120 11.4 
115 . Winnernucca, Nev .......................... ' 1  40 58.4 1 117 43.8 I 
116 . Ely Nev ... : ................................ 39 14.9 114 53.1 
117 . ~ u & n s e  Wyo .............................. 42 16.1 10.1 44.0 
11s . pierre . Z ~ a l i  ............................ 41 21.9 100 20.S 
119 Fort DMge Iowa ........................... 42 3 0 3  94 11.4 
120: 1iefthsbur~:111 ............................ 41 06.4 50 55; 

121 . Grand Rapids. Mich ......................... 42 55.0 85 40.8 
122 . Angola. Ind ................................. 41 3i . i  00.6 
123 . Albany. N . Y ............................... 42 39.1 13 46.1 
124.PortJemis.N.Y ............................ 41 22.4 i 4  41.1 
125 . AtlanticCity, N . J .......... I ............... 39 21.9 i4 25.0 

126 . Bridgehsmpton. N . T ....................... 40 56.2 72 1S.4 
. 1'7 . Chatham Mass .............................. 41 10 . r 69 5i.8 

1% . ~ocliland. Me ............................... 44 06.3 69 06.9 
129 Laneaster N . H ............................. 44 29.5 71 34.3 
130: \Vhitehslf, N . P ............................. 43 33.0 73 23.8 

131 . Little Falls. N . T ........................... 43 02.7 
132 . Watertown . N . T ........................... 43 58.3 
133 . South ort . N . ............................. 42 03.7 
134 . Erie . $a ..................................... 42 07 . 8 
135 . Parkemburg, W . \:a ......................... 39 16.0 

136 Columbus Ohio ............................. 39 5i  . S 
137: lndianapo~is . 1nd ............................ 39 4.5.9 
139 . Springfield, I11 ............ :. ................. 39 47 . 7 
139.Lebanon Mo ................................. 37 41.1 
140 . ~ o ~ l i n ,  d o  ................................... 37 05.4 

141 . Fort Smith. Ark ............................. 35 23.3 
142 . Texarkana . Ark ............................. 1 33 28.5 
143 . Hot Springs Ark ............................ 34 30.1 
144 . ~lexandria. L a  ............................. 31 lb.6 
145 . Lawel. MISS ..... ...... .................... 31 41.5 
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Longitude E:f:," 

X H 

Correc- tion for 
tion for I towara- cmc- 

The* 
retical 
gravity 

Latitude 

d 

Numler and name of statiorl 

Dunes 
979.749 
979.781 
979.74 
979.824 
U79.812 

151 . Charlotte N . C. .............................. 35 13.8 
152 ~sheville' N . c .............................. 35 35.9 
1%: ~levelsnd TeM ............................. 35 09.4 
154 . ~inston.galem . N . c ....................... 36 06.1 
155 . Iinokvilb, T ~ M  ............................ 35 57.7 i 

. ............................. 157 Home&ad. Fla 55 28.4 
155 . Sebrinp. Fla ..................... :. ......... 27 30.2 
159 . Titusville. Fla ............................... 28 36.7 
160 . Leesburg. Fla ............................... 28 4 5  6 

161 . Cedar Keys. Fla ............................. 29 OS.3 83 02.1 I 2 
1f2 Macon Ga .................................. 32 49.8 99 
lC3 :~ lbm;Ga  ................................. 3 1 3 4 . 3 1  1 5s 
164 . ~en&la  .   la ........................... 30 24.5 87 12.9 2 
1&5 . Opelihi. Ala ................................ 33 38.5 $5 2 . 8  245 

186 . Himtsville..Ala ................... ..... . 34 43.8 SG 35.3 200 
167 . Arbxnsas Clty, Ark ......................... 33 36 5 91 12.2 14 
168 . Memphis . Tenn ............................. 35 05.8 90 03.3 SQ 
169 ..Mammoth Spring, Ark ...................... 36 29.3 91 27 1% 
170 . Hopku~sville, Icy ........................... 36 51.6 87 28 176 

171 . Dnnville . Ky ................................ 37 38.9 
172 . Clifton Forge . Va ............................ 37 49.1 
173 . Greenville, Ala .............................. 31 49.4 
174 . Birmingham. Ala ........................... 33 30.5 
175 . Lexington. Va .............................. 37 47.2 

. ...................... . 176 Prestonsbnr~ Icy - 1  17 40 . A  
177 . Traverse City, hlich ......................... 44 45.8 . 17.5 . Senev Mich ................................. 46 2n.S 

. . ................................. l i 9  Ocolito Wis 44 53.2 
......................... . 180 Grand Rapids. Wis 44 23.6 

a. Kfinn .............................. 44 03.2 
bVis ............................... 44 F -  
1(1 . Wis ........................... 45 : 

. . . ........................... IS6 Aberdeen S Dak 45 27.5 . . . ............................... 187 Faith S Dak 45 n1.3 
188 . Ifarmarth . N . Dak .......................... 46 18.4 
189 . T o ~ n e r  . N . Dnk ............................ 48 20.3 
1190 . Croshy, N . Dak ............................. 45 54.7 

191 . Crmkston. %[inn ............................ 
19s . ~ n ~ l ~ r . . a l t i n t  ................................ 

............................ . 193 hIi es Clty. Mont 
.............................. 154 . Hlmtley. hlmt  

195 . Lsuder. Wyo ................................ 
If inn ............................. 
Minn ............................. 

.......................... Dilk 
.............................. 
............................... 

201 . Tlrasta . 8 . Dak .............................. 
20% 3!owcrclt Wyo 
203 13~llltll. hlhm 

. ............................. I 
............................... . 

204 . O-ge . Iowa ................................. 
............................. . 205 Randoll)h, Nebr 

............................. . 3 6  Valentine. Nebr 
207 . Wheclh~g W . \'a ........................... 
21s .  eon. IO\A .................................. 
?OD . Laurel . Y d  .................................. 

981) . $23 
9511 . l i ?  
980 . 232 
9 s  I . nw 
9SO . 190 

211 . Pittsl~t~rg . Pa ............................... 
213 . Roeliville Y d  ............................... 1 . 

........................ . . 213 ~ ~ y e r  hlbljrll.,oro Y d  
214 . Fa~rfas . Va ................................. 
215 . Crisfield, Y d  ................................ 
216 . Fretlericksl~urg . Va ......................... .I 
217 . Dover. Dcl .................................. 

...................... 218 . North Tamarack. hlich 
............................ 219 . Hngerstown. Y d  
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PRINCIPAL FACTS FOR 43 STATIONS I N  CANADA. 

The Geodetic Survey of Cana.da has recently been actively engaged in establishing gravity 
statsions within its area, and in response to a request from the Superintendent of the United 
States Coast and Geodetic Survey the Director of the Canadian Survey generously placed at 
the author's disposal the unpublished data regarding the 42 Canadian stations. These data 
are given in the following table. They are used in computing gravity formulas (see pp. 113 to 
131) a.nd in the gravity anomaly maps (fig. 11, in the pocket at  the end of the volume) and in 
a study of the'relations between the anomalies and the geologic formation. 

The observations mid the reduction for topography and isostatic compensation were niade 
by F. A. McDiarmid, of the Geodetic Survey of Canada. , 

'The observed values are on the Potsdam system, and the computed values are based 
upon Helmert's formula of 1901 axid the gravity reduction tables given on pages 30 to 47 of 
Specid Publicatioll No. 10. The data are therefore similar to those for the United States 
stations given on pages 50-52 of t,liis volume. 

Pri tdp2  factsfor 42 stations i t ,  Canada. 

. ,-.*a.-.,- 
I. V C b D W J  .......................... 

....................... 2. Maniwsl;i 
........................ 3. Kinrston 

4. Roberral ........................ 
5. Tado~~sszc. ....................... i 
6. Portneuf ......................... 
7. St. Jerome ....................... 
8. Ste. Alme de Dellevue.. ......... 
9. Mattawa ......................... 

.......... ........... 10. Liskesrd .:.. I 

Number and name of station 

...................... 11. Cochrane.. 
12. Ss111t Ste. Mnri?. ................ 
13. Chaplea~i.. ...................... 

: ........ .......... 14. Port irthnr. .'. 
.................... 15. Row Point.. I 

'IS 26 00 5 56 52 

Latitude 

+ 
-- 

r e  

g;;;ty 

YO 

9cn.9~3 - . n s  - .004 
RF~.;.S? - ,057 - . on5 
9FO. B i l  - ,133 + ,012 
9%). g?u, - .05q - ,014 
9W.644 - .058 1 + .001 

.......................... IS. Whithy 
17. Woodstock. I:lntario.. ........... I 

::& 
grjrity 
a t  sts- 
tion 

go 

I 
c m c  1 

..................... 18. Windsor.. :. 
19. St. John 
20. Mmctm ......................... 

Ohserved 
gravity 

0 

g* 
Longitude 

L 

for 
ele1-a- 
t i m  

21. ~harlottetokn.. ................. 
.......................... 22. Sydney 

............................ 23. Tmro 
24. Halifax .......................... 
25. T a r m o ~ ~ t h  ....................... 

- 
Hayford 
snOmnl~, 

1912 

Elevation 

R 

toyogra- 
phy and 
comr*n- 
sbt'irm 

28. Woodstmk. New Brunswiek. ... .I 
27. Xdmu~~dstm .................... 
25. Bathurst ........................ 
29. Perm ............................ 
30. Penora .......................... 

993. ill 1 

81 / 
950.963 

31. Winnipeg ........................ 
32. Brandnn .......................... 

.................... 33. Moose Jaw ... 
34. Medicine Hat.. .................. 
35. Calgary .......................... 
36. Banff ............................ 

............................ 3i. Field 
38. Revelstoke ...................... 
39. Knmlwps ....................... 
49. North Bend ..................... 

.......................... 41. Glxrjer 
42. Vancouver ....................... 
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PRINCIPAL FACTS FOR 73 STATIONS IN INDIA. 

In the office of the Survey of India the Rayford reduc.tions have been made for 73 stations 
in that country. The data regarding them are published in a report of the Survey of India, title 
of which is given in a footnote on page 45. 

The corrections for elevations as given in the Indian report were computed by the formula: 

2gH correction for elevation = - - R 

in which a mea.n value of the radius of the earth, R, is t.aken as 20,900,000 feet. H i s  the elcve 
t-ion of the station in feet. These corrections are given in the colunm headed "Correction for 
elevation, Indian," in the table follow-big. In  tshe colunu~ headed "Correction.for elevation, 
U. S. C. & G. S." are given the corrections computaed by the formula: 

Correction for elevatioli = - 0.0003086 H 

in 'which H is ths elevatio~i of the station in meters. The nlasimum difference is 0.006 dyne a t  
station No. 95, Sandakpliu. The results by the second foniiula have been used in the discus- 
sions in this volume, as this fornlula is somewhat more accurate in the01-y.~ 

The reductions for topography and compensation were coml>uted in much the same way 
as is done by the Unitecl States Coast and Geodetic Survey. For zones 1s to 1 the methods and 
c~nstant~s are ideiit,icd. For t.lle inner zones which are lettered from A t.0 0 a slightly different 
grivitation constant was used. I t  is 657 x 10-lo for C. G. S. units, while the one used by the 
United .States Coast ancl Geodetic Survey is 667.3 x 10-lo. The depth of compensation use'cl is 
70 miles, 112.65 linl., instead of 113.7 'b. The compensatioll was distributed from sea level 
instead of from the surface of the earth. For ocean areas the Indian Survey distributed the 
coliipensation froni t,he bottoni to a dept8h of 70 ~niles (113.65 h i . )  below the surface of the 
wat.er, while the Unitecl States Coast and Geodetic Survey clistributes t,he co~.npensation fmni 
the ocean bottom to n depth of 113.7 Irm. below the ocean bottom. 

These cllallges in tlie method of computing the topography t~ncl the co~iipensation do not 
make any differences which need be considered in our disc,ussioas. We may c,onsicler the Indin 
data shnilar to those which we have for the U~litecl Sttttes, Canada, and Europe, all of which 
are based upon identical metsl~ods and constants. 

In  tho fourth column from the last in the followi~ig table are given the gravity anomalies 
based upon t,he Hayford reduction and the IIebnert formula of 1901 wit11 978.030 as the first 
telw and with the Indian c.orrec,tlioiis for elevation of station. In  nest to the last column are 
given tile anomalies which are similar in every way to those just lllentioned escept that the 
United St.ates correction for elevation is applied instead of the.Inclian correction. The theoretical 
values of gravity at  sea level as computed with the Helme~t fonnuls are given in the fifth column. 

Tlle o b s e ~ ~ e d  values given in tho followving t8ble are based upon the value of 979.063 dynes 
for Dehra Dun. Tlze value of gravity at. that station as given in the latest report of the Inter- 
national Geodetic -4ssociation is 979.065 dynes. 

n"Uekr die Reduction der an1 dcr phpdschen Erdoberflliche beobachteten S c h w e r c s k s c h l e ~ m ~ n  aul ein gemeinssmes Niveau" by 
Helmert, SiUungsberichte der Khiglich Preussischen Aliademie der Wissenschaften, VO~ULU~S lor 1902, p. %3, and lm, p. 850. 
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Correc- Correc- 
Thmret- tion tion for Observed 

hngitude Eiiz ical elevs- topogra- p"!ed gmviFy at g--,g . 
(Indi- compen- 

I 

gravity tion phy and mvl!yat stntron (Indran) 

X H 7 . an) sation g. & a . s.! 
- --- 

Number and name of 
station 

Latitude I I 
Dynes 
-0.018 
. . 021 
. . 021 
. . 001 
-'.om 

1 . A-rn ............... 
2 . Aligarh ............. 
3 . Allahabad ......... 
4 . AmWn ........... 

............ . 5 Amraoti I 
6 . Arfah .............. 
8 . Asigarh ............ . ............ g B?dvlnuu 
12 . Bhopal ............. 
1 3  . Bilaspur ........... 
14 . Bins ............... 
:15 . BuW ............. 
.1 6. Chatn ............. 
17 . Colaba ............. 
18 . Cuttack ............. 
19 . Daltonganj ......... 

............ . .20 Dsmoh 
. n. Dehra Dun ........ 

........... . 24 Dhol Ur 
2 6  . Ellic~pur .......... 
29 . ~ a y a  ............... 
30 . Gesupur ........... 
.3 1. Goona ............. 
33 . Gorakhpur ......... 
33 . Gwalior ............ 
.3 5. Hathras ........... 
.3 7. Hoshnngabad ...... 

......... .3 8. Ja tobaM 
39 . J d g w  ............ 
40 . Jslpdguri .......... i 
.4 1. Japla .............. 
.4 2. Jhansi ............. 
43 . Jubbulpore ........ 
44 . Iialiana ............ 
45 . Kalianpur ......... 

58 . Merag ............ 
59 . Malhor ............. 
BO . Mejhnuli Raj: ...... 
'65 . Nhow .............. 
.6 6. M h  Mir .......... I 
6 7  . Moghal Sarai ....... 
70 . Monqhvr ........... 
.7 1. Montgdmery ....... 
'72 . hfortakka .......... 
'73 . Mukhtiara ......... 
75 . Mimoorie t Camel's 

Back 1 ............ 
'77 . Milttm ............. 

I 
7s . Yllzaffarpnr ....... 
.8 ?. 0otw.amund 

I 
....... 

W . Pstlla~~kot ......... 1 
............ . 84 Pendre 
............. . 87 Quetta 
............. . 88 Raipur 

89 . R Jpur ............. 
91 . Rmchi ............ 
93 . Roorkee ............ 
.9 4. Salem ............. 
95 . Suudakphu ........ 
.grj . Sassram ........... 
97 . Snugor ............. 
9s . Seoni .............. 
99 . Shdlr~ur ........... 

100 . Sihi ................ 
101 . Sjlipri ............ 
103 . Slprl ............... 

978.655 
97s . 711 
D i i  . 941 

a Theanomalies forstatio~ls 24 S3 and 1(10arereprodi1ced os airen in the orlgiusl source although the datans taken from there to three decirnnls 
of a dvne and repeated here give ah a&naly differing b ' 0 001 $>me . It is supposed t l ~ a t  &&re ant is due to additimal dwinla1s used in the 
compit.rtion but omitted in the published statement . bh; s~lomalies in other colurmls correspon$to t i e  values given in this column . 



INVESTIGATIONS O F  GR.AVITY .4XD ISOSTASY. 5 7 

PRINCIPAL FACTS F O R  40 STATIONS NOT I N  T H E  UNITED STATES PROPER,  CANADA, OR INDIA. 

The following table contains the principal facts for 40 stations outside of Canada, India, 
and the United States proper. The data for statiolis Nos. 1 to 36, inclusive, escept the cor- 
rection for topography and compensation and the resulting gc, were obtaiued from the reporta 
of the International Geodetic The correction for topography and wmpensation 
of Nos. 1 to 37 was computeel by the United Stntes Coast and Geodetic Survey for depth of 
compellsation of 113.7 km. in the usual way, and for Nos. 2.8 to 36 it was computed by Mr. Niet- 
hammer fro111 Hayford's tables, nncl is take11 fro111 the "Prods Verbal de la 56me skance de la 
co~iirnission g&c16sique Suisse," Neuch$tel, 1910. Stations 37 to 40 are from a publication of 
the Royal Italian Geocletic Commission, "Determinazioai di Gravitn relativn compiute nel 
1912," by Reinn and Cassinis, Rome, 1913. The correchion for topography and isostatic com- 
pensation is there computed for a depth of 120 Irm. and wntains the error noted in the foot- 
note on page 9s of this publication. The error has been wrrectecl wd an approsimate allowance 
niade to c.hmge the depth to 113.7 Inn. The wmbined effect of these two changes was to 
recluce the anomaly in each case by 0.001 dyne. 

The theoretical gravity throughout the table is basecl on Helmert's formula of 1901, 
Potsdam system. 

It is inteiiclecl that the several tables of principal facts (pp. 50 to 57) shall contain data 
for all well-observed .gravity stations on land 1zlow.n to this Survey for which corrections, 
by Hayford's method, for topography and isostatic wmpensation have been computed for.tlie 
clepth 113.7 h. In  the Comptes Renclus cle la 17me Conf6relice g6od6sique de l'hsociation 
GBod6sique Internationale, IIme Volume (Rapports Speciaux) pages 41 and 404, me given lists 
of corrections for topography and coml>emation for stations chiefly in Africa that me not 
included in this publication owing to lack of information as to the assumptions and methods 
underlying the computation. 

a This station is in west longitude. 

I~dia. 
- 

Observed 
gravity at  

shtion 

P 

Dyms 
a%. 015 
9W.18 
9S0.776 
980.930 
QS1.015 
981.130 
9S0.233 
YSO.Si? 
950.554 
950.653 
979.993 
950.MO 
(IL(0.250 
9SO.li2 
9.93.437 
9w.1e  
980.3iR 
9 W . m  
97S.948 
97S.W 
980.359 
979.W 
978.712 
952.622 
979.462 
9S1.728 
9S2.193 
KS0.4SO 
9N.441 
9~0.430 
9S0.381; 
980.202 
9S0.072 
9M.?11 
9S0.107 
9.9.090 
9SO.367 
950.491 
950.534 

1 9S0.557 

Canada, or 
- 

::& 
at 

Station 
g. 

Dynrs 
9.W. 055 
9W.187 
9.s0.747 
950.911 
9SO.983 
PS1.078 
9SO.?07 
9S0.553 
9Po.510 
980.621 
979.939 
950.035 
080.206 
QS0.162 
980.441 
9SO.150 
9S0.376 
rS0.w 
97S.871 
877.803 
950.255 
979.726 
978.592 
982.1S 
979.52S 
981.7% 
952.174 
9S0.487 
9SO.443 
9~0.526 
9SO.375 
[IN. 1SS 
980.082 
9S0.191 
9SO.062 
950.033 
950.3a9 
980.423 
9W. 463 
950.510 

Prkncipnl facts for 40 statwns not i n  the United States proper, 
- 

WE ' 

Dwes 
-0.010 - ,014 
+ .029 + .019 + .a53 

. + .053 + .O28 + ,019 
+ .M1 
+ .032 
+ .a53 
+ .W 
+ .M1 
+ .010 

c o r m  
Correc- 1 tlon h 
(ion for topogr:& 
eleva- ghy and 
tion compen- 

sallon ---------- 
Dynrs Dynes 
4. &53 +O. 152 
- ,675 + .8<7 
- .495 + .I10 
- .2S + .MI - .35? + .OSY 
- .I92 + .M_1 - .613 + .014 - .I16 - .0i4 - .314 + .0?5 
- .I50 - .(n6 
- .931 + . l 6 .  - ,792 + ,122 - .495 - .007 
- . 0 8  + .079 

.?I1 - .W 1 - .m + .om 
- .324 - .M3 
- .I30 - .ml  
- .002 + .I62 
-1.229 + .4%9 
- .OW + .(W(I - ,001 + .315 - .003 + . l i7  
- .OW + .Ole 
- .415 - .W 
-.003 +.051 

.000 - .W 
- .la - .(lisp 
- .20J - .@30 - .194 - .10j 
- .366 - .001 - .617 + .Oi6 - .7%3 + .I31 
- .630 + .0S5 
- .751 + .I13 
- .797 + .I25 - .015 - .012 
- .057 - .0?3 
- .002 - .01s 

JI - ,030 - .DB 

- - - 

Hayford 
anomdy. 

1 9 ~ ~  

Dgm8 
-0. OLS - .022 + ,021 + ,011 + .W5 
+ .(W4 + .01S + ,011 
+ .016 + .024 
+ .M5 
+ .W7 
+ .03% + ,002 - .012 

-- 

%$- 
X 

a ' 
10 27.4 
10 29.0 
15 44.8 
15 14.6 
10 37.0 
10 36.0 
6 5S.7 
6 55.7 
6.57.1 
6 57.3 
7 48.S 
7 45.3 
7 15.0 
7 59.8 
8 00.4 
8 mr 
8 W.1 
7 00.2 

157 5 1 9  
155 25.8 
141 30 
&1 40 
5 43.7 

!3 02 
10 46.5 

170 16.6 
1621 03.4 

t 21.5 
7 53.0 
s 12.1 
7 16.2 
8 01.9 
7 10.4 
7 17.2 
7 22.9 
7 52.7 

12 28.7 
11 15.2 
10 18.5 
8 55 

' nanu sbtion 

1. Stillserjoch (Stelvio Pass) Auslrla.. . 
2. Fra11zcnI1611r. hus~ria  .... ........... 
3. Schneeko pe. Germany .............. 
1. ~ l t e  Dru$l. ~ e r m a n y  ........... .... 
5. Brocken, Germany .................. 
6. Scharfens!ein Germany.. ........... 
7 Na re ~ w i t d l a n d  ................... 
S: ~ i l k e k v e ,  Switzerland.. ........... 
9. Chaumnont, Switzerland ............. 

10. Neu~mbug (Neucl~&tel), 8wiLzerland. 
.... 11. Gornergrat Switzerland : ........ 

12. Riffelbeg 'Switzerland .............. 
13. Zermatt $!vitzerland ................ 
14 BelaIp bw~tzerlnnd .................. 
15: ~ r i ~ ,  ~witzerland .................... 
la qgishore  s \ ~ - i t u l o n r  .............. 
17. Flew11 Switzerland.. ................ 
is. s t .  M A I C ~ C ~ ,  ~witzer~and.. ........... ....... 19. Honolnl~. Hawaii?? lslands a 
20. Mauna Lea, Hawanan IsIands o ..... 

................... 21. Hncl~inohe Japan 
22. St. ~eorge i  Bermuda ;la ............. ............ 23. ~amestown: St. Ilelena a 

................... 21. Sorvagen. Norway 
25. KaIai-Cl~umb, Turkestan ........... 
36. St. Paul Island, Alaska a ............ 
2i. St. Michael. Alaska r ................ 
2$. Sitten Switzerland .................. 
29. Vis , Bwifzerlan(1.. ................. 
30. d e ,  switzerlad .................... 
31 Gste Switzerland .................. 
33: Sim#dn Hospice. Switu.rland.. ..... 
33. Grand St. Bemard, Switzerland.. ... 
34. Sanetscl~, Sw~~zerland ............... 
35. Chamion, Swiuerland ,... ........... 
36. Schwrtrzsee, Switzerland.. ........... ......................... 37 Rome Ital 
35: ~lolvtice &e.trij, lmly .... : ........ 
39. Leghorn (Italy ................... 
40. Genos, italy ......................... 

Latitude 

+ 
" ' 

46 31.8 
46 3?.0 
50 44.2 
50 15.7 
51 48.0 
51 50.0 
56 26.0 
56 24.1 
47 01.4 
47 00.1 
45 59.0 
45 59.6 
46 01.5 
18 22.9 
I 19.7 
46 r r  
46 3 . 2  
46 13.0 
21 18.1 

-19 4 . 2  
40 31 
31 21 ' 

-15 55 
67 53.6 
38 27.3 
57 07.3 
13 28.5 
46 14.1 
46 1i.6 
46 12.5 
46 23.2 
46 14.9 
45 52.1 
46 19.3 
45 56.3 
45 59.5 
41 53.5 
43 45.2 
43 32.0 
44 29.2 

; I + .ma 
.000 - .ahS + . r 7  1 - .ml 

Elevation 

H 

Yclers 
2700 
2 1 s  
18115 
917 

1140 
623 

1987 
. 376 

1018 
4Si 

3016 
256ti 
1603 
2132 
6S3 

n 8 7  
1049 
r a  

6 
3981 

21 
2 

10 
19 

1345 
10 
1 

514 
649 
830 

1 1 1  
1093 
2473 
2041 
2135 
2553 

49 
. 1M 

6 
9s 

+ .Oi5 
+ .?Og 

+ .lo4 
+ .6SO + ,120 
+ .I31 - .066 
+.Mi$ + .019 
- .007 
- ,003 
+ .OM 
+ ,021 + ,014 
+ .010 
+ .020 
+ .045 
+ .057 
+ .059 
+ .G# + .071 
+ .047 

Theoret- 
a 

gravity 

YO 

Dyrirs 
950. 755 
980.75 
951.132 
W31.134 
951.2% 
941.229 
RP0.746 
9SO.743 
9S0.799 
980.797 
9S0.705 
SW.705 
980.705 
9F0.741 
W.737 
a n 7 u  
SW. 743 
9W.7s 
SiY.711 
9iS.628 
9.9.212 
9i9.509 
975.415 
9S.478 
950.039 
981.6S2 
982.178 
950.76 
9.W. i33 
9 ~ .  7% 
9S0.742 
9W. i29 
9W. 694 
9SO.736 
980.7IM 
950.705 
980.335 
950.553 
9M. 4% 

I 9S0.HJ 

+ .0%7 
+ .l9S 
+ .OgS + .072 + . l l 2  + .I26 
- .074 
-.003 + .010 
- .015 - .010 - . a 4  
+ .013 + .006 + .002 + .012 + .037 
+ .049 
+ .051 + .OW + .063 + .039 



Chapter 111.-COMPARISON OF APPARENT AMOMALIES AT STATIONS IN THE UNITED 
STATES BY THE HAYFORD AND OLD HETHODS OF REDUCTION, 

In the following t.ables go" - 7, aiid go - yo have t,he same nieanings as in the reports of 
the International Geodetic Association. 

The quantit.y go" - 7, is the apparent anomaly when the Helrnert fornlula of 1901 and the 
Bouguer reduction are used. The Bouguer formula has been very generally applied in 

reducing pendulum observations to the level of the sea. This formula is d g r  + ?(I - 2) 
where dg is the correction to observed gravity, g is gravity a t  sea level, H is elevation above 
sea level, r is radius of the earth, 6 is density of matter lying above sea level, and A is mean 
density of the earth. The first term takes account of the distance from the cart-h's center, 
and the second term of the vertical attractioil of the matter lying between sea level aiid the 
station, on the supposition that the latter is located on en indefinitely extended horizontal 
plain. Wherever the topography about a station departs materially from this conditoli of a 
horizontal plain a third term n~us t  be added to the above formula, being a correction to the 
second tern1 or to observed gravity on acr.oi~nt8 of sl-lch il~egdedties. Thye Becg~er reduc- 
tion thus takes no account of isostatic compensation and neglects all curvature of the sea-level 
surface, the topography being treated a?s if i t  were standing on a plain of indefinite extent. 

The quantity go-7, is the apparent anomaly when the Helmcrt formula of 1901 is used in 
connection with the so-called reduction to sea level in free air only (0.0003086 H). !This reduc- 
tion ignores both the topography and the isostatic compensation. It takes account simply of 
the increased distance of the station from the earth's center when the station is above sea level. 

A c.omparison of the anomalies by the Hayford method, on the one hand, with those by the 
two older methods, as shown in the columns. headed-go1.' -.To,. and:.go - r,,. on.the other hand,. will 
therefore show the merits of the Hayford method of reduction in compariosn with the Bouguer 
and the free-air methods. 

This comparison of tho Hayford method with the Bouguer and free-air reductions is made 
because the Bouguer reduction postulates a total lack of compensation and a consequent high 
rigidity of the earth's c.mst while the free-air method assumes that each piece of topography 
is c.ompletely compensated for a t  zero depth. Besides, the Bouguer and free-air nlethods are 
those whic.h have been most generdy used. 

The Hayford anomalies in the following table are based upon the Coast and Geodetic 
Survey formula of 1912 in which the k t  term is 978.038. 
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INVESTIGATIONS O F  GRAVITY AND ISOSTASY. 

Anomlies by Hay ford, Bouguer, and free-air redztctions. 

I Anomaly 11 Anomaly 
Number and name of station I H:$gd* I )I Number and name of station 

In free air I- In free air 
(90-ro) 

+o. 005 + .om - .034 - .m + .w 

Bouguer 
(go,l-ro) 1 Bouguer 

(g."-u.) 

................. 1 Pev West F13 
2 ~ G s t  ~r t lm I)&,  la.. ....... 
3. Punta Gorda, Fla.. ............ 
4. Apalachic~la. FILL ............... 
6. New Orleans, La. .............. 
6. Ra ville La ................ .... 
7. Ga?vmt&. Tex ................. 
8. Point Isabel Tax ............... 

.................... 9. Laredo ~a; ......... 10.  ust tin: Tau. (capitol). 

11. Anstin. Tex. university) ....... 
la Falester. o k L  ................ 
13. Llt tb R x k .  Ark.. ............. 
14. Columhia Tenn ................ 
15. Atlanta, h a  .................... 

............ - 86. Lake Placid. N. T.. 
.............. : 1% ~ : S , " . I N ~ Y . .  ................. ' - 69 Alpena) ~ i c h  ................... 

+ .a35 90: virgin& ~ e a c h ,  ~ a .  ............ 
+ .003 ................ + . 0 ~  91 Durham N C.. 

92: ~ernandhs '  Fla ................ - '003 
93. ~ i l m e r ,  AI; .................... + .(XO I a. Aliceville. Ala. ................. I 95. New Madrid, Mo ............... 

16. McCormick 8. C ................ 
17. Charleston. 's. C.. .............. 
18. Beaulort, N: C .................. 
19. Charlottesvllle Va ............... 
#). Deer Park, ~d ................. 
21. Washington D. C. (Coast and 

Geodetic durvey Officq) ....... 
22. FVashmgFn. D. C. (Srmthson- 

Ian Instltotion) ............... 
23. Baltimore, btd .................. 
24. Philadelphia Pa ............... 
2j. ~rinceton, N: J ................. 

.................... + .04' 96. Mena. Ark.. 
+ .050 ,9i. Narogdoches. Tex.. ............ 
+ 001( 9S. Alpine. Tex .................... 
+. :rng 89. Farwell. Ter.. ................. .............. + .W loo. Guymon. om.. i 
+ .w 101 Helenwwd Tenn.. ............ ........... 
+ .a1 102: Cloudland %cnn.. 
+ 006 I 103. Hughes T'enn ................. 
+ :(136 104. ~harlesbn. Nr. Va. ............ 
+ .O% ( 105. State College, Pa.. ............ 

26 Hoboken N. J .................. 
2i: N ~ W  fork N. Y.. ............. 
28. Worcester 'MSS.. .............. 
29. Boston dass ................... 
30. ~ambri'dge, ............... 
31. Calais Me ...................... 
32. 1th& N. Y .................... 
33. ~levelind. Ohlo ................ 
34. Cincinnati, Ohio ................ 
35. Terre Haute, Ind ............... 

+ .w 111. Skykomish llrash .............' 
+ .oaj 112. Olympia \irsh.. ............. ............. + .a 113. ~ e p  mer: Oreg;:. 

................ - 114. ~ruckee .C~I... ............. + .016 115. ~innemucca, ~ e v  

41. Wallam Kans .................. 
4 2  colorad spr ~ny ~ o l o  .......... 
43. pikes peak, co d.. ............. 
W.  Denver. Colo ................... 
45. Ollnison, Colo. ..... .:. ..... ...I 
46. Grand Ju=&ion. Colo.. ........ -1 Green Rivii~-~iah--- 8h - - - - - - - - - - ............. 
AS. Pleasant Valley Junction Utah. 
49. salt ~ s k e  ~ i t v  u tah ... I.. ..... 
50. ~ r a n d ~ a n ~ o i ~ :  Wyo ........... 
51. Norris Geyser Baqln, Wyo.. .... 
52. Lower Ge ser Bnsin, Wyo ...... 
53. Seattle. l k h .  (university) ..... 
54. Pan Francisco. Cal.. ............ 
55. Mount Hamilton, Cal ........... 
50. Seattle. Wash. (high schwl). ... 
57. Iron River Mich. .............. 
58. Ely. Minni ..................... 
59. Pemhina N. Dak .............. 
80. Iditchell. 's. Dak.. .............. 

........... - .IW 131. Little Falls, N. Y... 
+ .OW) 132. Watertown. N. P .............. 
+ .039 133. South art, N. T ............... 
+ 018 134. Erie Fa ....................... + :I)O3 I 135. ~ardersburg, W. ~ a . .  ......... 

61. Sweetwater. Tex. .............. 
62. Iierrvllle. Tax... ............... 
63. El Paso:Tex ................... 
01. Nogales, Ariz ................... 
G. f uma. Ar u... ................. 

............. - .042 141. Fort Smith. Ark.. 

............. + .m 142. Texarkana .4rk.. ............ + .043 143. ~ o t  ~pri~!&. ~ r k . .  
............... - .09S 144. Alerandrla. La. + .009 115. Laurel, bliss.. ................. 

. -. - -- - -- 
67. ~ ~ ~ & f i e l d  Nev.. ................ - .013 
68. Yava ai 'Ariz. ................. 
G9. G r a n 8 ~ k  on. Ariz ............ 
70. Gallup, N. Ledex... .............. 

+ .01 11 146. Richmond. Va ............... ..I . . .  p. Shamrock. Tex.. ............... 
13. Denison, Tex.. ................. + .005 
74 Minneapolis Mlnn .............. 
75: ~ead, S. ~ a k  ................... + .052 



U. S. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 40. 

Aao~tlaEics by IIagford, Bozcgurr, a?@fr~e-air red~rcliotirC!ontinued. 

I Anomaly 11 1 Anomaly -- 
Ejumbcr and name of ahtion I II Number and nnnle of station 

Hayford, Bouguer In free air 
1912 I U ~ ' - T O ~  .)(.-TO.) 

151. Charlotte. N. C ................ 
152. Ashesille. N. C ................ 
153. Clevelald ']'en11 ............... 
154. ~ i n s t o ~ d a ~ e m .  N. C .......... 
155. Knossllle, 'I'enn.. ............. 

.................... 156. Bristol. Va 
157. Homestead. Fls ............... 
155. Sebring. Fla.. ................. 
159. Tituss~lle. Fln ................. 
180. Leesburg, Fls. .  ................ 
1131. Cedar Keys Fla.. ............. 

.................. 162. hlmon, ~n.: .  
18. Albany. Qs .................... 

................. 164. Penswola Fla 
165. ~ ~ e l i k s .  ha . .  ........I 

1 ......... 
166. Hnntsvi!le Ala ................ 
167. A rkansaq <it y , hrk. ........... 
I M .  Memphis. Tenn 

I 
................ 

169. Yammc~th Spring. Ark. ....... 
............. 170. Hopkillsville, Ky. 

171. Danvllle. K v  .................. 
172. Clifton Forgi. Va .............. 
173. Gyeenville, Ala.. .............. 
l i 4 .  Blrminpham Ala .............. 

............... 175. Lexiugton. <3.. 

176. Prestonsburg, Ky. ............ 
177. Traverse Cit?, Mlch.. ......... 
13. Sene?.: Mirl~ ................... 

................... 1%. Oconto. \\'is 
LBO. Grand Rapids. Wis.. . .........I 
1S1. Winona. Ivfinn ................. 
1S2. Rsldwin. Wis ................. 
1%. Cumherlantnd. \V is.. ............ 
!P4. Cambridge. dfinn.. ............ 
185. Rrainerd, Minn ................ I 

+ .OM 191. Croobton hlinn.. ............. + .WI 192. Poplar d n t  .................. 
............... + .014 193. &files ditv Mont + .O:rO I 194. ~unt1ey:kont..  .............. .............. + .015 19.5. Lmder, Wyo.. -- I 

+ .03i 1Si. St. JGnrs; Minn ............... + .021 1W. E d p n ~ o n t .  8. Dak ............. I ............... . + OoS 1 199. Daa.son. MUIII.. 1 - .001 200. Cokato, Minn. ................. I I 1 

The mean values of the anomalies with and without regard to sign are shown in the follow- 
ing table: 

I Anomaly 

H t z f i r d g  Bou y e r  InsrrCB I I I ,  

The nleail without regard to sign is much larger by the free air and the Bouguer than the 
Hayford reductions and for talle Bouguer i t  is so large as t.0 show that the c.oadit.ioii upon which 
i t  is based, nnmely, that of a rigid earth, is very far from the trut.11. 

There are only two Hayforcl anomalies greater than 0.059 clyne, and tliose are nt Seattle, 
Wash., at stations so close together tsllat they should be coasidered redly only one station. 

mnsimum' free-air allolllaly is at  Pikes Peak, C'olo. (Wo. 431, and is ' -t 0.216 clyn'k. 'I'he 
masimum Bouguer nnonlaly is -0.339 at Gunnison, Colo. (No. 45). 

The following table gives for the three methods the number of .anomalies wliich fall within 
certaiil limits : 

Mean with regard to  sign 219 stations.. ...................................................................... 
Mean without re ard to si I 219 stations.. .................................................................. 
~ e a n w ~ t h  regar8 to  s igns7  stations (8esttle st.atirms omitted). ............................................ 
Mean without regard to  s l ip  317 stat~ons (Seattle stations omitted). ......................................... 

-a 003 
.om - .I)Oa 
.Ol9 



' INVESTIGATIONS OF GRAVITY AND ISOSTASY. 

An inspec.tion of the data in this table shows tshat tshe anomalies by the Hayford 1912 
met-hod are clistributed in fair agreement with the law of distribution of accidental errors. There 
is no indicatio~l of any decidecl syst.emat,ic error for those anomalies. On the other hand, the 
distribution of the anomalies by each of tshe older nlet.hods of reduction departs greatly from tshe 
law of clistribution of accidental errors and ii1dicat.e~ that there are substantial systematic errors 
present. 

GRAVITY ANOMALY MAPS. 

The 1912 Hayford anonlalies for t.lle 219 stations in t.he Uilited Statmes ancl the 43 stations 
in Canada are shown in figure 11. The coiltoilrs were drawn mechanically. The whole area 
covered by the stations was laid out in triangles, each triangle having as its apeses three contigu- 
ous stations. In all cases where there was a choice those stat.ioni were selectee1 which gave most 
nearly an equiangular triangle. The poi11t.s 011 the contou~s were detselmjned by inte~l>olations 
along the triangle sides between the stations at. their ends. There are severtbl places where sharp 
angles in the colltours were take11 out and the contours rounded, but these .are of vely nlinor 
importance. 

The nlap shows no relations between the anomalies and the tSopography escept for coast 
topograpl~y, but it cloes seem to show some relation between the anomaiies and the geologic 
formtttion. Along t-he coast where tflle geologic foxmation is generally Cen,ozoic the a~lomaly 
areas are mostly negative. The large area of Paleozoic f~rnlat~ion wKch esbends westward from 
Pellusylvaniit is mostly aegat.ive, while the large Mesozoic: nnd pre-Caznbriim areas in the Dakotas,. 
Minnesota, and in biontaila and Wyoming tencl to be positire. (See fig. 17.) 

Figure 15 shows the gravity anomaly contours in the vicinity of the District. of Colunlbia. 
,These are so intricate that they c.ould not be shown well on the small scale of figure 11. 

Figure 12 shows the 1916 IIayforcl anolnalies ancl the grttvity contours for the 219 stat-ions 
in the Unitecl States, and figure 16 the 1916 anolllalies and ~ont~ours for the area surrouncling 
the Dis.trict of Columbia. These two nlaps cliffer very little from figures 11 ancl 15 sllowing the 
1912 C O I ~ ~ ~ O U ~ ~ .  

Figure 13 sllows tal1e Bouguer nnomalies. i ~ t  t,lle 319 stoations in the Unit,ecl States and 
anomaly c.ontoul.s. Littale conlment is needed in regard to this map. I t  was constructed in 
the same way as the 1912 and 1016 Hayford nnon~aly maps. I t  shows in a very impressive 
manner the close relatvions betsween the Bouguer ano~nalies and the charactier of tahe topography. 

Figurc 14 shows the fi-ee-air anomaly colltours for t,lle TTnitecl States. !Illis shows in a 
~4% 1011s. stliking mallne,r the relation between the free-air anomalies nnct the elevations of the st - t' 

Figures 13 itncl 14 seem t.o prove condusivelf that the earth's crust is not rigid aacl also 
that it is not highly p1ast.i~. On t-he other hand, figures 11 and 13 for the IInyford anomalies 
prove that the conilit.ion of isostasy with the compensation c1istribut.ed to r L  considerable depth is 
very near the truth. 

I Number or anomalies 
I 

Limits of anomalies in dynes 

....................... 0.050 to0.060 

....................... .010to .050 ...--................ .a30 to  .OM.. 
.02ot0 . O ~ O  ....................... 
.010to .W ....................... 

..................... 

Limits of anomalies in dynes 

0.100 to0.300 ........................ 
.I00 to :hX1 ........................ 

...................... .OLIO to .loo.. 
.as to  .mo... ..................... 
.OiO to .fM ........................ 

..................... .WO to .OiO... 

- 
i'iumber or anomalis 

In iree 
air 

1 
5 
1 
o 
0 

Haylord, 
1912 

0 
0 

Bouwer 

--- 
5 

31 

In !ree 
air 

11 
19 
25 
40 
53 
59 

-- 

-- 
Hayford, 

1913 

8 
S 

25 
crl 
69 
50 , .000 to. .010.. 

- 
5 

2 
3 
4 

Bouguer 

--- 
29 l3  
28 
2.1 
37 
35 7 
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AGREEMENT AS TO POSITIVE AND NEC+ATIVE AREAS DEDUCED FROM GRAVITY AND FROM 
DEFLECTION DATA. 

In figure 18 are shown t.he 1912 Hayford anonlalies for t.he 220 stations in the United States 
and the differences between the observed and t.he computed values of the deflection of t-he vertical 
a t  many astronolnic stations used by Hayf0rd.a There are also shown a number of ovals hclosing 
areas in'each of which, according to Hayford, the density of the material in the earth's crust 
is abnormal. They were drawn by him before any results of the gravity reductions were available. 

In  some of these areas gravity stations have been established, and in no case is there a 
conflict in the sign of the area as indicated,and the sign of the gravity anomaly. There are Illany 
of the gravity stations not w i t h i  these positive and negat,ive areas as shown on the illustation 
which agree with the deflections of the vertical in their locality. 

The two classes of data supplement each other and frequently give a rather dehi te  idea 
as to the direction from t,he station of the area uader which tho cause of a deflection of the 
vertical is located. For instance, if an arrow in figure 18, which shows by its length the sizo of 
the mlaccouated-for deflection, is close to a gravity station, the latter being in prolongation of 
the result-ant deflection, the gravity anomaly by its sign will indicate whether the plumb line 
is at.tracted in the direction of the firrow or repelled from the opposite side. It may be said 
t-hiit the gravity ancl deflectpion data arc in general in close accord. 

 supplemental Investigation in 19119 of the Figure of the Earth and Isostasy. 



Chapter IV.-RELATION BETWEEN THE GRAVITY ANOMALIES AND THE TOPOGRAPHY, 

A severe test of the reasonableness of a method of reduction of gravity stations is whether 
the anomalies are clifferellt in size ancl sign, on an werage, for clifferent characters of topography.. 

There are given below five tables, for as many different characters of topography, wllicb 
contain the anonlalies by four methods of recluction. The f%t method may be called the. 
Hn.yford, 1912. In  this method isostasy is considered complete, nncl the c.ompensation is 
assumed to be directly under the station and unifornlly distributed to a depth of 113.7 hi. 
The fornlula used in this methocl for computillg the theoretical gravity a t  a station is. 
what is c.al1e.d the United States Coast a.ncl Geodetic Survey 1912 formula, in which the. 
gravity at the equator is given as 978.038 dynes. The recil>rocal of the flattening is 11398.3 (the 
Helmert value of 1901 ; see p. 113). The secon~l illethod is similar to the first one, escept that. 
the depth of compeilsation is 60 h., m(l the fornlula used gives a value of gravity nt the 
equator of 978.040 dynes. Each of these methods is basecl' on the theoiy of isostasy. Tlle 
values of the depth ancl the equatorial gravity used in the second method were derived from. 
it solution of all the clatn in the United States, from which was obtained the United States Coast. 
ancl Geodetic Survey 1916 formula for the T.Tnited States. The derivation of this fomu1a.i~. 
given on page 133. 

The third nlethocl is the Bouguer, in which topography is considered, but the isostatic. 
compensation is not. I t  postulates a rigid crust of the earth. The fourth nlethod is the free 
air, in which neither the topography nor the conlpensation is taken into account. I t  postu- 
lates a very plastic crust with the compei~sat~ion at zero depth. The Helmert formula of 1901 
was used in computing t,he theoretical gravity at the latitude of the stations for the Bouguer. 
and the free-air methocls. 

At the end of the five tables there is given a table of the mean anomalies wit11 and without. 
regard 60 sign. 

HA1-FORb1 BOUGUER, AND FREE-AIR ANOMALIES, ARRANGED I N  GROUPS ACCORDING TO 

' TOPOGRAPHY. 

. - 

Inonmly. 
Distance 

Number and name of station 

54. San Francisco Cal... .......................................................... 
18. Beaufort. N. d.. .............................................................. 
8). Astoria, Oreg ............................ .......................... ............. 
90. Virginia Beach, Va.. .......................................................... 
9.3. Fernandim, Fla ............................................................... 
1. Ke West, Fla ................................................................ 

125. ~ t h t i c d l t  N J ................. .... ................................. 
.................. P. point ~salle?~ex.. ...................................... ... 

120 Brid eham ton, N. Y ......................................................... 
2.5: Crdeld, Id%. ....................... .: ..................................... 
149. Wilmingtm N. C.. .............................. .... ......................... 
11;-1. Pensamla +la.. .............................................................. 
127. ~hatham,'~ass..  .............................................................. 5. New Orleans, La .................................. .. .......................... 
4. Apalachhla, Fla ....................... ... .................................. 
27. New Sork. N. Y. .  ................................. :. ......................... 
26. Hobohitn N. J ....................... .. .......... .... ......................... 
GB. Compton: ~ d . .  ............................................................... 
2. West Palm Beach Fla.. ............. ....... ........ ....................... 

161. Cedar Keys, ~ly..). ............................................................ 
3. Plmta Gorda Fla. ............................................................. 

19. Boston.  ad. ................................................................. 
30. Cambridge Mass. ............................................................. 
17. charleston: 8. C. ............................................................... 
7. Galveston, Tex ................................................................ 

150. Titusville Flu ..................... :... ..................................... 
128. ~c&lmd; ~ e .  ................................................................ 

Mean with regard to sign.. ............................................................... 
Mean without regard to sign.. ...................... ..... .............................. - 

Piiomftete~ 
S5 
95 

1 
130 
145 

1CQ 
1SO 
1% 

1 
180 
195 
810 

. 225 

2 5  
234 
230 
"A 
1lj0 

280 
300 
300 
XI5 
330 

3% 
350 

-0.m 
-.021 
-.013 - .04S 
+.NO 

+.OD5 - 3 + .027 
- 2  - 
-.a31 
-.014 
-.014 
-.013 

.000 

+.m? 
+ .U24 - .U50 
A3 .01S - .02l 
+.010 + .005 + .005 - .021 - .OUg 

- .W1 
-.015 --- 
-.W 

.OIS 

-0.010 
-.WS 
-.010 - -039 
+.015 

+.015 - .O~S .+ -030 
-.016 
3 

-.O% 
-.010 
-.W7 
-.OlO + .004 
+.@5 + .0?7 
-.049 + .027 - .OlG 
+.017 
+.OOS + .009 - .016 - -006 

+ .W7 
-.013 

-.003 
.017 

+0.019 
+.a23 
+.W - .015 
+.036 

+.04S + . O U ~  + .W 
- t .W 
-.W3 

-.on1 
+.lWS 
+.OM 
+.00S 
+.025 

+.037 + .03R - .041 + .057 + .003 
+.03S + .WA + .059 + . + .006 

+ .W 
+.OK3 

+.017 
.021 

+0.030 
+.OX3 
+.OM - .015. 
+.W5 

+.W + .003 + .WJ 
+ . W  
- . M I 2  

.OOO 
+.W. 
+.OlS 
+.OM 
+.0?3 

+.041 + .oaO. - .W + .057 + .ao3 

+.038 + .oa + .0?3 + .003 + .W 
+ .030 
+.a 
+.017 . (rB 
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Forty-six stations near the coast, i n  the ordw of their distances from t71e open coast. 
- - - - 

I Anomaly 

Numoer and name 01 station 
1 Distance ] from the 

open ccast 

I- 

.............................................................. 157.. Homestead, Fla. ................................................................... 31. Calals Me.. 
25. ~rinc&.on. N. J ....... I.. .......... .-. ......---- ---. .......................... 1 
93 Wilmer Ala  1. 65 
2l7:  over, be1 ................................................................... 65 

I 75 23. Saltimore Md ................................................................ I 
%. worcester: Mass ............................................................... 85 
1W. Leesburg, Fla. ................................................................ $5 
24. Philsdelp!~ia. Pa. ............................................................. 90 

124. Port Jerva, N. Y.. ............................................................ 100 

159. &bring. Fla. .............................. ..'. ............................... 110 
148. Greenville. N. C... ............................................................ 130 
81. Slsson.Cd .................................................................... l a  
147. Emporia \'a .................................................................. 145 ................ ............................................. 150. Chersw, b. C.. .. 150 

146. Rlchmond. Va.. .............................................................. 
........................................................ 213. Uppor Marlboro, Md.. 

173. Greenville. Ah.. .............................................................. 
209. Laurel. Md .................................................................... 

........................ 21. Washington, D. C. (Coast and Geodetic Survey ollice) 

................................ 22. Washington. D. C. (Srnlthsonian Institution). 
163 Alban Ga ..................... -.- ...................................... 
145: ~aurefl~isi.::. ................ ..................................... 

.................................... $4 Washiugtnn D. C. (Bureau 01 Standards). 
316: Fredericbbhg, ~ a . .  ....................................................... 

............................................................. 144. Alexandria La... 190 
212. Rockville fdd .................................. -.. ............................ 1% 
214. Fairfax. Qn.. ................................................................. 200 
91. Durham, N. C.. ............................................................... 2111 
9. Laredo, Tes.'. ................................................................. 215 

65. Yuma, Arizr.. ................................................................. 
87. Nacogdoches. Tex ............................................................. 
123. Alhanv, N. + ............................ 220 
16. McCoimick, S. C .............................................................. 
10. Austin, Tes. (capitol). ........................................................ 

.................................................... 11. Austin, Tes. (uni\-ersitv). 345 
19. Charlottesville. Va.. .. : :. ..................................................... 250 

................................................................ 151. Charlotte, N. C 
............................................................ 319. Hagerstown, Md.. 

162. Macon, Ga.... ................................................................ 
165. O-peliLikAla .................................................................. 265 
32. It lacs . Y.. ................................................................ 

....................................................... ..... 91. Alireville, Aln .... ................................................................ 62. Kerrville. Tes. 
106. Fort Pent, Me. ............................................................... 315 

6. Rayville, La. ................................................................. 1 325 1 
............................................................... Mean wlth regard to z i p . .  ........................................................... Mean without regard lo sign.. I I 

Haylord, 
1912: 

depth 
113.7 k h  

EQhty-triyRt stafiims 6~ the intrrijr and rzat .in s~ountoinszcs regions, nrrnnfytd ,in the order of rlsvation. 

I I '  Anomaly. 

Hayford, 
1916: 

depth. 
60 km 

Bouguer 
g o ' -  

Nu1111ler and name of s td ion 

In free air 
(go- ro )  

I 

dlftcrs 
......................................................... 167. Arkansas City, Ark.. 44 

95. New Mflrid, Mo. ............................................................. 79 
............................................................. 108. Mcmphls Tenn.. SO 

88. ~ i l s o n  fi. Y .................................................................. $7 
13. ~ i t t l e  lkock, ~ r k .  ............................................................. 69 

-- 

............................................................. 142. Tesarkana, Ark.. 99 ................................................................ 87 Potsdam N Y 
............................................................ 141: ~ o r t  smith ' ~ r k . .  

133. ~ a t e r t o ~ n :  N. T ............................................................. 147 
35. Term Haute, Ind.. ............................................................ 151 

................................................................. 35. St.'Louis. Mo 151 
169. Man~moth S ring. Ark.. ...................................................... 
120 I<eithshur $1 ................................................................ ............................................................. 170: ~ o ~ k i n s v f i i e  ~y 
S. ~ l ~ e n a ,  Micd ................................................................. 1 7S 

- .005 + .013 - .m + . ono - .EC 
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Eighty-eight stations i n  the interior and not in 1nounta6~ous regions. arrayed i n  the order of eleuatio1b4.ontinued . 

I I Anomaly 

Number and name of station Elevation 

lllclen 
174 . Birmingham. Ala ............................................................. 179 . . 177 . Traverse City, Mich ............................................................ 180 ................................................................... 17% OcOntO. WiS 181 ................ ................................................ . 36 Chicago I11 .... 1.33 
138: sPring6kld, Ill ..... ....... .............................................. 1S3 

Bouguer 
~ V o " - r o )  

. .............................................................. 104 (Iharl&0~ w Va 
135' ~srkershdg  W . Va ........................................................ 

..................................................... 143: Hot 8 rings: ~ r k  ....... .'. 
134 . ~ r i e  . $a ........................................................................ 
166 . Huntsville, Ala ................................................................ 

In  free air 
(90-7.) 

. ................................................................ L.1 .  Winona Minn 
207 Whealing W . V a. ............................................................. 
1.1: ~ o l u m b i 6  Tqn ............................................................... 
33 Cleveland Ohlo ............................................................ 

203: ~ u ~ u t h .  dinn ................................................................. 
............................................................. . 137 Indiana 01s. Ind 

128 Sen% .................................................................. 
r3: Den h. Teu ................................................................. 

136 . Columbus. Ohio ............................................................... 
211 . Pittsburg. Pa ................................................................. 

.......................................................... . 121 Grand Rapids Mich 
12 . McUester 0kia ............................................................... . ............................................................. . 59 Pemhina k Dak 
34 . ~incinnati . ~ h i o  ............................................................... 
74 . Minneapolis, bfiun ............................................................ 

191 . Crookston. N . Dsk ............................................................ 
133 . Southport N Y ............................................................... 
37 . Madison $i s'................ ................................................. 
39 . ~ s l l s a s  blty MO .............................................................. 

~1 . winston.~aiern, N . c .......................................................... 

. . 016 . . O l i  

. . 035 . -049 

171 . Dsllville . KJ: ................................................................. 300 
1% Farillault lnn ............................................................... 301 
140: ~ o ~ l i n .  M A  .................................................................... 303 
l a  . Cambridge . Minn .............................................................. 303 
180 . Graud Raplds. Wis ......................................................... 306 

132 Angola Ind ................. ... .............................................. 
mOO' ~ o k a t o '   inn.. ............... -.-. .. .... ................................ 
199: Da\vs& Minn ................................................................ 
15 . ~ t l a n t a . ~ a  ................................................................... 

197 . St . James, Minn ............................................................... 
119 . Fort D.od ..Iowa.. .......................... ... ............................. 
lg . Baldwm.%'ls ............... .......................................... 
205 Leo11 Iowa .............................. -.- ................................. 
m' 0saai ~ o w a  ................................................................... 

............................................................ 1 ~ :  p&g$ Falls, ~ i u u  

1% . Brainerd. Minn ............................................................... 367 1 
96 . Meua, I r k  .................................................................... 365 

....................................................... . 218 North Tamarack Mirh 3iO 
IS3 . ~.urnber~aud  is) ............................................................. -?SO 
139 . ~ebanon,  M; ............................. .. ................................. 355 

1% . Aberdeen S . Dak ............................................................. 396 
60 .  itche ell. k . Dak ............................. ....... ........................... 40s 
58 . Ely . Minn .................................................................. 44s 

............................................................... . 159 Towner N Dak 451 
118: pierre, $ . ~ a k  ................................................................. 454 

57 Iron River Mich .............................................................. 458 
40: ~l l sw~r th . ' l~ans  ..................... .. ...................................... 469 

107 . Prentlce.Wn 469 
205 . Randolph . Nebr ............................................................... 515 

76 . Bismarck, N . Dak ............................................................. 516 

190 Crosby N . Dak ................. -... ........................................ 
... ....................................... .. .............. 192' ~ o ~ l s r '  ~ 0 n t  ... -- .... 

61' ~weet&ater Tau ............................................. : ............... 
7i: Hinsdale dont ............................... ... ............................. 661 
72 . shamrock, Ter ................................................................ 70s 

193 . M i l s c t y ,  Mont .............................................................. 71s 
206 . Valentme . Nebr ............................................................... 7% 
157 Faith 8 . Dak ................................................................. 756 
1%: ~arm'ar th . N . ~ & k  ............................. 823 
53 . Paxton, Nebr ................................................................. 932 

................................................................ 100 . Gu 
4, . w&E,J 1::: ................................................................ 

.................................................................. 99 . Farwell, Tau 

Mean with regard to sign .................................................. ... ............ 
Mean without regard to sign 



Thit-ty-SCT strrtwna i n  inountninolts rq ions  and belolu the geaeral level, a m t t g e h  iit  the order of their distances below the 
geneml level. 

- 
I Anomaly 

Number and name ofstation 

153 Cleveland Tenn .................................................. I23 I ................................................. 210' ~a r r i sbu ;~  Pa.. 
175' Lexington ' ~ a . .  .................................................. 

............................................... 172: Clifton FO&. ~ a . .  
85. North Hero, Vt.. ................................................. 

Average 
elevation 

within 
100 miles 
of station 

minus 
elevation 
ofstation 

Elevation 
Of station 

131: 176 LittleFslls,$. Pre~tonsbw Kv ................................................. 
I-. ................................................ 

155 hnosv~lle Tenn .................................................. 
m1: l ~ a s t a ,  S. b a k  .................................................... 
63. El Pa%, Tes.. ................................................... 1 

=Byford, 
1912 ; 

depth 
113.7 k& 

................................................ 19s. Eclgemont. S. Dsk 
113 Heppner Oreg .................................................... 

.............................. ................. 130: whitehail M. Y .. ................................................... 112. 9lvm la, firash 
110. Bduldr, ~ o n t  .................................................... 
111. Skykomish, Wash ................................................ 

................................................. 117. Ciuernsey, \iryo.. ................................................ 115. Winnemucca, Nev 
l0g 611eridan Wvo.. ................................................. 375 
~ 2 :   ROC^ Sp;in@, w~o. .  ............................................. 379 

Ha ford, 
1 

. de th 
609111' 

..................... 45. Gnnnison Colo ......................... :.. 
194. Huntle kont ................................................... 
42. ~ o l o r d d ~ p r i n g s .  ~olo. .  .......................................... 

195. Lander. Wqo ..................................................... 5 3  
49. 6nlt Lake bltp, Utah.. ........................................... 

................................................... 41. Denver Colo.. 5 i 4  
79. ~ o i s e ,  id&o ...................................................... 57.5 

................................................. tS. Sand oint Idaho SSS 
............................................. k. man$ cadyon. hri:. S24 
.............................................. 46. Grand Junction, Colo 8 0  

Bouguer 
(go1'-ro) 

47. Green River, Utah.. ....................................... .......I SiO ( 

In free air 
(go--ro) 

.................................................. xean with regsrtl to sign..  
............................................... Xean withoot regard to sign.. I I 

Tlrenty s t n t i o ~ ~ s  in  mnoutttoi~wtcs 1'cyi?n8 fi)td rihouc the ge)wr~il leirt'l, c trr?qed i n  the order of thcir dkta?ice$ above the gott'rul 
l ead .  

Number and name of station 

129. Lmraster. N. R. .............................................................. 
71. L ~ S  V C ~ S .  N. Mes ............................................................ 

116. Ely. Nev ..................................................................... 
............................................................. 101. Helmwood. Telm 

82. Lower Geyser Basin, 'Wyo.. ........................................... 
51. Norris Gevser Basin, Wro. ................................................... 
4s. ~ ~ e w n t  lmllev Junctiok ~ t n h . .  ....................................... :. .... 

152. Asheville, N. C . .  ............................................................. 
50. Grand Cnnyon, Wyo .......................................................... 
9s. Alphe, Tex ................................................................... 
64. Nogales, Arie ................................................................. 
20. Ilcer M k !  Md ................................................................ 
Slj Lnke Placld N. Y..: ......................................................... 

1C13: Hughes d... ............................................................. ................................................................. 75. ~ e d ,  S: ~ a k  

BS. Yawpai, -4riz ................................................................. 
114. Truckee Cal.. ................................................................ 
55. ~ w t  Aami~ton Gal ......................................................... 

102. Cloudlmd, ~enn- '  ............................................................. 
43. Pikes I'eak, Colo.. ............................................................ 

Mean with regard to sigu.. ...................................................................... 
Mean without regard to sign-. ............................................... 

.inomaly Elel-.% 
tion of 
"3tiUll 

z$ie 
CleV3tlm 

within 
100 miles 

~lfrlrr$. 
1 

18 
19 
33 
63 

139 
IU 
1W 
249 
265 

255 ' 
291 
306 
427 
4% 

512 
512 

1202 
132.1 
2035 

tiou of 
station 

Mt>frrs. 
21il 

IQW 
1962 
422 

2200 

3276 
2191 
670 
3 ~ 3  
1359 

llsl 
770 
571 
994 

1590 

2179 
1805 
1-2~2 
1890 
4203 

-. 

I n 2  
fqo-r~) 

-0.0113. + . nss. + .Oil?" 
+.063. 
+.035. 

+ .OW. + .036. + .029 + .044 + .OW 

- .ON: + .059 + .fH6. + .032: + .lo4 

+ .043 + .037 + .1?5. + .142: + .218 

+ .058. 
.05% 
._ 

..........I... ....... 

B O L I ~ I ~ ~  
(R"-x,: 

-0.031 - . ISR - .mi 
+.Ol5 
- .I93 

- .I77 - .187 - .045 - .XIS - .OSS 

- .I32 - .019 - .01i - .074 - .072 

- .I62 - .I63 + . ~ 3  - .042 - .204 ---- - .I10 
.I11 

Hayford. 
191% 

depth 
1 l S . i k k  

-0.018 + .@a - .031 
+.O4h 
-.001 

+ .021 + .OOQ - .n~.j - .002 + .El 

- .Om + .010 + .IMG - . 0 3  + .u52 

+ .001 - .025 - .003 + .004 
+ .021 

+ .001 
.017 

Hayford, 
1918; 
689th. 
63 km 

------. 

-0.011 + .oi6 
- .0:!3 
+.O45 
+.015 

+ . a 8  + .031 + .ON + .017 + .034 

- .NO + .022 
+ .016 - .012 + .062 
+ .012 

.OW + .013 + .02l + .M 

+. ..OM 
.OSa 
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Hmn anomalies. 

WITH REGAED T O  SIGN. 

WITHOUT REGARD T O  SIGN. 

Coast stations ...................................................................... 
Stations near the coa$t. ............................................................ 
Stations in the interior not in mountainous regions.. ............................ ... 
Stxtions in mountaino;~ regions, below the general lel-el.. ......................... 
Stations in mountainous regions above the e r ~ l  lei-el.. ......................... 

dnoi)mlit,s for all s tn t io~u trented as a single group. 

Number 
of stations 

27 
46 
85 
36 
20 

Yenn anomaly. 

Coast stations.. .................................................................... 
Stations near the c m t . .  .................................... :'. ..................... 
Stations in the interior, not in mountainous regions.. .............................. 
Stations in mnu~tainous regions, below the general level.. ......................... 
Stations in mountninous regions, above the ~eneral levcl.. ......................... 
All stations (except the two Seattle stations) ....................................... 

AII stations (except the two k i t l e  stntionsy.. ................................... 1 217 

The mea.11 nnomalies wit811 regard to sign for the Bouguer recluctioa show a rema.rkable 
ra.nge in vnluea froin +0.017 dyne for the coast stations to -0.110 dyne for stations in 
nlountn.inous regions w l k h  are above the general level. The other 'classes of topography have 
nzean Fouguer values 1vl1ic.h fall between these estremes. The value whic.h is nearest zero is 
for the stations near but not on the coast; that is, on the coastal plains. The effect of ignoring 
the compensation here shoulil have little effect. ns the topography is in ge~lersl very low. We 
n1a.y conclude thi?t there are decided relatic~ns between the Bouguer anon~aliea n.nd the charac,ter 
of the topogr:tphy. Therefore it is c.ert:~.i:l t,h:tt the earth's ol~lst is not rigid with the oceans 
and continent3 helcl in place as a result of its rigidity. The Bouguer method is certainly not 
baseil upon correct principles. 

The free-air anomalies hitve nzems with regaril to s i p  for the five topogrspl~i~ groups 
wl~ich xmge from -0.00s for n~ount~:r.in stations below the general level t.o +0.05S for those 
mountain stations wl1ich are above the geaera.1 level. The coast stations a.nc1 those near but 
not on the coasts have n1en.n a.nomalies, with sign coasiclerecl, of + 0.017. The stations in the 
interior llot in mountain regions have a lnean of +0.009. If the nlean of the 1912 and 1916 
villues for the gravity a t  the equator, 1vhic.h is 0.009 clyne greater t,hali the Helnlert 1901 value; 
hail been usecl, t,lw mean of the anomalies by the free-a.ir methoil for the stations in the interior 
ancl not in mountainous regions woulcl have been zero. This is as one might espect, for tlie 
effects of the distant topograpliy and conlpensation are not large (see tables on.l>p. 30 to 4'5) 
and the effec,t of the near topography on a plain is a.l.lmost exactly balanced' by the isostatic 
cornpe~lsatioa. I t  is n fact m-liicll should be kept in mind when studsing the effect of topography 
and isostatic compensation that the attractive effect of a nlass of uniforni density, of great 
horizontal extent, ancl of a unifornl thic.kness is the sanle as for R, mass of a much greater thick- 
ness, with a, correspondh~gly smaller density micl the same great horizontal estent. As an 

H;z:$dl 
depth 

113.7 k& 

-am 
-.OD1 
-.W1 
-.OM( 
+ . M I .  
-.002 

27 
48 
&S 
38 
20 

217 

- 

Mean \\-it11 regard to sign. 819 stations ........................................................... ..................................................... Mean \without regard to sign, 219 ststions.. 
Mean \!,it11 remrrl to si~m 217 stations (Seattle stations omitted!. ............................... 
.Man without regard to sign, 217 stations (Seattle stations omitted t . .  ........................... 

Hayford$ 

60%d 
----- 

- a ~  
+ . W 2  - .001 

.000 
+.016 
+.001 

~ouguer 

+0.017 
+.004 
-.M8 
- . lo7  
-.I10 
-.036 

~n free air 

+0.017 
+.U17 + .009 
--.OM 
+.058 
+.013 

Anomaly 

0.01s 
.021 
.019 
.OW 
.017 
.Ol9 

Ha lord, 
1812 

113.7kh 

-0.003 
.0?n - .0@2 
.019 

0.012 
.Om 
,019 
.OlS 
.E2'  

. .019 

0.021 
.025 
.033 
.10S 
.I11 
-049 

0.022 
-023 . 010 
.OH 
.059 
.(M5 

Hsvford, 

60$d 

0.0@1 . Om + .(KJI 
,019 

Bouguer 

---- 
-0.037 

.OW - .036 

.W 

In free air 

+0.01a 
.026 

+ ,013 
-0% 
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example, a disk of material 100 feet thick of density 2.67 and 1000 miles in horizontal radius 
will have practically the same attraction a mass 100 000 feet thick with a density of 0.00267 
and as before 1000. miles in horizoltal dimensions from the center of the disk. Therefore 'we 
have the attractive effect of the topography of a plain of greak dimensions exactly or nearly 
balanced by the effect of the compensation. (See p. 72.) 

The mean of the 1912 Hayford anonialies with regard to sign is only -0.002 (omitting the 
Seattle stations) and the mean value for each of the five topographic groups is small escept one. 
The mean of the coast station anonialies is - 0.009. This mean anomaly may be explained in 

by the fact that nearly all the material along the coasts belongs to the Cenozoic cir recent 
formation, and authorities give its density as ranging'from 2.40 to 2.50. (See table on p. 215 of 
"The Strength of the Earth's. Crust" by Joseph Barrel1 in Volunle XXII of Journal of Geolow.) 
This material is no doubt of considerable thickness at many parts of the coasts. It is shown 
on pages 70 to 83 under the heading "Relation between the gravity anomalies and the geologic for- 
mation,' that the presence of light 'material hi the earth's crust near a station would tend to make 
the computed value of gravity too great and the difference between the observed and con+ 
puted values would tend to be negative. If we should eliminate from consideration the coast 
stations or.assume that the vdue -0.009 is explainecl by the presence of the Cenozoic material, 
then the mean with regard to sign of the anomalies for the various topographic groups is 
never more than 0.003 dyne from the mean for all stations, and three of the groups have means 
whioh are only 0.001 from the mean of all. The total range in the means with regarcl to sign 
for the various groups, ignoring coast stations, is only 0.004 dyne. This is very different from 
the range in the means for the Bouguer and the free-& anomalies. It shows that this method 
is very much closer to the truth. 

The means for the Hayford 1912 anomalies for the various groups without regard to sign 
vary.only slightly. The lowest is 0.017 for nlountain stations above the general level, and the 
largest is 0.021 for stations near hut not on the coast. The mean for all is 0.019. The mean 
of the Bouguer anomalies without regard to sign for the several groups'varies from 0.021 for 
coast stations to 0.111 for stations in mountainous regions above the gelleral'level, while the 
free-air anomalies vary from a 0.022 a t  coast stations to 0.059 at stations in nlountainous 
regions above the general level. 

We must conclude that the average size of the anomalies without regard to sign indicates 
that there is no relation between the Hayford 1912 anomalies and trhe topography. 

The Hayford 1916 anonlalies give substantially the same evidence in favor of isostky that 
is given by the 1912 anomalies, but it is &fEcult to .see which method of reduction is nearer 
the truth. 

The mean value for the 1916 anonlalies with regard to sign for 217 stations is + 0.001. 
The mean anomaly for the coast stations is - 0.003, which is different from the mean by 0.001. 
For the 1912 anomalies tihe ulew O O L ~ S ~  anonlaly differs O.OOi from the mean of all, which is 
- 0.002. This may be considered as being in favor of a depth of 60 km. as'against the depth of 113.7 
km. But, as stated above, and also on pages 76 and 77, the material near the coast belongs in gen- 
eral to tlie Cenozoic geologic formation which is less dense than normal (3.67). The presence of this 
less dense material makes the computed value of gravity too great and the anonialies negative. 
The effect of rec2uc,ing the depth of compensation to 60 h. is to give the compensation of the 
oceans less effect at the coast stations, the conlputecl gravity is less, and the negative anoliialies 
are reduced in size on an average. I t  is questionable whether the reduced size of the mean 
anon~dy with regard .to sign for the 1916 reduction is evidence in favor of the reduced cleptli of 
compensation. 

The nleans with regarcl to sign for the 1916 anonlalik in the groups near the coast, in 
the interior not iu the nlountainous regions, and hi mountsinous regions below the general 
level, are practicdly tlie same as for the 1912 anomalies. Hence there is little evidence from 
these in favor of either reduction. 
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There is a decicled difference between the inean with regarcl to sign for the 1912 and 1916 
anomalies at stations in mountainous regions above the general level. The former is only 
-t0.001, whic.h shows no systematic error, while the latter is 4-0.016, which, on the other 
hand, shows a great systematic error. 

The clla~~ge in cleptli fro111 113.7 hl. to 60 km. does not make a material difference in the 
effect of the colnpenvation for the stations in nlountailious regions below the general level if 
there. is locd compensation of the mountain masses. (See p. 108.) -The table of individual 
values for the anomalies on page 66 shows that for tliis class of topography the anomalies are 
liearly tlie same for the 1913 and the 1916 recluctions. 

The table on page 66 for stations above the general level in mountainous regions shows 
that there is little or 110 sinlilarity between the anomalies by tlie 1913 ancl 1916 methocls. For 
the method t.liere are 9 stations of tlie 30 with negative anomalies, while for the latter 
t81iere are only 4. There are only 3 of the 1912 anomalies above 0.030, while there are 6 of the 
19 16 anom alies. 

If there is local compensation, then the effect of reduciiig the cleptli is t.o make the effect 
(negative) of the c.o~~ipensstioii greater and the c~niputecl value of gravity at a mount.zinous 
station less. The sign of the anlionlaly would in consec1uenc.e taend to be positive. Tics is wliat 
we fi~icl to be the c.ase,. If the conipensntion is regioaal, tlle.11 the effect of ch~iging tlie depth 
of conlpensation is snialler than if tlie'compeasation were locd. 

, 

I t  is believed that from the above eviclence the conclusion nlay he drawn that the depth 
of 113.7 km. is newer tlie tl-utli bhl~li 60 km. ill lnountainous regions, ancl that local clistribution 
of the coml~ensation is Inore probable than the regional if the latter distribution estends to great 
clistances from the topographic features. This agrees with t,lle evidelic,~ given under the heading 
"Regioad versus local clist~ribution of conipensat~ion." (See 111). S5. to 93.) The clata and 
discussion on pages 97 to 131 in connection with the anonidies for various cleptlu shoulcl be 
consiclered in connection with tlie data given above. 

I t  is believed that the further co~lclusiolls may be justified, that there is n relation between 
the coast tol)ogmpliy mid t,lie gravity alioilldies by tlie 1913 reduction, tliis relation prolmbly 
being clue to the lighter material in the eartli's m s t  below sea level, ancl thnt there is dsb a rela- 
tion between the topogral>liy and the gravity a~iolnalies at stations ili mounbainous regions 
a,bove the general level for the 1916 inetllod? this relation being esplained by the erroneous 
depth of coml>ensation for tl& ~llethocl (60 km.). 



Chpter V.-RELATION BETWEEN THE GRAVITY ANOXALIES AND THE QEOLOGIC 
FORMATION. 

Surface densities are know11 to cliffer somewhat from the mean surface density and these 
differences will sometimes occur over large areas. ' They should cause, therefore, some varia- 
tion of. the value of the intensity of gravity from the normd. As the surface cle~lsities vary 
somewhat for the different geologic formations, a study l ~ a s  made to learn ~vlietlier there is my. 
relation between the Hayford gravity anomalies m d  tlie surface geology at the ~t~atioas. On 
page 315 of the Journal of Geology (TTol. =II; 1914) Barrel1 gives the following estinlated 
mean spec.ific gravities of geologic formations : 

Pre-Cambrian.. ..................................................................... 2 7b9 SO 
Paleozoic and hleaozoic. .............................................................. 3.50-3.60 
Cenozoic. ....................... , .................................................. 2.40-2.50 

The author presents the clata in the tables following, which may be used as the basis for 
investigation by others wlio are interested hi this subject. The tables give data for the 219 
stations in the United States,' 42 stations in Canada, and 73 stations in India. For all of these 
stations the 1913 Hayford anomalies have been computed and are given. 

The stations in the United States ancl in Canada were plotted on ths geologic. map of 
North- America whicli bears the following title: "Geologic map of North America, compilecl 
by the United States C.eological Survey in cooperation with the Geological Survey of Canada. 
and.I&tituto Geologico cle Mexico, uncler the supervision of Bailey Willis ancl George W. Stose, 
Scale 1 :5 000 000, 1911." The decision as to t l i ~  surface geologic formation on which the sta- 
tions are located was based entirely on this map. I t  is probable that the classific.ation would 
differ occasionally if other sources of. in€orniation were used. The writer believes, however, 
that only minor changes would be rnacle in the tables given below and the conclusiolis drawn 
from them woulcl not be materially cl~angd.  

The Indian stations were plotted on a geologic map taken from the pocket at  tdie back of 
"A manual of the geology 'of India," by Medlicott and Blanford, secolid edition, revised by 
Oldham, superintendent Geological Survey of India, 1S93. 

The tables give tlie statiolis and tlie Hayford 1913 anoninlies for each of the formations, 
(1) pre-Cambrian, (2) Paleozoic, (3) Mesozoic, (4) Cenozoic, (5) Effusive axid Intrusive, mid (6) 
unclmsifiecl. 

In  the tables for tlie United States t,he 1912 and 1916 I-Iayford anon~dies are given. The 
former are based up011 the United States Coast and Geodetic Survey fornula of 1913, viz, 

which gives the value of gravit,y for any latit~~cle at  sea level. The coml>ensation mas assumed 
to be u n i f o d y  clistributed and complete at rt depth of 113.7 h. The 1916 value; are based 
upon the United Stat,es Coast and Geodetic Survey formula of 1916 (see 1). - of this volume) 
viz, 

yo = 97S.040 (1 + 0.005302 sin3 9 - 0.000007 sin3 89) 

.and upon a deptli of isosJatic compensation of 60 km. 
Tlie relations between the gravity anomalies and the geologic formatiolis in C!anacla and 

India are considered later (pp. 80 t,o SS). Tlie anomalies given for these countries are conipar- 
able with those shown in the followi~ig table for the 1913 formula k d  clepth of 
It will be show11 later in what measure the relations for the stations in those countries c o b  
or negative those in the United States. 

70 
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RELATION BETWEEN T H E  GRAVITY ANOMALIES AND TIIE GEOLOGIC F'ORhfATION FOR 8TATIONS 
I N  T H E  UNITED STATES. 

PrsCambrian formation: I ................. 16.. +0.015 
................. 34.. + .O22 

43-.. ................. + .0?1 
45. .................. + . 0 s  
57 .................... + .a35 

Stat,wns in the United Stales and Hayford anomal.ic.s for spec#ed formofions. 
.- - 

I?%. .................. 
l" i.. ................. 
142. 

I 
.................. 

144.. ................. 
145. .................. 

Eaylord anomaly IIayford anomaly 
Formation and station Format.ion and station Formation and station 

number / 1912 1 19Y I nlYIJer 1 1912 1 1916 1 numlC 

'aleozoic formation: 
12.. .................. 
14.. .................. 
20. ................... 
29.. .................. 
30. ................... 

Hayford momsly 

l9l? 1 1916 

'I? .................... - .OOi 
.................... 46 + .024 

4 i  .................... - .0?1 
54 .................... - .m 
55 .................... - .m 

161.. ................. - .oOa 167 ................... + . w 5  - .001 168 ................... + .016 190 ................... 
+.m ?on ................... 

213.. ................. 
+ .OX 215 ................ ... + .@'3 217 ................... - .017 - .00S Intrusive formation: + .om 9s.. .................. 

31 .................... 
+ . m  86 .................... + .031 103 ................... + .om + .014 111 ................... 
+ .036 151 .................. 

154.. .............. .. . 
$ , :!! EEusive formation: + .02S 50 ............... ..... 
+ .007 51 .................... 
+ .0% 5? .................... 

81.. .................. + .005 + .a54 98 .................... 
+ . m  110 ................... + .026 113 ................... 
+ .OW 11 'I... ................ 
+ .007 

Unclassified: 
13.. .................. 

+ .Ol5 15 .................... 
+ .OSi 19 .................... + .01i 91 .................... 
+ .OW 22 .................... - .om 

Cauozoic formation: 
1.. ................... + .005 
2 ..................... + a 01s 
3 ..................... + .010 
4.. ................... .om 
5... .................. - .013 + .m4 + . O?' - .01? + .004 + .010 

174.. ................. 
175.. ................. 
li6.. ................. 
lii.. ................. 
17s.. ................. 

- 

a These stations are near preCsmllrian Iormations. 
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Stat.wna in the United States and Hayford anonzalies for specrified fomatwm-Continued. 

SUMMIRY. 

a Counting the two Seattle stations as 
b With Seattlestatious omitted. 

Geologic formation 

PreCambrian .................................................................. 
Paleozoic ...................................................................... 
Mesozoic ........................................................................ 
Cenozoica. ..................................................................... 
Cenozoicb ............................... ............. 
Intrusive.. .................................................................... 
Effusive.. ..................................................................... 
Unclassified .................................................................... 

dllstationsa ............................................................. 
.4llstationsb.. ........................................................... 

one. 

ANOMALIES ON PRE-CAMBRIAN FORMATIONS. 

In  the above suminary it is seen that there are 14 stmations located on pre-Cambrian forma- 
tions and t-hat 15 have positive and o111y P negative 1913 anomalies. For the 1916 a~lomalies 13 
are positive ancl only 1 negative. This seeins to be very strong evidence that we may expect 
positive anomalies a t  much the greater nulnber of future stations in the United States which 
niay be located on the pre-Cambrian formation. It is n~tewort~hy that nearly all of the pre- 
Cambrian stations in the United States are located on wry  small are.as of that formation. 
This may give some clew as 60 the cause of the large positive anomaly. 

If the density of the upper strata of the earth's c,rust for large clistances (horizontkl) froni 
the' stations is above normal, then the effect of this greater density, which will tencl to increase 
the gravity, wiU be offset by the opposite effect of the compeasa.tiag cleficiency of density in the 
deeper crust. This is due to the Eact that the effect of a certain amount of material in the fornl 
of a disk of infinite horizontal estent is the same on a unit mass of matter whether the unit mass 
is imnlecliately above the surface of .the attracting matter or a t  an indefiiite distance above it. 
Therefore, if we sho~ild have a stratum or mass of 11i-e-Cambrian mate~ial of clensity 2.90 at the 
eartli's surface directly under the station, and of griat or infinite estent horizontally, it would 
have the same attractive effect on the unit mass as if this matter were distributed through a 

vertical distance but had the same horizontal estent. Therefore, if the dense material 
at  the surface were compensated for by a deficiency of density in the lower crust, the po'sitive 
effect of the former would be csactly counterbalanced by the negative effect of the compensation. 
Hence, we should not expect a decided positive anomaly at a pre-Cambrian gravity station should 
the formation be of uniform thickness 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 
state of perfect isostatic equilibrium at the depth of compeisation. 

If, however, the area of de~lser material is limited in horizontal extent, then the effect of the 
added material, being inversely proportional to the square of its dista~ice from the attracted 
unit mass, will be greater than the negative effect of the compensation. Therefore, if there is a 
compensating la,c.k 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 thick- 
ness of the stratum of pre-Cambrian rock, its density, its horizontal estent, and the vertical 
location of the compensation. 

In  Special Publication No. 10 (pp. 110 and 111) there are given some numerical esaniples 
showing the effect of strata of ~arious tshic.hesses and clensities. 

It shoulcl be borne in mind that in niaking the gravity reductions no nume]-ical values are 
given for the densities in the earth's crust below sea level. (See p. S.) It is assumed that the 

Number of stations Mean anomaly 

With plus 
anomalies 

1912 
- 

13 
23 
25 
23 

2'2 
3 
3 
1S 

104 
1114 

With ~egard 
to slgn 

1912 1 1916 
- - 

All 

- 
14 
i3 
36 
5.5 

54 I 

8 
20 

215 
217 

Without regard 
to sign 

lola 
- 

13 
20 
26 
22 

22 
2 
5 
17 

105 
105 

With minus 
anomalies 

+0.019 
- .011 
+ .009 
- .Mi 
- .006 
- .013 - .005 + .010 
- .M2 - .M2 

1912 
- 
0.033 
.031 
.017 
.019 

.01S 

.0?2 

.Ol5 
1 

.Om 

.019 

1912 
- 

? 
4 
11 
32 

31 
5 
6 
S 

113 
113 

+0.025 - .010 + .011 - .004 
- - 0 3  - .00 + .010 + .014 

.000 + . 0 1  

1916 
- 

0.02s 
.020 
.017 
.018 

.016 

.019 

.019 

.021 -- 

.019 

.Ole 

19115 
- 

1 
50 
10 
32 

31 
5 
2 
S ------- 

lap 
107 
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densities in the. crust under the coastal plane at sea level for the various strata are normal, and 
that these densities are moclifiecl by the isostatic conlpensation under the topography of the 
interior of the continents ancl uncler the .oceans. It is only the cleviations from the iiornlal 
densities in the crust below sea level wllich are coasiderecl in these investigations. 

The effect of masses in clifferent locations with reference to the station is indicated in the 
.following table, .which, with some additions, is reprintecl from page 109 of Specid Publictktioll 
No. 10: 

Table of nttractio~as for various masses. 

(Each tabular vnlue is the.xTertical sftraction in dynes produced at a statioqby qmsss e uivalent to a stratum 100 feet thick. of density 2.C;. and of 
the horizontal extent mdfcated ln the left-hand argument. lf that mass 1s unllurmlySistributed from the level of the station down to the depth 
indicated in the top argument and from the station in all directions hmizont;llly to the distancur indicated in the I&lund argument.] 

I t  is seen froni the preceding table that a pre-C~anibrian forniation 10 000 feet thick, with 
a density of 2.94 (just 10 per cent greater than the assumed nornld surface density of 2.67) ancl 
10 h. in horizontal estent in .dl directions from a station on its sudace will give an increase in 
gravity of 0.029 dyne. The effect of the isostatic c.oinpensation (unifornlly distributed t,o the 
depth of compensstion), the negative equivalent of 1000 feet of materid of n o m d  density 
(2.67), is only 0.003 dyne. The resultant effec.t is +0.026 dyne, approximately the average 
size of the 1912 pre-Cambria~r anomaly. 

If we shoulcl have a pre-Cambrian formati011 10 000 feet tlGck of density 2.94, ns above, 
but of 166.7 Irm. horizontal extent in d dire~t~ioiis fron~.the station, tlie effect of the topography 
on gravity would be increased by 0.034 dyne, while the effect of the colnpensation of this escess 
of mass would be -0.024 dyile, and the resultant effect would be only +0.010 clyne. Now, 
if the fou~~clntion under consideration were estencled horizontally 1190 h. from the statmion, 
the positive effect woulcl be -1-0.037 clylle and the effect of its compensatio~l -0.035 dyne, 
a1lc1 the resultant effect at the station only +0.002 dyne. 

On page SO, under the cliscussion of the C m d i m  stations, it is sliown that the anomalies 
at the stations in. pre-Canlbrian formations are not, positive ns in the United States. They 
differ little from the nlean of all stations. The pre-Cmbria~l formations in Cmada are of con- 
siclerable horizontal estent, and therefore the effect of the increased surface densities is offset 
by the isostatic compensation. This agrees with the above reasoning. 

If. there were many gravity stations on ancl near a limited area of pre-Cambrian formation, it 
might be possible to estimate from the results tlie npprosinlate limits of the space within which 
the densities were above nornld. But i t  nlust be borne in nlincl that the problem of determin- 
ing esactly the space or spaces within which there are ab~loimd clensities whicli might cause 
the anonlalies is not susceptible of mathematical solution. This is because t8l1ere are too Illany 
unk~iowns which would enter into any equations used rtllcl arbitrary assumptions wo~llcl have 
to be made. Of course, the problem can be treated n~athenlatically ancl with greater numbers 
of stations in any given area tlie truth can be nlore closely approsirnatecl. 

' I t  seems to be evident that the anonldies we not due simply to a11 assunled erroneous cle~lsity 
of the nims above sea level, for at  a number of pre-Canlbrian stations the el~vation above sea 
levd is less than 1500 feet, ancl the masinlunl eEect of a change in the density of 10 per cent in 
that m.ws would be only 0.005 clyae. The cause of the anomaly must therefore be 1oc.nted to a 
Iwge extent below sen level in llearly all cm&. 

Radius of mass 

1.25 km. (the outer radius of zone E ). ....................................................... 
5 km.. ....................................................................................... 
10 km.. ....................................................................................... 
166.7 km. (the outer radius of zone 0). ....................................................... 
1190 km. (or loo +I1, the outer radius of zone 10). ............................................ 

- 
Depth 

lo00 
feet. 

0. ME0 
.01133 
OW4 

.Il03i 

.W40 

1OOOO 
feet. 

----- 
0.0011 

.0025 

.00% 

.OW4 

.(lo37 

5000 
feet. 

0. 001s 
. WXI 
.OW3 
.W34 
.OW 

15000 
feet. 

O.lHNS 
,0021 

ii!: 
meters. 

0.0000 
.COO1 

.00?7 .arYJ 

.0034 . W U  

.W37 I .W35 
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I t  is no doubt true that the deep-seated rocks have densities comparable with those of 
the pre-Canlbrim rocks seen at the surface, but the eause of the anomaly a t  pre-Cambrian sta- 
tions seems to be due largely to the dense rock protruding through the materids of .the upper 
crust which are of less density. 

The author does not mean to state that the whole of ally nnomdy is due to the geological 
fornlation, for there is probably in many cases a locd lack of perfect isostasy yhich nlay pro- 
duce deviations fronz the normal gravity. 

I t  is a noteworthy fact that the pre-Canlbrian stations in the United States show m escess. 
of gravity in general, and that they are on areas wllich hcve been subjected to erosive action 
for' geologic ages. We may co~lclude that as erosion has taken plrtce. there has been a rising 
of the areas clue probably to isostatic adjustment. 

The 1916 anomalies, based upon a depth of con~pe~~satioa of only 60 h., are very little 
diflereat from the 1912 anomalies, which are based upon a clepth of 113.7 km. The forl~lcr 
are, on an average, 0.006 clyne greater than the latter, and this is what might be espected 
upon the assumption of locd perfect compensation. The fact that the conlpensation is closer 
to the station would make its effect greater, coasequently the combined effect of the greater 
density of nlatc.rid above sea level ancl the co~llpensating deficielwy of material in the. lower 
crust would be sindlcr than for the 1012 anomalies. 

The eflect of a change ill the depth of compensation is discussed on pages 97 to 131. 

I11 the ITnited States tellere arc 72 s t s t i o~~s  in the Paleozoic. folmlation, for which 49 of the 
1912 all~lllrtlie~ are negative and 33 positive. The nlean with regarcl to sign is -0.011 dyne, 
mlcl the mean without regarc1 to sign is 0.021 clyne. 

The adtlition of 0-4 stations in the United States since the investigation in 1912 (Special 
Public.ation No. 12) has.incre~wied the tencleacy of the Paleozoic rwlonldies to be negative. 
A Iiwge area of the United States is coverecl by r0c.k of this fornlation, and the 73 Paleozoic 
stations are nearly one-third of all the stations. 

Tlie density of the Paleozoic fornlations is given by Barrel1 as 3.50 to 3.60. The average 
clensity, 2.55, is 0.13, or abou t 5 per cent, lower than the clensity *used in nlaking the conq>uta- 
tions. The situation here is opposite to that connt?cted with the pre-Cambriail fornlatioa, for 
the stations there tended to have positive mlomdies. I t  might he assuinecl that the c.lust 
under the Paleozoic fonl~ation is not in a state of perfect isostasy, and that the anomalies are 
the result of the departure fro111 that state. . This view is probably erroneous, because the 
anomalies on very large areas of Pdeozoic fornlation have negative rdues and would there- 
fore indicate decided regiond deviation fro111 the perfect condition. Most of the data contained 
in this report, i~lcluding the rtllonlaly maps, indicate that we have in the TJnitecl States local 
rather than regional deviations from perfect isostasy. 

Th6 te1ldenc.y of the .anomalies to bc negative could be caused by the lower clensity of 
the material in this formation, as compared with the value used in the computations. If near 
a station in a Paleozoic area the density of the upper crust were below normal, say, 5 per cent, 
to a depth of 15 000 feet ancl to a horizontal distance of 10 km. from the station, the effect 
of this deficient density would be a change in the attraction of 0.020 dyne. The effect of the 
conlpe~lsating increase in clensity in the lower crust would be f0.002. The combined effect 
of considering the local densities makes a difference of 0.018 in the anomaly at the station 
ill question. 

The effect on gravity at  a station due to using an erroneous value of the density of the 
topography, that is the inaterid wlicll is above sea level, woulcl be small as a general rule for the 
average elevation of the Pa.leozoic stations in the United States is somewllat less than 1000 
feet. The effect of changing by 5 per cent the density of the topography to a depth of 1000 
feet and 10 h. in all directions fro111 the stations would be only 0.0017 dyne. The effect of 
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the compensation of tlie escess of mass would be less than 0.0003 dyne. I t  is evident that the 
principal cause of the negative PaIeozoic nnomalies is lower than sea level in the eartll's crust. 

I t  is probably true that the lighter density of Paleozoic material is the principal cause of 
tlie tendency for the anomalies at stations on this formation to liave negative signs. This is 
no doubtsup~~leinented bylocal departuresfromperfect isostasy near stations withlarge anonialies. 

I t  is possible that the positive anomalies and the small negative anonialies are in areas 
where t,he ~deozoic  strata are thin or which. liave material denser than normal underlying 
the Paleozoic matter. 

The 1916 anomalies for Paleozoic areas seldom differ from the 1912 anomalies more than 
two units ill tlie last place ancl the niean anonialies with and without regarcl to sign are practically 
the smile. Tlus is as might be espected, for t,lie Paleozoic stations are in general on low topog- 
ra.phy ancl, a.s sliow1i on page 72 in tlie cliscussion of the pre-Cambrian stations, a disk of very 
great horizontal extent has the same attractive effect regardless of the distsnce of the attracted 
niass froin t,lie surface of the clisk. ' In fact, the effect of the topography ancl its colnpensation 
are so nearl:? equal at ~tat~ions in Paleozoic areas that the a.liomalies by the freeair reduction; 
in which 110 ac,count is taken of tlie topography and conipensation, are nearly the same rts the 
Hayford zlliomdies. An erroneous depth of compensation used in the computation can not 
explain the rtllo~nalies in the Pdeozoic formation. 

Tliat there is in general a close al)prosimation to perfect isostasy is shown by the Bouguer 
anonialies.ia tlie interior of the continent not in mouitainous regions, for they are nearly all 
negative and are of collsiderable size, while the algebraic m e w  of the Hayford anomalies is 
nearly zero. 

Tlie Paleozoic negative mionlalies in general are probably due in most part to departures 
fro111 noniinl cleiisities in the strata in tlie upper crust, but below sea level, comparatively 
new tlie stmation, .znd to a less degree: to local departures fro111 perfect isostasy. 

ANOMALIES ON MESOZOIC FORMATIONS. 

Of tlie 36 ~tnt~ioiis in the Mesozoic fnnnation, 25 1in.ve positive ancl 11 negative 1912 anom- 
alies. The means ~~it.11 anil 1-ritliout regard to sign are respectively +0.009 and 0.017 dyne. 

. Barrel1 gives the density c:,f Mesozoic roclr as ranging from 3.50 to 3.60. This is lower t8l1an 
the ciensity (3.67) used in ~llalcing the topogral)hic recluctioas. There seenis to be no evident 
relation between tlle surface densities of the Mesozoic rocks ancl the agomalies. If there were 
the anomalies mould be negative rather than positive. 

That t.1iere is sollie relation8betweea the forniation ancl the anomalies seenis to be well 
established, for t,lie positive anonlalies largely esceecl the negative ones in number, and tlie mean 
aaoznaly with regard to sign is just one-lidf the size of the mean of d l  (219) anolunlies with- 
out regarcl to sign. But tlie cause of tlie positive sign of tlie Mesozoic anomalies is below the 
upper strata. That i t  is regional to a certain estent is show11 by the persistency of tlie sign in 
any estensive Mesozoic for~nation;sucli as in the Da.kotrl and in emter~i Montana. But that it 
varies from place to place is iiiclicated by the different values of tlie anomaly. For instance, at  
Edgemont, S. Dak. (station No. 19s) the anomaly is +0.054 clpne ancl at Moorcroft, Wyo. 
(station No. 302) only 90 nliles distant,, it is + 0.021 dyne. 

There, of course, may be departures in the Mesozoic areas fro111 the state of perfect isostasy, 
but i t  is impossible with the present data to cleterilii~le wit.11 ally degree of certainty wliat por- 
t,ion of an anomaly is due to such departures and what is caused by departures from normal 
clensities in the crust above the cleptli of con~peiisation or even below that depth. Tlie depth of 
collipensation as conlputed from geocletic data sliould not be considerecl as very definite. Tlle 
probable error of tlie deterniination is conlparatively large. Tlie change in the deflection and 
the gravity anonialies is comparatively slow with a change of depth rind the value of the depth 
is therefore somewhat indetaninate. (See pp. 97 to 112.) 
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ANOMALIES ON CENOZOIC FORMATIONS. 

The a1iomn2ies at  Cenozoic stations have R tendency to be neg,at8ive, as is. shown by an 
inspection of the aiioinrtlies at 55 Cenozoic stations in the United States. Only 22 of them 
are positive, while 32 are negative. 

Barrel1 gives the Cenozoic densities as ranging fro111 2.40 to 2.50 (see table onp. 70)) which 
is less than the clensity used in iii&ing the topographic red~ct~ions. Tliat a portion of the 
anomdies is due to the. slnall density of the surface material and of the crust close to the surface 
seems to be eviclent. The size of tlie moinalies may be an iiiclicatioli of the space occupied by 
the lighter material. Where the anomaly is large and negative the iigllt strnta would probably 
be of great tl~ickiiess ancl of small horizontal cllme~isio~is. The erroneous cleiisity could be the 
cause of the negative anoni,dies, provided there were no local departure froiii perfect isostasy. 

If the Cenozoic fo~luatioa of s n l d  clensity is small in horizontal dinlensions, ancl if tliere is 
perfect local isostasy, tlie effect of the light inaterial in the upper crust and near the surface 
.would be niuch greater than the opposite effec.t of the conq)eiisating increase in density in the 
lower crust. 

For instance, if the density of the upper crust to a depth of 1'0 000 feet is 2.40 (10 per cent 
less than the nssui~iecl surface density), m d  if the iiiateiial extends in n liorizoiital clirection 10 knl. 
fro111 the station, tlie effect would be - 0.029 dyne. Tlie effec.t of the conlpensating increase in 
density in the reniailicler of the crust to the depth of the coinpensation would be only + 0.003 
dyne and the coiiibined effect would be - 0.026 dyne. If the lighter niateiid esteiids 20 or 30 
hn .  froin the station, the conlbined effect would be solnewhat less, while if i t  esteiidecl 166.7 
knl. in RU directions from the station, the c,oiiibinecl effect woulil be only - 0.010 dyne. 

Tlie cause of tlie large Cenozoic anomalies niast be local, for there are decided differences 
in the size of the anomalies at pai.m of stations w1;cli are comparatively close together. For 
instance, at  Virginia Beach (station No. 90) the anomaly is - 0.045 dyne, while at  Crisfielcl 
(station No. 215) the anomaly is only -0.029 dyne. The distance between the stations is 
about 50 iililes. 

It appears frolll the evidence above tliat we may gain from the negative anomalies of the 
Cenozoic forniations seine idea of the clepth of the Cenozoic niateiial at  a station, and where tliere 
are inmy stationsin any givenlocility of Ce~iozoicforrnation wemay get an aly~roxirnation to the 
horizontal limit,s of t,lle aff ect.ec1 spaces. For instance, i t  is reasonable to conclude that if the 
Virgi~iia Beach anomaly is caused by a thick stratum of material of liglit clensity, and that if 
this stratum este~icls to Crisfield, it is considerably tliinner at the latter station. The reasoning 
employed in the cliscussion of the pre-Ca1nbria.n anonidies on' pages 72 to 74 would indicate tliat 
the large Cenozoic anomalies inust be clue largely to local causes, if it is assuinecl that an area 
under investigation is in a state of perfect isostatic equilibrium. 

The data in the table on page 63 i~iclicate that tliere is strong evideiice trliat tlie coast 
stations tenel to have negative anonialies. I11 the table given on page! 79 tliere are shown the 
anoillalies at  tlie C!enozoic stations back froin tlie coast. Of the 19 statio~is there are 5 witli 
positive and 11 with negative 1913 anomalies, but the nieaii anomaly with regard to sign is 
- 0.009 clyne. If, however, we efinlinate the SeattJe anomaly, wlich is - 0.093, and tlie anon~aly 
of station 93 (Wiher,  Ala.), which is -0.044 clyne, tliere woulcl be 8 positive and 9 negative 
anomalies and tlie iilenn with regard to sign would be only - 0.001 dyne. 

This is practically 1101111al on ail average. It may iiicli~at~e that the Cenozoic materitd in 
the interior of the country is not of great tahickness, or tllnt, if tliic6, i t  is of coiisicleral~le hori- 
zontal estent, or that the materials uncler the Cenozoic stratuin have cleiisities which are greater 
than tlie 1101111al. Of course, the tmoinaly inay in part be c,aused by a lack of perfect compen- 
sation. The Bouguer anomalies at tlie 17 stntions uncler consideration indicate that there is 
collsiderable isostatic colnpensation under these stations. 

There is evicleiitly a definite relation between the coasts and the gravity anomaly, but 
i t  may be clue to the presence of Cenozoic n~ateiials.wliich est,encl along practically all ot' the 
coasts. Tlie cause of the clifferelice in the size of tslle 'mioiiialies at  ctifferent stations inay be 
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duo to the v q i n g  thickness of the material and the varying horizontal dinlensions of tluck 
and thin strata. 

That the Cenozoic areas are undercompensated, as tslie negative anolnalies might inclicate, 
does not seem to be true, for the reason that these areas are areas of deposition in recent times 
and the areas have probal>ly been shkiilg during the time when inaterids were accunlulating 
on them. This deposition of material would Ieaci one to suppose that the crust under such 
areas is heavier than normal. U~ldercompensation therefore appears to be improbable, The 
writer is aware that there niay be even in areas of heavy deposition sections which are under- 
compensated, but this would be due to conditions existing before deposition began. 

The 19 16 ano~al ies  at  Cenozoic stations show greater clifferences from the 1913 anomalies 
than they do for the other formations consiclered above. In  most cases, where there are decided 
differences, the stations are on or near the coasts near where there is deep water. The com- 
putecl effect, which is positive at a land station, of the compensation under the water is greater 
when it is fartlier from tlie surface, for the effect of lengthening the distance to the effective 
center of the attractin! mass is more than offset by the increase in the sine of the angle of 
de.pression to the effectlve center. The effect of a mass in the earth's crust on the attracted 
unit mass is directly proportional to the sine of the angle of depression to the effective center 
of the attracting mass and iaversely proportiond to the square of the clistctnce. 

The coast stations would therefore have s smder  conlputecl gravity with the depth of 60 
km. than with a cleptll of 113.7 km. Consequently the negative anonlalies would be recluceci 
in size and the positive anomalies increased. For the coast stations the new depth (60 km.) 
gives a mean anonlaly with regarcl to sign of -.0.003 dyne, while with a depth of 113.7 km. 
the mem is -0.009 dyne. The new mean is nearer zero, but it is uncertain whether this is 
an indication that the smaller depth is nearer the truth. The discussion above shows that the 
negative anomdies based on the old depth inny be ~cc.o~latr.cl for in general by lighter material 
in the upper crust. 

AN03IALLES ON INTRUSIVE FOIEEIATIONY. 

The number of stations it1 intrusive areas is only 7, of which 3 are positive ancl 5 negative. 
While there are two and one-half tinles as nnliiy negative ns positive anomdies, we would not 
be justified in deciding that there is n defulite relation between the intrusive for~nst~ion and 
the gravity anomalies. Many additional stations would have to he est,ablishd on this for- 
nlatioll before any decision c:xn be cxi~ivecl at jll the matter. The nlertli of the 1916 anonlali6s 
is slightly snider than that of the 1912 ttnoinalies and this nlay he an inclication that the new 
depth, 60 km., is nearer the truth than the olcler depth of 113.7 km. 

AXOMALIES ON EFFUSIVE TORMATIONS. 

On tllis fornlation there are eight stt~tiolls mid of the 1912 anomdies 2 are positfive .9:ilcl 6 
negative. Tlie mean wit11 regarcl to sign is - 0.005 dyne and withoutn regmcl bo sign it is 0.015 
dyne. The largest anom:dy is only 0.028 dyne. Of the 1916 ano~lldies 5 are positive, 2 negative, 
cll~cl1~ero. Then~ea~~swith~~dwitl~outregarcltosi~~are,reapec~tively, +0.010~11cl0.019dy~le. 

There seems to be no relation between this fornlation a.11~1 the anorn~.lies, but the indications 
a8re very slightly in f:xvor of the greater clepth of c.oml>ensation for the effusive areas. I t  would 
be of interest and value to have additionnl stations in mens covered bg this:formi~tioa. 

ANOPvIALIES ON UNCLASSIFIED FORMATIONS. 

These stations, as the clesignntion inlplies, could not be :usociated with m y  particular 
fornzations, a11d it is, not possible to draw any conclusions fro111 a study of their relations. 

Of the 36 unclassifie~l stations 1s have positive and only 8 negative 1912 anomalits. This. 
is what might be espectecl for the ~nean anon~aly with regarcl to sign of all the 219 statiolls is made 
practically zero (only -0.002 clyne) by the use of the 1912 fomu'la. A greater number of' 
stabions are in the Paleozdic, Cenozoic, Intlsusiv&, and Effusive fon~nations, which .tend to be 
negative, than in the pre-Camnbrian and Mesozoic fornintions, wlich tend to be positive, there- 
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fore to have the niean of all stations with regard to sign nearly zero there mould be a tendency 
for the unclassified stations to be positive. 

The 1916 rtnornalies, with depth of 60 knl., are practically the same ns tlzc 1918 anonlnlies 
with the depth of 113.7 km. 

An effort was made to learn whether under nny one forn~at~ion tho plus tinomalies occurrecl 
more frequently in proportion in one subdivisioli than in others. No such relationship between 
the sign of the anonialy ind  the subdivision of a principal geological fornlation could be found. 
For instance, in the Quaternary division of the Cenozoic there are 11 stations with posit i~e 
and 19 wit,h negative anomdies, or 37 per cent positive. In  the whole Cenozoic fonnat.ion 
there are 33 positive and 32 negative anomdies, the positive anonlalies being 41 per cent of 
all. Like results were obtained from other tests. I t  appears then tmhat the sign of the monidy 
is in some way connected with a large geologic division as a whole and not wit.11 one of its sub- 
divisions. 

RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION AT STATIONS 
IN THE UNITED STATES NOT WITH-N 23 MILES OF ANOTHER FOBXATION. 

In  making the sturly of the relation betwcen' th2 gravity nno~l~nlies t~nd the geological 
fornlntion those stations \vlGch were not within 20 miles of other fornlations were separated 
and the data tabuililtecl. These st.ations .and their anomalies are shown in the follo\ving tables. 
The results are practically t,he sanle as when a.U stations on n fornlntion are considereel. For 
instance, for the Cenozoic sti~,tioils 65 per cent we negative, while for 'all stations in that for- 
mation 59 per cent are aegntive. Tile nlertn with regard to sign is - 0.010 clyne for the Ccnozoic 
stations in the table below, wl-l?ilc i t  is -0.007 for all stnt8ions in this forn~ntion. (See tn.tAe. 
on p. 72.) A sinlilar conclition esists for the other formations. ' The EiCusi~e t~ilcl Intrusive 
formations have so few stations wliich are not close to other formations that dntn for thenz are 
not ,given. 

The t-able given below also contZains data for 19 Cenozoic stations not on the coast ancl nclt. 
w i t h  30 miles of ally other funllntion. If the two Seattle stat.ions.nre c.ouulted as one, the ineall 
with regard to sign is -0.009, wllile without the Seattle valnc the mea.n is -0.004. As the 
effect of the coast is not present, these meall values show a decidecl rzlntion between the onom- 
dies and the Cenozoic fonllation. 

Hayjcrd anonmlies for stotit~?u in the United States on spe~li.ed.f:ralnt.ic?ls nnd nr;t .~c:it l~il i  90 milcs rf i Ihu j;.rn~ol.ioris. 

Fonuation and station . 
ilumher 

M x m h r i a n  formations: 
57.. .................. 
sa. ................... 
107.. ................. 
185.. ................. 
I91 ................... 

Pale~zoic formation: 
la ................... 
14.. .................. 
20.. .........-........ 
32 .................... 
33.. .................. 
34. ................... 
35. ................... 
36 ......... .:. ........ 
57.. .................. 
88. 

I 
.................. 

$9.. .................. 
59.. .................. 
m.. .................. 
fa.. .................. 
74.. .................. 
08.. .................. 
88. ................ ... 
a. ................... 
101.. ................. 
lo&. .................. 

Hsyford auo~nnly 
' Formation and station 

number 

Pdenzoic 591m?tion4on. 
i0 .011  105 ................... ................... + .026 1% ................... ................... ................... 

123 ................... 
+.@R 
+ .010 - .0?3 - .m 
- .019 - .009 - .OOi - .005 
-.Go5 
- -016  + a019 - .029 

- .010 
-.020 
-.a52 + .040 . - .W 

H3yf:,rd n:lom3ly 

19LP / 191. 

-0.021 - .013 - .ODs + .GO? + .Dl1 

- .M3 
- . = o  
- . ~ 7  

. -  .a34 - .013 

+ .M)1 - .01R + .011 + .010 

I ~*aytor~  a:~ornnlg 
Forlnation and ststion . 

number 1 l a 2  1 1111 

Pal@ z-.iciorrn3rim--C>n. I-- 
176 ................... 
1 ................... 
l iS ................... 
179 ..:. .............. . 

... 
+.W3S 
+ .0?2 - .DB - .m 
- .019 - .010 - .OW - .. 
-.w7 
- .018 + .015 - a 5  

- .013 
- .019  
-.a51 + .@I5 - .024 

--- 

- .OOS + ,002 + .Dl? 

- .MI 
-.w., 
- .0?7  
, - .011 

+ .00? - .Oli + .012 + ,016 - .016 

+ .Ol$ 

- - 
+ .013 
+.@I0 
-.a30 - .034 - .033 

1Y1 ................... 

I S . . . . . .  ............. 
........... I s . . . . . . . .  

................ I%... 
'04..... .............. 

20i ................... 
303 ................... 
211 ................... 

133 .................... ................... 1% .................... 135 
136 ................... 
137 ................... 
138 ................... 
139 ................... 
140 ................... 
141 ................... 
143 ................... 
153 ................... 
155 ................... ................... 
1168 ................... 
169 ................... 
170 ................... 
171 ................... 
l i 2  .................... 
174 ................... 

-." 
-.O?i 
i .0.-6 - .IE6 

- .ru39 
- .00S - .023 

- ."I 
-'.O"S + .WS - .m 

- . 0 1  - .OW - .022 

; ::: 
- .m - .ole - .007 
- .021  

+ .013 
+.OX - 

+ .ol). 
+.OW - .El + .031 
- .013 

+ .GO& 
+.00? 
+.a% 

Mesozoic formation: I a. . . . . . . . . . . . . . . .  0 . m .  

46 .................... 
47..- ................. 
62 .................... 
50.. .................. 
73 .................... 
76 .................... 
77 .................... 

f .012 
+.@* - .O?F, + .ma 
- .001  

+ -004 

+.ow - .027 - .030 94 .017 1 - .017 .................... 
10s ................... ( 1 .OM) I - .~xJ$ 
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Eayford anonaal.ies for stations 6, the Unitcd States on specified fort~tations and not within 20 miles rf othm f;.rntuticns- 
Continued. 

SUMMARY. 

o With Beattle stations omitted. b With the two Seattle ststions counted as cue. 

-- 

Formation and station 
number 

Cenozoic formntion. sw3r 
from c ~ ~ ~ t - c ~ n t i ~ ~ e d .  

93 .................... 
95 ................ ;. .. 
97 .................... 
99 .................... 
112 ................... 
142 ................... 
144. .................. 
145 ................... 
158 ................... 
160 ................... 
I&? ................... 
167 ................... 
168 ................... 
190.. ...... .:. ........ 
215 ................... 

Effusive and intrusix-s 
form3tio11s: 

50 .................... 
51 .................... 
52 .................... 
111 ................... 
113 ................... 

Formation and station 
number 

Mesozoic formation-4on. 
A18 ................... 
IS6 ................... 
1% ................... 
IS9 ................... 
193 ................... 
202... ................ 

Cenozoic formstion: 
I... .................. 
2 ..................... 
3 ..................... 
4 ..................... 
5 ..................... 
6 ..................... 
7 ..................... 
S... .................. 
9 ................. 
li .................... 
1s .................... 
g)............ ........ 
66 .................... 
SO .................... 

S3 .................... 
90 .................... 
92 .................... 
9 .................... 

Geologic formation 

Precambrian .......................................................... 
Palazoiu.. .............................................................. 
Mesozoic. .............................................................. 
Cenozoic.. ............................................................. 
Cenozoica ............ .. ......................................... 
Cenozoic away iromcoast b .  ........................................... 
~enozoic:awsy fromcosst ............................................ 
Eflusiveand intrusive .................................................. 

1 

Haylord anomsly Hayford anomaly 

95.. ............... .- 

Formation and station 
number 

Cenozoic formation--Con. 
.................. 9i.. 

$9 .................... 
112 ................... 
125 ................... 
1% ................... 
127 ................... 
142 ................... 
141.. ................. 
145 ................... 
15; .................... 
1% ................... 
1 9 . .  . . . . . . .  
160 ................... 
181 ................... 
163 ................... 
la ................... 
165 ................... 
16s ................... 
190 ................... 
215 ................... 
21i ................... 

Cenozoicformstion, nway 
from coast: 

6.: ................... 
9... .................. 
53 ................. %I-- 

................. 

1912 
-- 

-0.044 + .Gill 
- .012 
- .Ole + .W3 

+ .Ol1 
- .GO6 
+ .014 
- .017 - .014 

+ ,003 - .012 
+ .013 + .Wi - .029 

- .W? 
+ .W21 
- .001 - .02S - .02i 

Hayford anomaly 

1912 

+0.011 + .012 + .015 + .032 + .NO + .M1 

+ .005 + .01S + .010 
.OOO - .013 

+ .Ole - .W9 + .037 
- 0 - .021 

- .021 
- 
- .OM - .013 

-.m - .nrS + .010 
- 4 

Numher of stations 

1916 

-0.042 
- .003 
- '013 - .0l3 + .O% 

+ .OW 
- .00j + .Ole - .010 
- .OW 

+ .OM 
- ,012 
+ .012 + .015 - .m 

+ .O17 + .US + ,015 
- ,1119 
- .030 

1912 
.- 

-0.012 - .018 
+ .033 - .0?3 - .022 

- .014 + .011 - .OW + .014 - . a 6  

- . O l i  - 0 - .014 - .0"1 
+ .OW2 

- ,014 - ,012 
+ .013 + .Oli - 2 9  - .010 

+ . O l G  - ,020 
- ,n03 
- .001j 

191d 

+ 0 . 0 ~  + .OW + .014 + .KO + .O?S + .024 

+ .015 + .Wi  + . 0 l i  
+.OOI - .010 

+ .017 - .OM 
+ .020 - .W2? - . O l e  

- .WS 
- 'loo 
- 9 - .010 

--.OM 
- .M9 + .015 
- .012 

Mean anomaly 

1916 
- 

-0.013 - ,013 + .029 - .OlS - .OlG 

- .00i + .01l9 - .005 
+ .016 - .026 

- .010 
+ .OOi 
- .00S 
- ,016 + ,005 

- .O10 
- ,012 + ,012 + .015' - .W23 - .U06 

+.017 - .W?2 
- 
- .005 

With plus 
anomalies 

m... + .W 

tosign. 

1912 

5 
1S 
12 
13 
13 
S 
s 
1 

- . a 2  1 

- 

All 

5 
5i 
16 
40 
39 
19 
1s 
5 

With minus 
m~omdies 

1912 

+0.0?2 
- .no9 + .011 - .010 - .OM - .W - .OW - .GO7 

Witbout reprd to 
sign 

l9lli 

5 
17 
11 
14 
12 - 

1912 

o 
39 

4 
26 
25 
11 
10 
4 

1916 

+0.023 - .00q + .010 - .007 
-. .005 - .OOS - .003 + .001 

1912 
--- 

0.022 
.03J 
-01s 
.019 
.Oli 
.W0 
.016 
.Ole 

1916 
------ 

o 
39 

4 
26 
25 
12 
11 
2 

1916 

0.W2 
.0?0 
.017 
.nlS 
.016 
.U19 
.n14 
.024 
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RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION FOR STATIONS 
IN CANADA. 

There are 42 stations in Canada for which the principal facts are given in the table on page 54. 
The stations with their rrtllon1alie.s (Hrtyford, 1912) arrangeel according to the geologic fonnations 
are given in the following table: 

C!anadiaa stations and Hay ford anomalies for speciiJied.fomatwns. 

SUMMARY. 

Formation end station 
numher 

PreCambrian form* 
tions: 
?... ................ 
................... 4 
5 .  . . . . . . .  
0 ................... 
10 ................... 
11 ................... 
13 ................... 
14. .................. 
15 ................... 
2 ................... 
W... ................ 
s ................... 
41.. ................. 

I t  is a fact, worthy of careful ~onsiclernt~ion that the n1en.n without regard to sign for the, 
Canaclian stations is only 0.013 dyne \vllile for the stations in the Uniteel Stat,es the nlenll is: 
0.019 dyne. Thers a.re only tluee stations (7 per cent of all! in Canada wit11 :tnomalies greater 
than 0.030 clyne? while in the United States there are 40 stations (18 per cent of all) with nnonl-. 
a.lies greater than that nmount. 

The nlean with regarc1 to sign for the Canadian anonlalies is -0.009 dyne, wllile in tshe 
United States it is -0.003 clyne. The anonlalies are computed wit11 the 1912 formula with 
the depth of 113.7 km., so they are comparable with the 1912 anonlalies in the U~litecl States.. 
The writer can see no cause for the n1ea.n with regarc1 too sign being SO fax from that of the. 
Unitecl States. Nor can he see any reason why the nlean without regard to sign for Canadiaii 
stations is so much smaller than for the stations in ttl1e 'CTnited States. The 1a.tter is an iadi- 
cation that the area covered by the C!snadinn stations is nlore nearly in a state of perfect isostasy 
locally. 

The mean with regarcl to sign for the stations in the pre-Cambrian folnlation is -0.012,. 
whicll is only 0.003 from the n1ea.n of d l?  ancl for the Paleozoic ancl Cenozoic fornlations the 
illenns cliff er only 0.001 dyne from the mean of all. The mean without regard to sign for the three. 
Mesozoic stations is - 0.001 dyne, which is 0.008 from the mean of all, but this has little siglli6- 
came as there are so few stations. 

The conclusion must be dra\va that there is 110 apparent relation between the geologia 
formation sncl the gravity anomalies at stations in Canads. 

z:2i! 
1919 

-O.W, 
+ . m  - .an9 - .011 

+ .mi 
- .005 
- .OW 

- .OM - .016 

-- 

- 

Geological formation 

Pre-Cnmhrian ............................................................................. 
Paleozoic ................................................................................. 

................................................................................. Mesozoic 
Cenozoic .......................... .... .................................................. 
Ullclnssified ............. ....... ......................................................... 

-411 stations.. ...................................................................... 
-- 

Hayford 
anomaly 
1912 

-0.010 
-.o?$ + .001 - .a30 - .003 
- 2 + .GO4 - 5 + .OM + .011 
+ .MI 

-- 
Number of sl ations 

----- 
13 6 7 -0.012 0.016. 
18 . 5 
3 1 3 
2 0 
6 

42 .013 
' - 

Formation and st&& 
number 

Unclasslfiecl:. 
23 .................. 
24.. ................ 
.................. 2G 

3 k  ................ 
3% ................. 
40 .................. 

-- 

-yford 

";9ey 
-- 

-0.008 - -020 - .m 
+ .007 - .m - .OOS 

+ .00? 97.. ................. 

Formation and statioll 
number 

Formalion and ststion 
number 

- .011 

EzE$ 
1912 

Psleazoic formation: 
I... ................ 
3... ................ ................... 0 
7... ................ 
S... .....:.......... 
12.. ................. 
1B ................... 
17 ................... 
1s ................... 
19 ................... 
90 ................... 
21.. ................ 
................... 

-0.016 - -012 
-.w5 + .011 + .006 

Palebmic lormation- 
Continuetl. 
3.. ................ 
.................. 3 

31.. ................ 
37.. ................ 

39.. ................ 
................. 
............... 

............... 
42 ................. 



INVESTIGATIONS OF G R ~ V I ~  AND ISOSTASY. 8 1 

RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION FOR STATIONS 
IN INDIA. 

In  the table below the stations in India are arranged in groups according to the geologic: 
fornlation. In  order to decide on what fornlations the stations are located, they were plotted 
on a geologic map in the 1890 report of the Geological Survey of India. (See p. 70). 

Indian etatima and Hay ford anomalies for speeijed formations. 

Formation and statim number Formation and station number. Formation and station number 

Pre-Cambrian formations: 
42 .............................. 
43 ...................... ........ 
82 ...................... ........ 
84 .............................. 
91 .............................. 
gp .............................. 
95 .... : ......................... 
lo8 ............................. 

Paleozoic formation: 
13 .............................. 
20. ............................. 
a. ............................... 
59 .............................. 
88 ..... ....................... . 1m ............................. 

Mesozoic formation: 
107 ............................. 

Cenozoic formation: 
1 ............................... 
2 ............................... 
3 ............................... 
6 ............................... 

- 

The anonlalies are based upon the United States Coast and Geodetic Survey fornlulit of 
1912, and hence are comprmible with the 1912 anomalies in Canada and in the United States. 
The mean with regard to sign is - 0.004, and this differs only 0.003 fro111 the mean in the 
United States, which is - 0;003 dyne. 

If the latest value of gravity for the base station, Dehra Dun, 979.065 dynes, had been 
used instead of 979.063 dynes, (see p. 55), the observed values in India vould each be greater 
by 0.008 dyne. Then the mean with regard to sign would be -0.002, the same as for the 
United States. 

There are 8 stations in pre-Cambrian formations in India, of which 6 have positive anonlalies 
and 2 negative anomalies. The two stations, Nos. 94 and 108, with negative anomalies, which 
are quite large, and one station, No. S2, with a rather snlall positive anomaly, are in the extreme 
southern part of the Indian Peninsula on a very extensive area of pre-Cambrian formation. The 
wide extent of this aren would probably prevent the existence of large positive anomalies 
(see p. 72) in spite of the density, greater than normal, of the surface and subsurface rocks, but 
there must be in addition some unusual local deficiency in the underlying matter in order t o  

59387'-17-6 

- - 
Number of stations Xesn momaly 

Geological formatfon 
With TVt$ reerd With to Without regard to anOmslies anomsliei slgn sign 

-- 

-I +0.007 
+.033 + .008 + .001 
+ .OB - 0 %  + .M6 
-.W9 

+ .006 - .OM 

- .011 - .010 
+ .021 

+ .O22 

+.W9 - .014 + .001 - .036 

Pre-Cambrian ............................................................................ 
Pnleozoic ...................... .. ........................................................ 
Mesozoic ................................................................................. 
Cenw,oic ....................... .... .................................................... 
EBusive ................................................................................. 
UnrlassiEed .......................................................................... 

All stations.. ...................................................................... 

15 ..............................I - .OD 

Ccno~olc formation-Continued. 
16 ............................... 
22 ............................... 
26 ............................... 
29 ............................... 
30 ............................... 
32 ............................... 
35............................... ..................... 38 ..... 
40 ........................... ;--. 
44 ................. ....... : 
51 ............................... 
52 ............................... 
s. ......................... 
60 ............................... ............................... 66 

67 ............................... 
70 .................... .... ....... 
71 ............................... 
77 .................. ... ..... 
'18 ............................... 
............................... I 

89 ............................... 
93 ............................... 
96 .................... .... ....... 
100 ...................... ..... . 

SUXMARP. 

101 .............................. 

S 
6 
1 
31 
12 
15 

73 

I 

-0.OW 
-.W2 + .024 - .005 - .OQ3 

- .078 
+ + .030 - .Q28 - 0 1  

+ 031 If I - .W%i + .033 

- .013 - .W3 + .011 + .OW - .m 
- .os 
+.019 - .052 + .001 - .OFG 

2 
3 
0 
20 
3 
7 ----- 

35 

6 
2 
1 
11 
9 
8 

37 

- .a7 , 99. ............................... + .ole 

Effusive formation: 
5 ............................. ... 
8 ................................ 
14 ............................... 
17 ....................... .. ...... 
31 ............................... ............................... 45 
50 ............................... 
.................................. 
73............................... 
97............................... ................................ 98 ................... ..... 106 .... 

+a002 . OUO 
+.on - .017 
C.014 + .OCG 
- .004 

+0.019. 
+.M3. + .Ol8. + .066 + .012 + .W% 
+ .W9 - 'OD - .037 
+ 'OO3 + .029 - .Ol8 

0.02.E 
.Om 
.0?2 
.02? . O?? 
.014 

.(M3 

Unclassified: 
4 ................................ 
9 ................................ 
............................... 12 ............................... 18 

19 ..................... .......... 
24.............................- 
33....................-..... 
37.....................-....... 
39 ............................... 

............................. 41.. 
55.. ............................. 
72 ............. ..; ............... 
75 .................... ........ . 
87 ............................... 

+ .031 + .014 - .W + .017 
- 
- .Ix5 
+ -013 + .01z - .OOG 
-.OD9 - .OD3 + .M7 + .001 
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account for these large negative anomalies. Stations 94 and iO8 are only about 8 miles apart 
and should really be considered as only one station, as both must be affected by the same anonl& 
lous condition. The mean anonlaly at these two stations is - 0.048. If these two stations were 
considered as one, then there would be 6 prexambrian stations with positive anonlalies and only 
1 with negative anomrtiy and the mean with regard to sign for this group would be +0.009, 
which is of the same sign and about one-third the size of the corresponcling v,alue for United 
States pre-Cambrian stations. With the exception of the three stations, 82, 94, and 108; noted 
above, all the pre-Canlbrian stations are situated on less widely estended areas and have positive' 
anonlalies, but there is no striliing relation between the estent of the area and the magnitude of 
the anomaly escept perhaps at  station 43, Jubbulpore, which is on a very limited area of the 
formation. The nlap does not indicate the extent of the formation around station 95, San- 
daliphu. 

There seems to be no relation between the anomaly and the Paleozoic folmation, as the 
mean anonldy is nearly normal. This fact sh'oulcl not be given much consideration, as there are 
conlparatively few stations in this.formation. 

The Mesozoic fornlation has only one station, and'that can not be considered as representing 
any relation whatever. 

The Cenozoic fonnation ha23 42 per cent of all the stations and has the only negative lllean 
anomaly with regard to sign. Tlis mean anoinaly is - 0.017. I t  agrees in sign, but is 1lluc.11 
larger than the Cenozoic mean ano~naly with regard to sign in the United States, ~vliich is - 0.007 
dyne. All of the Indian Cenozoic stations are back fro111 the coast escept one, and i t  nlust be 
concluded that there is a very definite relation between the anomalies and the Cenozoic farina- 
tion. On page 76 the quevtion was discussed as to whether tlie Cenozoic fornlation or the 
p r o - e t y  to the open. coast was the cause of t,he negative anorlialies at  ~ a s t  stations.. The 
31 Cenozoic. anoinalies in India seem to prove that this fonnation is the main cause of the 
negative anomalies. 

Many of the Cenozoic stations in India are in areas to which great quantities of material 
have been carried from the Himalaya Mou~ltains. I t  is probable that the larger Cenozujic 
anomalies are above portions of the crust where the recent mate~ial is tllick and of 1i:nited 
horizontal extent. (See discussion under "pre-Crtllbriail anonialies," pp. 73 to 74.) 

I t  has been held by sonle geodesists in Indiaa that there is probably a rift in tlie earth's 
crust where the large negative anonlalies exist. The evidence at hand makes it possible to 
account for the anonlalies by the Cenozoic formation in the nffect.ed area. 

Of course, i t  is probable that in India, as in other countries, there are local, and in so:xe 
areas regional, departures from a state of perfect isostasy, hut as evidence in the for111 of gravity 

.stations acculnulates the tlieory of isostasy is given added strength. 
The effect of the change of depth from 113.7 knl. to 60 km. is discussed at some length on 

pages 97 to 112. It should be uotioed that the eflect 01 the cha~tge in the depth is slight, 
though in a few cases i t  is conlparatively large. The anomalies, not being materidy changed 
by a decided change in depth, are dependent upon solne other condition or conditions'in the 
earth's crust than an erroneous depth. 

The summaries on pages 72 and 81, which give evidence for stations in the United States 
and 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' fro111 
the nonnal density for strata in the upper crust, these abnormal densities being conlpensated 
for by a counterbalancing change in density occurring in the lower crust, possibly to the depth 
of compensation. 

RELATION BETWEEN THE GRAVITY ANOMALIES AND TEE GEOLOGIC FORMATION SHOWN 
GRpPHICALLY. 

In figure 17 there are sho\vn areas which have certain geologic fonllations at the surface 
of the earth. The outlines of the areas were copied from the geologic map of North America 
mentioned on page 70. The scale of this illustration is the same as for those which show the 

a Surrey of Indls, Profdollnl Paper N3.12, 011 the Origin of the Himalaya Mountsins, by Col. 8. 0. Burrsrd, p. 5. 
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gravity anomaly contours (figs. 11 t,o 14). The Cenozoic and Paleozoic areas are shown in 
yellow, which is also used on the anomaly maps to show the negative areas.. The pre-Cambrian 
and hlesozoic areas are shown in green, the color used to indicate positive areas on the anonldy 
illustrations. 

The largest contiiluous area is for the Paleozoic formation, and extends from eastern New 
Pork westward to Minnesota, southwestward to Tesas, and southm-ard to Alabaxa. There is 
practically no portion of this area wit11 any material other than that of the Paleozoic.' There 
is a striking sinlilarity between this Paleozoic area and the very extensive negative area which 
estends fro111 New England westward to Iowa and Missouri, as shown in figure 11, which shows 
he Hayford ,1912 anomalies. A .break in this nenative area occurs in Michigan, Ohio, nnd 

? 
Indiana, where there are four stations \vit,h positive anomdies; but their size is small, the 
masimum anomaly being only +0.013 dyne. %'ithi11 this large Paleozoic area there are 53 
stations with negative anc~rilalies and only 23 with positive anomalies. 

Along the Atlantic coast from New Pork City southward and along all of the Gulf coast 
the geologic forination is Cenozoic, except for a small break on the c.oast of South Carolina. 
Figure 17 gives tlle li~nits of the cottstsal areas belonging to this fornlation (shown in yellow). 
A comprtrison with figure 11 sho\vs that there is some sinlilarity between the negative areas nnd 
tlie C!enozoic areas near the coast. They agree Inore 'losely very near the coast. 

There is an estensi~e area in Minnesota, Soutll Dakota, and North Dakota within whicll 
the geology is largely pre-C;t'.nbrian ancl Mesozoic. Tllere is a second pre-Cmnbrian and BIeso- 
zoic nrea in Montana and Wyonling. Between these two areas there is an nrea in ~vl~icll t.lie 
geology is largely Cenozoic. The gravity a~iomdy map (fig. 11) s l l o ~  that there are no aeg:l- 
tive ano~nalies within the linlits of the above three areas. Tliere are only t ~ ~ o  stations in tlie 
int,ervening Cenozoic area, horn-ever. I t  is worthy of note t-hat there is a narrow estension of 
the first-nlentioned pre-Cambrian and Mesozoic area southward into Nebraska and Icansas, and 
that a positive area in figure 11 coincides approsi:l?ately with this estension. 

A narrow strip of nearly all Cenozoic fornlntion estends south\vard from South Dakota to 
Tesas and New Ivlexico. A band of negative area in figure 11 partly coincides with this Ceno- 
zoic region. If nlore stations were established within the two areas., they ~voulil possib!jr 
coincide more nearly. 

In  western and cenkal Texas there is an area nlostly of Mesozoic formation. Figure 11 
shows only three stations within tslle area, and two are positive. The other station, at  Austin, 
is negative, but is very close to the border of the area under consideration. The contours are 
drawn in such a way ns t.0 make negative nearly one-half the area. 

A long strip of pre-Canlbria~trl or Mesozoic fornlation (including a few s;nall areas of other 
foimlations) extends fro111 the Hudson River southwestward along the A:>palrtclCan Mountains 
to dlabanln, thence northward in a very narrow band to western Icentucky. There is sonle 
silnilarity betwee.n this area and the areas of positive anomaly ~vl1ic.h cstend along tlie A4pp% 
lachian system fro111 New to Georgia and Alabanla. 

In  northern Michigan and Wisconsin and across tho international boundary there is an 
area of pre-Cambrian fornzstion in which all of the stations of the United States have positive 
anomalies. 

Thst portion of the Unit.ed States which has not been considered above has 110 extensive 
area, in which t,here is only ollc geologic formrttio~l or cornbinat.ions of pre-Cambrian and Mesozoic. 
or of Paleozoic and Cenozoic. I t  is interesting tao notme that in tho I-emainder of the United 
States, not colored in figure 17, the gravit.y cont.ours show t.hat there i re  no steep co~ltours 
except in t-he rici~lity of Seattle. The western part of the United States is largely negative, 
but the characteristics of the c.oat.ours would 110 doubt be changed greatly by the addition of 
new stations. 

We milst conch~de that the data contained in figures 11 and 17 substant,iat,e t-he evidence 
given in the'table on gages 71 and 73 that the pre-Cambrian and Ivlesozoic areas have in gelleral 
positive aiiomalies and t.hat the Paleozoic and Cenozoic areas haye a strong tendency to nega- 
tive anomalies. 
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RELATION BETWEEN THE GRAVITY ANOMALIES AND AREAS OF EROBION AND DEPOSITION. 

It has been shown that t-here is a rather definite relation between the gravity anomalies 
and certain geologic formations and that there is also a relation between the anomalies and 
the topography for coast stations. (See pp. 70 to 83 and also pp. 63 to 69.) I t  has been indi- 
cated that this relation at coast stations is due to the fact that along most of the coast the 
niat.erials, a t  least at  the surface, belong to the Cenozoic geologic formation. (See p. 76.) 

It is probably t.me that along the whole coast of the United States deposition of thematerial 
bas been taking place in recent geologic time. I'he natural assumption would be that t-his 
deposited material is an extra load on the eart.h's crust and that in consequence observed gravity 
should be in excess of the computed gravity. This, however, is not the case. An inspection 
of the gravity anomaly map, figure 11, shows that along the coasts obsertied gravity is, in 
general, less than the computed gravity. 

The logical conclusion from all available data seems to be that isostrtsy along the coasts 
is nearly perfect on the whole and that the computed gravity is too great because the materials 
in t.he upper crust are less t.llan normal. According t.o Barren the densities of Cenozoic matier 
vary from 2.40 to 2.50, whiie on an arersge the density for the whole land su~mface of the earth 
is about 2.67, .the value used in the computations in this volume. I t  seems probable t-hat as 
the materials are deposited along the coasts isostatic adjustment takes place and the pressure 
at  the depth of compensation is in general normal. I11 the interior of the country the areas 
covered by the Cenozoic foimation, which are likewise areas of recent deposition, are largely 
negative, as shown in figure 11. This is a conclition similar to that found along the coasts. 

The areas of recent erosion are greater tshan those of recent deposition. They are 
areas within which theoretically the gravity anomalies should be negat.ive, but there .appears 
to be no such relation. In  fact, the oldest formations which no doubt have been subjected to 
the greatest erosion are in general areus of positive anolllalies. This is shown by a comparison 
of figures 11 and 17, one of which shows the gravity anomalies and areas of negative and positive 
anomalies and the other limits of large areas of certain geologic formations. The pre-Cambrian 
formation whicll has been longest e-sposed to erosion is, in the United States, a formation in 
which the gravity anomalies have w, veiy strong tendency to be positive. 

I t  is probable that the positive anonlalies a t  stat.ions in the pre-Cambrian formation are 
due largely to the density greater t11an 2.67 in t.hc material above sea level and also to a density 
greater t5aa normal in the strata in the upper c.rust below sea level. (See pp. 72 and 81.) No 
assumption need be made in regard to vrrllat .is the ilornlal density of the materials in a strataurn 
a t  a certain depth below sea level. I t  is only the deviation from the normal with which we are 
concerned. 

The mountain regions have a number of stations above the general lerel. They are all 
included in areas which have been 'rind are now subject to erosion. There seems to be no relation 
between the ailomalies a~ id  Llle tcq>ogn~pl~y i r ~  these cases. 

In  India there is a broad belt of recent geologic mateiial running approximately east 
and west a t  the foot of the Himalaya Jslountains. a l e  stations oil this recent forma- 
tion, which no doubt is largely due to the deposition of nlateriltls eroded from the moun- 
tains, have in general negative anomalies. .It is impossible that the addition of materials 
could make the pressure less than normal on the suiface a t  the depth of compensation. We 
may therefore conclude that isostatic adjustment probably follows the deposition of materials 
and that the negative anomaly is probably due to t.he lighter materials h the upper crust. 
(See p. 82.) 

There seems to be no effect due to the melting of the ice cap on the size and sign of the 
gravity anomaly. This is evidenced by a study of figure 11. If isostasy were perfect at  
the beginning of the ice age and if the isostatic adjustmeilt kept pace with the accumulation 
of ice, there must have been an adj~zstment of :opposite sion upon the melting of the ice, for 

a !  
on an average the area that was covered by t.he sheet of ice is very ciose.to a state of equilib- 
rium now. 



a p t e r  V1.-REGIONAL VERSUS LOCAL DISTRIBUTION OF COMPENSATION. 

On pages 98 to 102 of Special Publication No. 10 there is a discussion of this subject based 
upon data for 41 stations in the United States and 4 stations not in this country. Similar data 
are now available for 124 stations in .the United States. 

The question to be considered is whether n topographic feature is compensated for by a 
deficiency of mass directly under it, or whether the topographic feature is compensated for by 
a deficiency.of mass distributed through a more extensive portion of the earth's crust than 
that directly beneath the feature. 

The theory of local compensation postulates that the deficiency of mass under any topo- 
grltpllic feature is uniforn~ly distributed in a colulnn axtending directly from the topographic 
feature vertically to a certain depth. In this discussion the depth is taken as 113.7 lun. This 
depth is the one used in making the reduction for topography and isostatic compensation. 

The theory of regional compensation postulates, on the other hand, that a individual 
topographic feature is compensated for by a deficiency of mass equal in amount to the topog- 
raphy, but of opposite sign, and that this deficiency is uniformly distributed from the surface 
to the depth of compensation, but has a horizontal estent greater than that. of the feature 
itself. 

The method of computing the data need not be given here, as the reader can learn of this 
by consulting pages 98 and 99 of Special Publication No. 10. 

The table foUowing gives the data for 134 stations in the United States. In column 
1 are given the number and name of the stations. The effect of topography and compen- 
sation computed on the theory of complete local isostasy is given for each station in the 
second column. In columni 3, 5, and 7 are given the effect of local compensation out to .the 
outer limip of zones K, M, and 0, respectively, while in colulllns 4, 6, and 8 are given the effect 
of compensation computed upon the theory that the compensation is uniformly distributed 
horizontally to the outer lirnitg of zones K, M, and 0, respectively. I n  column 9 are given 
the Hayford anomalies based on complete local compensation. These are what are called the 
1912 anomalies. (See p. 53.) They are computed by the 1912 Coast and Geodetic Survey 
fomule and upon the assumption that the depth of compensation is 113.7 km. In the last 
three colunlns are given the anomalies for the three methods of regional distribution of com- 
pensation with a depth of compensation of 113.7 km. 

CmpaFison betureen local and regha1 isostatic c o m p m a t h .  

Number and name of station 

I. Key West Wa.. .... .... . 
2. west pal&  each Fla ... 
3. Punta Qorda Fla: ....... 
4. ~polscbico la , '~~~  ... .. . . . . 
5. New Orleans, La- . . . . . . . . 
6 . R ~ ~ l l l ~ L ~ . - . - -  ........ 
7 QaYvcst~  ex ........... 
8' point Isal;e~  ax. .. . . .. . 
9:  ared do, T e i  -............ 

10. Austin, Tex. (State capl- 
td) . . - - - . - - - - - - -  ..... ... 

Effect of 
topog- 
",tiy 

rompn- 
satlon 

+a032 + .031 + .m + .015 + .ul3 

+.008 + 007 + :015 + .003 

- -003 

Effect of compensation within outer limit of- 

-- 

=am 

?* 

+ ~ . O M  + .018 + .010 
.m - .013 

+..016 - .ma + .0?7 - .020 

- .006 

Anomaly with regional corn- 
pensation within outer limit 
of- 

Zone 0 (lEf3.7 kzn.) Zone h (Uis km.) 
- 

Zone I< 

+o.OoS + .017 + .010 
.000 - .0l3 

+.017 - .oo9 + .027 
, - .01R 

- .008 

Iacal 
----------- 

+a010 + .007 
.000 + .001 
,000 

.M)O 

.WO + .m - ,009 

- -018 

Local 

0.000 
.000 
.000 
.000 
.000 

.a00 

.a00 

.OOO 
,000 

- -003 

Zone M (5S.S km.) 

Regional 

+0.021 + .009 
.000 + .001 
.a00 

-.Om 
.a00 + .OM - .Ul2 

- 0019 

Regional 

0 . m  + .001 
.000 
.m 
.m 

-.001 
.a10 
l - .Ox? 

- 0 0 3  

Local 

+0.001 + .003 
.000 
.000 
.a00 

.M)O 

.a00 

.WO - -004 

- ~ 0 0 9  

ZoneM 

+0.006 + .01U + .010 
.m - .013 

+.017 - .or9 + . o n  - .017 

Regional 

+a003 + .005 
.000 
.On0 
.000 

- . 0 0 l  
.mo 
.no0 - .007 

- .010 

Zone 0 

-0.003 + .016 + .n10 
.ooo - ,013 

+ .019  - .oog + .MI - .017 

- .007; - .@j7 



Comparison between local and regional isostatic eompensation-Continued . 
- - . . 

Nombr and name of station 

11 . Austln . Tex . ( u n l d t y )  . 
12 . McAlester, Okla .......... 
13. Little Rock . Ark ...... 
14 . , Tenn .......... 
15 . Atlanta, Ga .............. 
16 . McCormick 8 . C ......... 
17 . Charleston '8 . c .......... 
IS . neaurort k . c ........... 
19 . ~harlotdsville . ~a ........ 
20 . Deer Park, Md ........... 
21 . Wsahlngton . D . C . Coast 

~eodetic~urvey61~ice I. 
, 22 . Washington . D . C (Bmith- 

sonian Institution) ..... 
23 . Baltimore Md ........... 
24 . ~hiladelpliia, pa ......... 
25 . Princeton, N . J ........... 
?6 . Hoboken N . J ........... 
27 . New ~ o r k  N . Y ......... 
?8 . Worcester . Mass .... - ..... 
29 Boston Mass . . ............. 

Effect of 

tiFj 
compn- 
sat1011 

- 0 . ~ 1  + . 001 + . 001 + . w 6  + . 014 

+ . 012 + . 016 + . 038 + . 002 + . 041 

. + 004 

+ . 003 + . 006 + . 009 + . 013 

+ . 008 
+ . 011 
+ . 018 + 013 . 

30 Cambridge, Mass 

Haylord 
anomaly, 

1912 

.------ 

-0.010 
027 .. 

+ BO . 
+ (86 . .. 023 

+ 015 . 
021 .. .. "21 .. 013 + . 010 

I + . ~7 

+ . Oa8 .. 011 + . 022 .. 019 

+ . 024 
+ . m .. 0~ 
+ .ma 

Effect of compensation within outer limit of- Anomaly with regional corn 
pU~atl0n Within outer limit 
ol- 

. . --. -- --. .. . . ......... + 010 . 

Zone 0 

-0.008 
~ c 7  .. 

+ 0% . 
+ 026 . .. 
+ 01.3 . 

02 .. .. 03j: . . ( I ,  

+ . w1 

+ -041 

+ . n43 
(m7 .. 

+ . 0 3  
016 .. 

+ 038 . 
+ 025 . .. 021 

Zone K 

-0.01~ 
026 .. 

+ a 2  . 
+ m . .. 022 

+ 015 . 
1121 .. .. 021 .. 012 

+ . 012 

+ . 038 

+ . 040 .. 010 + . 023 .. 018 

+ . 024 + . o3a .. 019 
+ 005 . 

000 000 003 . G i l l  005 005 + 005 

................ 
32 N . Y ............. 
33 . Cleveland Ohio ........... 
31 . cineinnst; . ohlo .......... 
35 . Terre Haute, Ind ......... 
36 . Chicago I11 ............... 
37 . ~ a i l k d  W$ ............ 
38 . St . LOU& . Mo ............ 
39 . Knnsns Citr . ?do ........... 
40 . Ellswortl~,'I;ans .......... 
41 . Wallam Kans ............ 
42:Colorad~ ~prings . &lo 
43 . Pikes Peak . Colo ......... 
44 . Denver . Colo ............... 
45 . Glumison, Colo ........... 
46 . Grand Junction . Colo 
47 . Green River, Utah ........ 
I S  . Pbmant Valley Junction . 

Utah ................... 
49 . Snit Lake City, Utah 
50 . Grand Csnyon, Wyo ..... 
51 . NorrisGoyserBasi!~.Jl~po. 
52 . Lower Geyser Basm.Wro. 
53 . Seattle . Wash . (ulii- 

r-erslts) .................. 
54 . S m  Francisco Cal ........ 
55 . M O U ~ ~  ~ m l i o n ,  C& ..... 
58 . Seattle . Wash . (high 

school) .................... 
57 . Iron R~ver, Mich ...-..... 
58 . E:ly . Minn ................ 
59 . Pembina . N . Dak ......... 
60 . ~fltchell, S . Dak- ........... 
61 . sweetwater . Tex ......... 
62 . Iierrville Tex ............ 
63 . El Pas0 $ 0 ~  ............. 
64 . ~ w l e s ) ~ r i r  ............. 
65 . ~ u m a ,  Liz ................ 
66 Com ton Cal ............ 
67: C?old?Ield' ~ e v  ........... 
68 . yava i.'Arlz ............ 
69 . Granrr~anvon Ariz ......--. 
70 .  allu up, N . " A I ~ ~  .......... 
71 . h VOW N M ~ X  ....... 
72 ~ h a r n r & ' ~ ~ x  ........... 
73: Denison . $x ............... 
74 . Wnnea o h  . Minn ........ 
75 . Lead, BT)Dak ............. 
76 . Bismarck N . Dak .......... 
77 . ~insda le . '~ont  ............. . ........... 78 Sqdpoint, Idaho 
79 . Boise . Idaho .........-.... 
80 . AS&& omg ......-...... 

ZoneM 

-0.009 
-027 . 

+ 033 . 
+ 026 . .. ~1 

+ .ole 
2 . 

.. .. 012 
+ . 007 

+ .. 089 

+ . 041 .. m g  
+ . m .. 017 

+ . 025 + . 03 . -019 
+ 00g . 

Zone K (18.8 km .. ) Zone 0 (166.7 km.) 

Local 1 Reglons1 

+ 004 1% 

Zone M (58.8 km.) 

Local 

-0.003 .. 003 . 0a0 .. 004 .. 004 

.. 002 . 000 . ooo .. 0~r2 .. 013 

. M)O 

. 000 . 000 . 000 . 000 

. 000 . 000 .. 002 
000 . 

-0.OlS .. 017 .. @JS --. 017 .. 021 

.. 012 . oo0 
+ . 005 .. 020 
-- .OM 

1 .. 005 

.. 005 --. 005 --. 004 --. 005 

--. 005 .. 006 .. 012 
002 .. 

Local 

-0.009 .. 01u . .W2 .. 008 .. 011 

-- .OM . 000 . m .. 010 --. 029 

.. 001 

--. 001 --. 001 --. 001 --. 001 

.. 001 .. 001 .. 007 
000 . 

Regional ----- 
-0.003 .. 004 
-- .wz --. W4 --. 005 

--. 002 
.OW . ooo .. 018 --. 015 

. - - .  001 

--. 001 --. 001 --. 001 --. 001 

. 000 . 000 .. 003 

.OM 

-0.019 
017 .. 
014 .. 
017 .. . .OM 

ol5 .. 
+ w1 . 
+ . 017 .. 024 .. 035 

. .om 

.. 008 .. 009 

. -007 .. 008 

. .OM) .. 008 .. OI! 
003 .. 

+ . On5 
000 + . Oo3 

+ . 001 

+ . 007 + .. m3 + . 001 
WI 
004 

000 ...... 007 
+ . IS7 

015 
001 

....... ~1 
.043, 

+ . 0% ....... 0.11 
+ . 038 

+ . 031 
+ . O?S 

rn 
+ . 045 + . 120 

01s 
+ . 014 
+ . 0s 

.OM) 
006 

+ . m + . 013 
+ . 001 
+ . W8 

010 

.om + . 027 + . 034 
096 + . 014 

+ . 017 
+ . 007 

001 
:m + . 044 

005 
017 
044 --. 042 + . 008 

Regions! 

-0.010 --. 010 --. 005 --. 009 --. 013 

--. W7 . 000 . 000 --. 011 --. 028 

--. 003 

--. 003 --. 003 --. 003 --. 003 

--. 003 .. 002 .. 008 
001 --. 

. .OM .. 00.1 .. 004 --. 002 

.. 
-- .OM .. 001 .. 004 --. OOi  

.. 01s .. u.,G .. 0 2  .. 0'2G 
-. -041 

.. 0% .. 021 

.. MO --. 026 .. 011 

. . 040 . . M 9  

. m . 000 --. 012 

. 000 
-- .mi - . OOi  .. 004 .. 007 

.. 011 .. OOH --. 0?0 
-- .OM .. 001 

. m .. 030 .. 1330 .. 02s . .a 
--. (M6 .. 013 .. 004 .. ~1 
-- 

.. 008 .. 010 
-- ;014 --. 016 

MI0 

--. 005 --. 004 --. On4 --. 002 

--. 003 --. MI5 .. 002 
.. 005 --. 008 

.. 01s .. W6 --. 044 .. 028 --. 014 
--. 0% --. 024 

. .an --. 0% .. 042 

. . 042 

. . 041 

. oao . 000 --. 012 

. 000 .. 00s 
. -008 .. 004 .. 007 

.. 012 
... 010 --. 021 .. 020 .. 001 

.. 001 .. 030 .. 030 .. 0% .. 036 

-- -035 
. -013 .. 00; .. WJ 
-- .0,r 

.. 009 .. 012 .. 014 --. 018 
-000 

--. 011 .. 010 .. 010 .. 006 

.. 005 --. 012 . .oils .. 012 --. O?O 

.. 048 .. 084 .. 113 .. 0-6 .. 1 3 ,  

--. 082 .. 067 

.. 1 B  --. 075 .. 10s 

. . 104 

. . 103 

. .OM .. 002 
-- -017 

--. 002 .. 020 .. 019 .. 011 .. 018 

.. 0% .. 024 .. 054 .. 046 

. .OM 

.. . -074 .. OSO .. 079 .. 095 

--. 094 
. .el .. 010 .. 012 .. 064 

.. 024 --. 030 
-- :O45 --. 047 
-- -002 

--. 013 --. 010 --. 009 --. 007 

--. 007 -- .  1113 .. 0i .. 013 --. 021 

.. 04s .. 093 --. 100 .. as5 --. 129 

--. 099 --. 0i4 

. .loo --. OiS --. 108 

. . 105 

. . 104 

.. 004 .. 003 --. 009 

--. 004 --. 0?0 --. 021 --. 012 .. 019 

.. 029 .. 025 --. 055 
-- .MI --. cos 
-- .a .. 079 .. rn --. 080 --. 095 

--. 094 .. 031 .. 0as .. 013 --. 061 

--. 

.. 0 3  .. n19 .. 0:O .. 013 

.. 010 --. 0:'l .. 012 .. 1-129 --. 038 

.. as4 .. 165 --. 169 

. .is? .. 212 

..I56 .. 130 

.. 171 .. 137 .. 180 

. . 176 . . 17i 

. .om 
+ .or@ --. 018 

.. 020 .. 031 .. 033 .. 023 --. 035 

.. 0 1  .. 03s 
-- .INS .. 076 .. 012 

.. 014 .. 134 .. 137 .. 1% .. 163 

160 .. .. 0s5 .. 016 .. MZ --. 102 

.. 
-- --. --. -- . 058 -- -0117 

.0.1 9. 086 095 --. 051 --. 094 --. 108 --. 

226 .. .. 019 .. 019 .. 018 

.. 014 .. 020 .. 01.1 

.. ~j .. 041 

.. OR5 .. 164 - . I72 .. 169 .. 210 

- - . l i0  .. 150 

.. 159 --. 143 .. 166 

. . 163 . . 169 

.. ( ~ 3 8  
+ . 03.3 --. O(K( 

--. MR --. 024 .. 0% .. 025 --. 037 

--. 049 .. as2 --. 104 --. 069 .. 018 

.. 0% --. 141 .. 1% .. 137 - . 158 

--. 150 .. 0% --. 017 .. 0% --. 13% 

.. 047 

. 
+ . 029 + .002 + . W4 
-- -013 

. + . 033 + 006 + . 012 --. 010 

+ . 031 + .OM + . 010 --. Ol3 

0?3 .. .. 003 .. 019 .. 009 

. .no? .. (n5 .. 005 .. 018 
+ . 014 

.. 012 .. 007 
+ . 021 .. 016 
+ . wo 
+.O% .. 021 

+ . 004 + . 010 .. rn 
+ . 0?1 
. . 001 

.. 093 .. OZt --. M)3 

... 083 + . 0.38 + . 023 + . 018 + . MI1 

-- .@?a + . W1 + . 007 --. a50 + . m 
.. a50 --. 013 + . 001 .. 010 --. 013 

+ -003 + . 032 + . a05 + . 059 + . 052 

+. . 002 

. + -008 + 011 + -022 . -021 

. 

.. 003 .. 0?0 .. 008 

.. 005 .. MI4 . . -015 + . 015 

012 .. .. 008 
+ 00s . .. 007 + . 025 

+.W1 --. 014 

+ .mi + . 013 .. 001 

+ . 026 . 000 
.. 081 .. (m --. 011 

--. 091 + . 038 + .. 025 
+ .om + . 003 

--. 028 + . 032 + . UIlS --. 0S5 + . 011 
.. oa .. 009 + . On1 .. 009 
-- :013 

+ . 003 + . 032 + . 004 + . 060 + . 049 

+ . on4 

021 .. .. .. 019 .. 009 

, . oaa .. 004 .. 00.1 .. 015 + . 015 

.. 012 .. 007 + . 013 ... 014 
f . 023 
'4.028 --. 01% 

+ .om + . 012 --. 001 

+ . 033 + . 001 

.. 093 .. 023 --. 003 

--. 093 + . 039 + . 024 + . 019 + . 001 

--. 0% + . 034 + . 008 --. 050 + . 009 
.. 049 --. 013 + . 001 --. 008 --. 013 

+ -002 + . a31 + . W -+ . 060 + . 053 

+ . 003 

020 .. 
003 .. 
"0 .. 
006 .. 
oa3 .. .. 006 

' .. 003 .. 015 + 017 . 
-- . 011 .. 01% + 004 . 
+ . 001 + -018 

+.h?S 
001 .. 

.. 008 + 016 . --. 017 

+ . 008 . . 00B 
--. 075 .. W7 
-- -018 

--. 075 + 031 . + 019 . + . O?l + 003 . 
O?Q .. + . 025 + -013 --. 0.57 + . 015 

040 .. 
0% .. 
W7 .. --. 019 --. 020 

. -007 + . 033 + . O(H + . 081 + . 039 

+ . 005 



INVESTIGATIONS OF GRAVITY AKD ISOSTASY. 

Comparison bctureen local and regional isostatic compensation-Continued. 
~-~ ~ 

a Omitting Seattle stations. 

If we ignore the two Seattle stations, which seeEs to he justifiable on account of their 
escessively large anomalies (see p. 53), we have means with regard to sign, which are zero or 
0.001 dyne, for the four metl~ocls of horizontnl distribution of the compensation.. Also three 
of the methods have means without regard to sign of 0.018 dyne and one of them a mean 
of 0.019 dyne. These allomdies show that for the country taken as a whole, no one of the 
methods has an advantage over the others. 

It can be readily understood that for a station on a plateau of considerable horizontal 
extent the effect of compensation should be the same by the several methods, for the amount 
of compensation under any portion of the area near the station would be the same for each. 
If the country has varied topography, then the effect of compensation will be different for the 
different methods of distribution. For instance, in a valley with mountains on either side the 

Rayford 
m m a l ~ ,  

1912 - 

-0.010 + .013 - .006 

+ .037 + .001 

+ .006 + .021 - .010 - .C2U - .04S 

+ .M6 + .010 - . W1 
- .01i + .001 

- .052 - .012 + .021 - .016 - .017 

+ .WO + MI4 - .@9 - .@1 - .mi 
- .013 + .014 - .006 + .W? - .015 

- .02S + .033 - .027 - .C2Q - .009 

- .021 + .0311 + .015 + .Ol.i - .M18 
+ .Mn + .oi l  - .043 - .033 

- .002 

.om 

.OW 

.01S 

I 

Number and name of station 

81. sissan Ca1 ................ 
82. ~ o c k  kprinrs Wyo ....... 
83. Parton, ~ e b ;  ............ 
84. Washington. D. C. (Bu- 

reau ofstmdards) ...... 
85. North Hem, Vt ........... 
86. Lake Placid, N. Y... ..... 
87. Potsdam N Y ........... 
I. Wilson. k. Y.. ..... ...... 
89. Alpena. Mlch.. ........... 
90. Virginia Beach, Va ....... 
91. Durham N. C.. .......... 
92 Fernandha Fla .......... 
93' ~ i l m e r  A I L . .  .:........ 
9.1: ~licevilie. Ala ............ 
95. New Madrid, Mo. ........ 
96. Mena Ark ................ 
97. ~acoidorhes Te+ ........ 
9s. Alpine  ex-'. ..-.-....... 
99. Fnmei. T ~ X .  ......-...-- 

I&). Guymm, Olila. .......... 
101. Heleuwood, Tenn.. ...... 
102. Cl~~rlland, Tem. -. . -. - - -  
103. H u g h ~  Tenn. ........... 
104. ~harlesion, W. Vn ....... 
105. State College. Pa .... .... 
108. Fort Iient. Me ....----..-. 
107. Prentice. Wis ........ ..... 
1M. Ferps Falls. hiinn.. ..... 
109. Sheridan, TVyn ........... 
110. Boulder, Mont .......:.. . 
111. Skykomisli. Wash ........ 
112. Olympia. Wash .......... 
113. Hep er O?eg.. ......... 
114. ~r!c%e;~d .............. 
115. Wmnemucca, Ner ....... 
116. Ely N ~ v . . .  .............. 
117. ~ u e h r e  W -0 ........... 
11s. pierre. 2 ~ a h  ............ 
119 Fort Dodge IOM ........ 
120: ~eithshrg;111. .......... 
121. Grand Rapids, Mich ...... 

.............. 12. Angola. Ind 
1%. Albany. N. Y. ........... 
13. PortJervis, N. Y ......... 

Mep with regard to 
sign ................... 

Mpn without regard to 
sign ................... 

Effect of 
topw- 
:{iy 

sation 

+a015 - .On1 
+ .002 
+ .012 - .009 

+ .032 - .004 - .002 
.coo + .0% 

+ .Old + .017 
+ .OIY + .no8 + .001 

+ .015 + .Om + .033 + .011 - .001 

+ .015 + .I30 + .053 
- .n10 + .010 

+ .001 + .010 + .001 
- .031 
- .OW 

- .Mi  - .n13 
- .on7 + .06i - .OW 

+ .020 - .Ole 
- .013 
t - .om 
+ .om + .011 
- .006 + .no3 

, ..........I.. 

Mean with regarrl to 
s i w -  

Mean without regard to 
8lgIl a 

Anomaly with reglonal com- Effect of pensotion 
of- 

Zone K 

-aom + .oi l  - .OM 
+ .038 + .002 

. + .007 + .Ma - .008 - .Mi  - .085 

+ .038 + .010 - . ~ 3  - .ol6 
+ .003 

- .OM - .oin + .024 - .015 - .015 

+ .041 + .032 - .029 - .023 - . ~ 1 9  

- .012 + .O?5 - .W5 + .033 - .014 

- .OW + .n31 - .027 - . nS  - .OM 

- .Om + .US + .oi5 + .Oli - .om 
+ .On2 + .012 - .@I? - .n32 ------ 
- .mi 

. dl9 

+ .om 
.Ol8 

Zone K 

Local 

- 0 . m  - .W6 - .014 

.OW 

.OM 

- .011 - .002 
.Om - .004 
.000 

.000 

.OM 

.000 

.OM 

.000 

- .b04 
.m - .023 - 0 2  - .014 

- .na7 - 019 - .01S - .#a4 - .GUS 

- .002 - .(107 - .005 - ,0211 - .031 

- .014 
.OW - .010 - .C85 - .On 

- .03S - .on - .om - .W4 - .OM 
- .004 - .W - .001 - .om 

...... .. 

earnpamation within outer 

(1S.S km.) 

Regional 

- 0 . m  - .034 - .016 

- .001 - .001 

- .012 - .OM - .002 - .OM 
.WO 

- .002 
.000 - .001 - .on1 

- .002 

- .W6 - .NO - .025 - 1 - .016 

- .00S - - 017 - .01S - .in5 - .@I?'. 

- .003 - 
- .CM - .El - .032 

- .01S 
.NO - .010 - .W5 - .023 

- . W9 - .0?5 - .om - .a06 - .om 
- .004 - .005 - .OW - .UOP ------- 

withinouterlimlt limit of- 

Zone M 

Local 

-an% - .093 - .041 

- 
- .003 

- .024 - .00S - .033 - .0!0 
.000 

- .a04 
.000 - .mi - .w1 - .m1 

- .012 - .MI - .061 - .055 - .042 

- .020 - -039 - .03S 
. - .01? - .016 

- .006 - .019 - .011 - .063 
- .0i7 

- .M8 - .0:2 - .0?7 - .M.i - -083 

- .OM - .Ore - .021 - .011 - .om 
- .010 - . O i l  - .00S - .oil  

--.-------I 
............................................... , 

ZoneM 

- 0 . m  + .013 - .OM 

+ .m + .005 

+ .OW + .023 - .ON - .02a - .W 

+ . a 8  + .010 - .043 - .015 + .004 

- .051 - .of@ + .0?3 - .015 - .013 

+ .040 - .002 - . (133 - .0?1 - .019 

- .01b + .0?4 - .OIV + .Mi - .01S 

- .GZS + .a34 - .0?5 - .re2 - .OM 

- .M2 + .041 + .016 + .016 - .009 

+ .On1 + .o12 - .OJO - .(I31 

- .ooi 
.020 

+ .WI 
.018 

Zone 0 

Local 
----------- 

-a n96 - .If39 - .073 

- .005 - .012 

- .033 - .017 
. - .011 - .016 

.000 

- .CG 
.000 - .mi - .005 - .007 

- .020 - .005 - .OgS - .W6 - .077 

- .033 - . 0 S  - .05i - 7 - .a30 

- .016 - . a 3  - .O26 - .I30 - .I37 

- .05S - .014 - .O56 - .I29 . - .I16 

- .I59 , .I17 - .Ma - .0?6 - .016 

- .01S - .019 - .020 - .OM 

(59.8 km.) 

Regional 

-0.059 - .093 - .043 

- .OW - .007 

- .02l - .010 - .004 - 
.@I0 

- .006 
.000 - .002 - .nn3 - . ~ 4  

- .013 - .a14 - .063 - .056 - .048 
- .020 - . (I33 - .034 - .oi5 - .018 

- .009 - .019 - .015 - .077 - .074 

- .as - .om - .0% - .Mi  - .0& 

- .083 - .of37 - .m3 - .015 - .om 
- .@I9 - .012 - .011 - .013 

.................................................. 
............................................................ 

....................................................................................... 
........................................ 

Zone 0 

-a018 + .mi - .m 
+ .n41 
+ .0:15 

- .OM + .021 - .OM - .oh) - .050 

+ .033 + .om - . 0 ~  - .015 
+ .a15 

- .055 - .oi l  + .008 - .018 - .013 

+ .W7 - .011 - .m2 - .n16 - .ozi 
- .pi2 + .1,20 - .003 + ,030 - .013 

- .W9 + .oU 
- .0!6 - .n:.7 + .003 

- .n30 + .041; + .mo + .016 - .WS 

+ .0111 + .010 - .n3Y - .614 

- .om 
.020 

- .WI 

.019 

(160.7 km.) 

Regional 

- 0 . m  - .I77 - .Oi7 

- .009 - .016 

- .020 - .017 - .017 - .016 + .002 
- .010 + .001 - .002 - . ~ 7  - .011 

- .017 - .006 - .W5 
. - .a94 - .081 

- -030 - -053 - .041 - .035 - .OW 
- .017 - .o!B - .0?9 - .I18 - .I39 

- 1047 - .025 - .067 - .lW - .12S 

- -150 - .127 - . 0 4 ~  - .0?7 - .016 

- .017 - .01S - .0?5 - .019 
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effect of the compensation will be different if some of the compensation of the mountain masses 
is extended horizontally under the valley. 

The decision as to whether we have local or regional compensation must depend upon 
whether any one method has a general application to a set of stations which esist under the 
,same or similar conditions. For instance, if mountain stations have'smaller anomalies on an 
average, and if the mean of all these stations with regard to sign should be close to zero when 
reduced by a given method, then we should be justified in conclucling that this method is based 
upon more nearly correct assumptions than a method which gives larger mamalies and a larger 
mean with regard to sign. 

In  order to make the regional method of reduction logical, the compensation of each topo- 
.graphic feature should be computed separately to the limits of the zone having the topographic 
feature at  its center. The method of c.omputation actually adopted may give very erroneous 
results. For instance, let us assume that the compensation is distributed regionally within 
zone 0, with the station at its center. I t  may happen that the station is in a broad valley 
.or on a plain with mountains surrounding it at  a distance of about 167 b. None of the 
.compensation under the mountains would be talien into account in making the reductions, 
and the computed value of gravity would be too great. On the other hand, if the station were 
in the mountains, with valleys or plains just beyond the limits of zone 0, then none of the 
.compensation of the mountains would be distributed to the valleys or plains, and the computed 
value of gravity a t  the station would be too small. Therefore, in making the reductions by 
.the fegional method the compensation for each topographic feature sllould be ~Iistributed 
.separately before making the computations to obtain its effect. This, of course, would be 
.possible, but it would be such a laborious process that it mould not be practicable. 

RELATION OF LOCAL-COMPENSATION ANOMALIES AND REGIONAL-COMPENSATION ANOMALIES 
TO THE TOPOGRAPHY. 

The tables given in the following pages contain the anomalies computed by the local and 
the three regional methods, with the stations arranged according to the same topographic 
groupings as are shown on pages 63 to 67. 

For coast stations the mean anomalies with and without regard to sign are the same for 
local and for regional compensation through zones K and M. In  no case does a regional anomaly 
with compensation out through zones 6: and M differ more than 0.003 dyne from a local com- 
pensation anomaly. This is as one might expect, for the topography is low and the water 
within zone M is comparatively shallow, so the distribution of compensation regionally can have 
little influence.on the value of the effect of the con~pensation. 

The anomalies for regional to the outer limit of zone 0 have decidedly larger 
negative values than those for local compensation at San Francisco (No. 54), at Beaufort (No. ls), 

Local and regimLal anm~urlies at 18 mast statbna amlged  61 the order of their d i e t a m  fm the 1000-fathom line. 

Number and name of station 

26. Hohoken N. J ............. 
..... 66. Compton:csl. ..... . 

2. West Palm Bewh, Fla ..... .......... 3. Punts Gorda, Yla 
%. Boston, Mass ............... 

.......... 30. Cambridge Mass ............ 17. charleston'~. c 
7. ~alveston,'~ex ............ 

Mean withregard to sign. 
Mean without regard to ................. sign.. 

Number and name of ~tatlon. 

54  Ban Francisco Cal.. ....... ............. 18: Beau!ort N. d 
811. ~ s t o n a ,  breg. ............. ......... W. Virginia Bench, Va 
.%?. Fernandha, Fla.. .........' 

....... 1. Key West. Fla ..... . 
8. Pomt Isabel, Tex.. ........ ........... 5. New Orleans, La 
4. Apalaehlcola, Fla.. ........ 

97. New York,N. Y ........... 

~ ~ ~ f ~ ~ , j  
anomly, 

compen- 
satlon) 

-0.023 - .021 - .013 - -048 + .010 

+ . M)8 + .027 - .013 
.000 + .022 

Anomaly with regionaleom- 
ensat~on wlthin outer 

Emit of- 

Zone I 
--.-- 

-0.023 - .021 - ,013 - .04S + .010 

+ .ORq + .027 - .013 
.000 + .023 

ZoneM 

-0.022 - .021 - .NO - .O4S + .010 

+ .006 + .027 - .013 
.OD0 + ,023 

Zone 0 

-0 047 - :033 
. - .0?1 - .050 + .Om 
- .003 + .0?4 - .013 

.000 + .025 
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and at Astoria (No. 80), while at Key West (No. 1) the anomaly changes from + 0.008 to - 0.003. 
These decided differences are to be expected for a portion of the compensation under the water, 
which k of positive sign, is clistributed through the zone, ancl as the vertical conlponent of its 
attraction is greater for the regional clistribution tha.n for the local it increases the conlputed 
value of gravity at the station and lienc,e makes the anonlaly g-g, have a smaller positive or a 
larger negative value. 

The anomaly at Cornpton (No. 66) is changed' in the opposite direction. This is due to 
the clistribution of the compensation for the high land, which decremes the conlputecl value 
of the intensity of gravity at the station. 

Tlie liiean anomaly with regard to sign for regional compensation to the outer limit of 
zone 0 is -0.006, while the mean for local c.onipensation is -0.004. The means without 
regard to sign for these anomalies are, respectively, 0.020 and 0.018. The differinces are small 
but they do not favor distributioll of co~npensation regionally to the outer limit of zone 0. 

Tlie reason why the memi with regard to sign is negative for the Hayford anomalies at 
coast stations is discussed under the heading "Relation between the gravity anomalies and the 
geologic fonilation." (See p. 70.) 

The following table gives the local and regional anonlalies at stations near the copt, the 
stations being manged in the order of their distance from the open coast. These distances. 
are given in the table on page 64. 

Local and reg.ional ammulies at 55 stations mar the coast, arranged i n  the order of their clistances from the open coast. 

There are only t h e e  stet.ions at  which there are decided differences between the local and 
regional anomalies in the above table. These are Sisson (No. 81), where the change is 0.008, 
Yuma (No. 65), where i t  is 0.006, and.Kerrville (No. 62), where the change is also 0.006. 

As practically all of the 25 stations under consideration are in topography with little relief, 
one would expect the anomalies to be little changed by the different methods of making the 
reductions. The msan anomalies with and without regard to sign have a total range of only 
0.001. These stations, therefore, give no idormation as to whether one of the methods has any 
advantage over any other one. 

The following table gives the local and regional anomalies a t  39 stations in the interior 
which are not in mountainous regions. The stations aro arranged in the order of their elevation 
above sea level. Thcso elevations are given in the table on page 64. 

-- 
~ ~ ~ f o ~ n  Anomaly with re ioml corn- 
anomaly, p(nptiou ri%m outer 

1m1t 01- 
Eiumber and name of station 

1 3  Alhany N Y... .......... 
16 ~ c ~ o r n i i r i  S. C... ....... 
li Austin ~ 6 : .  (~apitol).  ...I 
11: Austin:  ex. (University). 
19. Charlottesville, Va. ....... 
32. Ithaca, N. Y .............. 
;$ Albicciil~~$; F... ......... -. ............. 
106. ~ o r t  ~ e d t  Me ............ 

6. ~ayv i l l e ,  La .............. ' 
Mean with regard to sign. 
Mean without regard to 

sign .............. ..... . 

- -- 

Number and name of station 

31. Cyais. Me. ........ .... .. 
25. Princeton, N. J ............ 
93. Wilmer. .9lo.. ......... ... 
13. Haltinlore. Md. ........... 
28. Worcester, Mass ........... 
24 Philadelphia Pa .......... 
l?i. port ~ervis, k .  Y .......... 
81. Sisson. Cal ................ 
21. Washington, D. C. (Coast 

& Geodetlc Survey Of- 
flco) ..................... 

2. Washington, ?. C. (Smith- 
sonlan Inst~tiltlon) ..... . 

84. W ~ h l n g h  D. C. (Du- 
reau of Sdndnrds) ...... 

91. Durham "l C ............. 
0.  ared do, +;, ............... 

65. Ynms Ana.. ............. 
97. ~acoghoches, TU_._ ...... 

~ ~ ~ f ~ ~ d  
anomaly, 

(;;:I 
compen- 
sation) 

-0.MS - .019 - .044 - .011 - .m 
+ .E? - .W3 - .010 
+ .0?7 
+ .039 

+ .W7 + .W6 - .W0 + .003 - -011 

Anomaly with rep lod  mm- 
ensation within outer 

Emit or- 

Zone 0 

-0.008 - .01G - .043 - .007 - .0?1 
+ . E 5  - .M4 - .01S 
+ .Oll 
+ .M3 

+ .011 + .038 - .0?0 + 015 

Zone I i  
----- 

-O.m - .01S - .n13 - .010 - .019 
+ .W3 - .W3 - .OM 

+ .M8 
+ .M0 
+ .MS + .MS - ,820 
+,.W - i o  ( 

ZoneM 

-0.007 - .017 - .a1 - .1103 - .019 
+ .0?3 - -031 - ,009 

+ .039 

+ .041 

+ .W9 + .03S - .019 + .011 - . ORI - .W 
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Loml and wghul a m l i e s  at $9 stations i n  the interior, and not i n  nwuntainoua regions, arranged i n  the order of elevation. 

The differences between the anomalies for tho locnj and for the regional con~pensatio~l to 
the outer limits of zones B and hl arct very small, there being only two as great, tis 0.004 and 
.only five others as great as 0.003. 

The differences betwccn the anomalies for local compensation and for regional compensat.ion 
to the outer limit of zone 0 are o111y slightly larger, the.nlasirnunl differen,ce being 0.009. 

As with the statmiions back from the coast, the differcnccs bet.ween t-he local and regional 
anomalies may be expected to be small, for the topogrctphy in the vicinity of these stat.ions is 
.fairly level. 

The means without regard to sign for the different nlethods are practically the same, n-hilo 
.the means witah regard t.o sign differ only slightly. I t  must be co~lsidercd that there is no cvi- 
.dence here in favor of either method, although the slight differences in the means with regard to 
sign favor the. local distribution. 

There are 22 stutio~is in the United ' ~ t~a t e s  in mountainous regio~ls and below the general 
level, the anon~rtlies for whkh by the local and regional nmet8hocls of distribution of compenss- 
tion are givcn in the following table. Thc elevations of the station3 nnd tl-le distances of t.he 
sttlt.ions below the general elevzition are given in the table on page 66. 
La,? andreg.iona1 anomalies at 22 statio~ur i n  mountainous regions and below the g t n m l  kvel, nrmnged i n  the order of their 

distances below the general level. 

Number and name of station 

95 New Madrid Mo .......... I: Wilson N. 9 ............. 
13 ~ i t t l e d o c k  Ark .......... 
87: Potsdam d. Y ........... 
35. ~ e r r e  ~ i u t e ,  1nd .......... 
38. S t  Louis Mo ............. 

:lm. ~ i t h ~ b u ; ~ , 1 1 1  ....... ..... 
89 A1 ena Mlch ............. 
36: ~h%agd  Ill ...... ; ........ 

: 1 ~ .  ~harlesion, W . V ~  ........ 
14. Columbis,Tenn .......... 
33. Cleveland Ohio ........... 
73. Denison, +ex.. ........... 

121 Grand Rapids Mich.. .... 
12: Mc~lester, 0kia  .......... 
59. Pembina N. Dak ......... 
-34. ~ ipe innah .  0hi9 ...... .... 
74' Mmeapolfs Mmn ........ 
,371 ~ad i son .Wk.  ............ ......... 39. KansasClty, Mo. 

Number and name of station 

FIayford 
anomaly, 

1912 
flocal 

compen- 
sation) 

&yfod 
anomaly, 

eompen- 
sation) 

+0.001 - .010 + .030 + .021 - .OW 
- .005 

~ - - 

70. Gallup N. Mex. .......... 
........ lai. State ~!ollese. Pa.. 

67. Goldfield Nev ............ .......... 85. North H&O. Vt. 
63. El Paw, Tax .............. 

-- 
112. 011 

........... 110. Bduluer wluub .  
.... 111. skykomhh Wash. ..: ......... 117. Gwllsey, <vyo.. 

11.5. IYinnenmucca Nev ....... ............ 109. Sheridan wyd  
82. Rock S~;~U$S. Wyo. ...... 
45. G~~nnison Lolo.. ......... 
42. Colorado &pings, Colo.. ..I 

Anomaly with redonal com- 
ensation within outer 

Emit 01- 

zone G I zone M 1 zone o 

Anomaly with regional wm- 
ensstlm wlthin outer 

imit ol- r .  
Number 

1 

! Hayford 

+0.005 - .004 + .036 + .0?1 - .OW 
- .003 

----- 
+0.003 - .W + .033 + .O?2 - .OM) 

- .004 

zone K I zone. I zono o (1 

Number and n*e of station. 

lB. Angola. Ind ............... 
15. Atlanta, Ca ............... 

119 Fort Dodge Iowa ......... 
10s: Fergus ~ a l l ; , ~ i n n  ........ 
96. Mena, Ark ................ 
60 Mltchell I. Dak .......... 

Mean with regard tosign. 
Mean wlthout regard to 

s i p .  .................... 

5s' Ely ~ d n  ................ 
118: pie& S. Dak.. ........... 
57. 1ron diver. M~ch .......... 
10. Ellsworth, Gans .......... 

107. ~ ~ e n t l s s ,  ~k ............. 
76. B~smarck N. Dak. ....... 
61. ~weetwstkr, T ~ X  .......... 
77. Hinsdale Mont ........... 
73. shamrock, Tes  ........... 
83. Paxton,Nebr ......... .... 

100. Gu mon Okla ............ 
41. ~ a ~ l a c e . k a n s  ............ 
99. Farwel1,Ter ............... 

Anomaly with regionalcom- 
ensation within outer 

Emit of- 

- .OM - .Om - .006 - .016 

+ .028 - .003 + .004 + .OX - .027 

+ .MI - .Om + .061 - .@Xi 

+0.004 - .009 + .033 + .0?3 - .008 

- .OW 

49. S d t  Lake ritg, Utah ..... 
44. 1)enver. C'olo 

... 

anomaly, 

compen- 
sation) 

+0.011 - .0?3 + .015 - .O(kl - .&2 

+ .001 + .M3 + -014 + .035 + .Old 

+ .M4 + .002 - .0?9 + .029 
+ .033 - .006 - .017 - .012 - .016 

- . 0 7  - -022 - .OM - .0?1 

+ .O2R - .003 + .001 + .Oll3 - .03i 

+ .0?0 - .O2O + .OW - .004 - .016 

- .00S - .007 - .ON / - .021 - .M)7 - .aXS 

46. Grand Junrtion. Colo.. .. ........ 4 i .  Green River, Utah 

Zone 0 

+0.010 - .Ma 
+ .016 - .om - .055 

+ .OM + .mi 
+ .om 

1 + .031 + .017 

+ .Oa0 + .006 - .029 
+ .038 
+ .m 
- .OM - .01a - .011 - .018 

Zone K 1 Zone M 
--I-- 

-f .025 + .o15 + .039 + .015 

+ .025 + .003 - .028 + .mi 
+ .mi 
- .m - .015 - .012 - .015 ---- - .015 

- .024 
+ .026 - .OX + .OM + .002 - 
+ .019 - .019 + .059 - .005 

Mean with regard to 
sw ................... 

Mean without regnrd to 
sign. 

I- .................. 

+ .003 

.017 

+0.012 - .022 + .Oli - .005 - .050 

+ .002 + .M6 
+ .oi6 
+ 038 + 1015 

+ .M4 + .004 - .o% 
+ .m 
+ .m 
- .004 - .013 - .012 - .015 

- - 2 3  

+ .O!B - .W3 + . OD5 + .003 - 
+ .019 - .019 + .NO - .004 

Anomaly with reuional corn- 
ensatim within outer 

Emit of-, 

+0.013 - .021 + .016 - .005 - .051 

+ .m 

+ .Om 
.Ol8 

+ .001 

llli 

Zone Ii Zone11 Zone 0 I I 

+ . Wd 
.Ol8 
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The anomalies for the regional conlpensation to the outer limits of zones K and M are only 
slightly different from the anomalies for localcompensation and the means with regard to sign show 
only a slight advantage for the local compensation method. The means without regard to sign 
for the three sets of anomalies are practically the same. But for regional conlpensation to the 
out4er limit of zone 0, there are four anomalies which are larger than the nlaximun~ anomaly for 
local compensation, 0.036. While the average anonlaly without regard to sign is nearly the same 
for the two methods, the mean with regard to sign is zero for local compensation and + 0.006 for 
kgional con-lpensation to the outer limit of zone 0. This, it is believed, is comparatively strong 
evidence in favor of local distribution of conlpensation. This is especially true as the n1ea.n with 
regard to sign for 122 stations, regional conlpensation considered to the outer limit of zone 0 
(see bottom of table on p. S7), is -0.001. The inem hi the above table is, therefore, 0.007 dif- 
ferent from the mean of all. 

As the conlpensation of the higher land is brought closer t.o the station it is natural t-hat 
the. computed gravity at the stations should be less. than for the local distribution of.  the 
compensation. 

The last table of this series gives the local and regional anomalies at 18 stat,ions in moua- 
tainous regions which are above the gener~l level. The elevations of t.he stations above sen 
level and the distances above the general level are given in the table on page 6G. 

Local and regional anomalies at 18 stations in  mountainous regions and above the general level, arranged in  the order of fhcir 
dishnees above the g e ~ m l  level. 

This table gives strong evidence that the local conlpensation and the regional conlpensation 
to the outer limits of zones H and M are much nearer the truth than regional conlpensation to 
the outer limit of zone 0. There is some slight evidence in favor of regional compensation 
to the outer limit of zone M. 

The mean anomaly without regard to sign for regional compensation to the outer limit of 
zone 0 is only 0.002 larger than for the local 'method, but the mean with regard .to sign is 
- 0.010 while for the local method i t  is only + 0.003, and the former is 0.009 different from 
the mean for 132 stations, - 0.001 (see p. 87). 

The progressive decrease algebraically in the regional anomalies as the radius of distribution 
of the compensation is increased is what one would naturally espect, for as the compensation 
is placed farther and farther from the station i t  has less effect, and so the co~liputed gravity is 
increased and the anomalies are decreased algebrai~~ally. 

CONCLUSION. 

- 

Number and mme of station 

71. Lss Vegas, N. Mex ........ 
116 El Nev .................. 
101: ~e%nwood Tenn ......... 
52. ~ o w e r ~ e y & r ~ a s ~ . \ ~ ~ o .  
51. NorrisGeyserl)asm,\Vyo. 

I S .  Pleasant Vdley Junction, 
Utah .................... 

33. Grapd Canyon, Wyo. ..... 
9s. Alpme Tax ............... .............. 64. ~oga l&,  Ariz 
20. Deer Park, Md ............ 

.The evidence and analysis given on pages S5 to 91 lead to the definite conclusion that the 
local distribution of compensation is much nearer the truth than the regional distribution of 
the compensation to a distance of 166.7 h n .  from the stations. This conclusion is based upon 
the great' difference of 0.016 .dyne between the mean zone-0 anomaly for stations in nloun- 

I 
~ ~ ~ f ~ ~ , j  
anomaly, 

compen- 
sation) 

+0.0113 - .0?1 + .O1O - .OOl + .021 
+ .001 - .m2 + .El - .050 + .OlO 

Number and name of ststion 

'Si% -/ zone K 1 zone II zone 0 

Anomaly with redonal com- 
enaation within outer r imlt Of- 

88. Lake Placid, N. Y ........ 
103. Hughes Tenn ............. 
75. Lead SI ~ a k  .............. 
68. ~avs'psi,  Ariz ............ 
114. Truckee,Cal .............. 

Zone K 
---- 

+O.W - .0?0 + .011 + .MI + .023 

+ .005 - .OOl + .W4 - .050 + .012 

55. Mount Hamilton, Cal. .... - .003 - . 0113 - .Oil - .018 
102. Cl?udland Tenn .......... + .(I01 + .0112 - .002 - .OIL 
43. pikes peak, Coio .......... + .Wl 1 + .011 + .Om + .oom 

Mean with regard to sign. 
Mean without regard to 

slgn. -.................. 

Zonelll: 

+0.003 - ,022 + .040 
.MU) + .W2 

+ .001 - .OOl + .023 - .055 + .007 

-0.007 - .1)42 
+ .n39 - . nn; - .057 

+0.006 
---029 
+ .052 + .001 - .02S 

Zone 0 

-0.007 - .030 + .037 - .On9 + .OW 
- .OLM - -017 + .008 - .057 + .001 

+O.M)7 - .Wg + .053 + .001 - .O?S 

+a003 - .033 
+ .OW + .mi - .032 
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tainous regions below the general level and the mean zone-0 anomaly at stations in moun- 
tainous regions above the general level. The difference between the mean anomalies for the 
locd method for these two groups of stations is only 0.003. 

There is no evidence which favors the local as against the regional distribution out through 
zones K and M. Whether there is some intermediate zone .between 58.8 and 166.7 Inn. which 
would give as good results as the local distribution could be determined only by further computa- 
tions. 

The discussions under other headings in this report show that the cause of the anomalies 
is locd to a great estent. We are forced to believe that the anonm.lies can not be materially 
reduced by any method of regional distribution of the conlpensation of general application. 
This fact is clearly shown in the preceding tables, for only occasiondy is a large local- 
coinpensation anomaly greatly reduced by a regional method of distributing the compensa- 
tion. More often the regional distribution increases the anomaly. 

As stated on page 85, the 1nekhod.elnployed for the regional distribution is somewhat 
illogical in that the.compensation for each topographic feature is not distributed separately, 
but the author believes the above conclusions would not be changed if the ideal method 
mere employed. 



Chapter VII. EFFECT OF TEE ELEVATION OF THE STATION UPON THE INTENSITY OF 
GRAVITY. 

In  computing the correction to the intensity of gravity due to the elevation of a station 
above sea level the well known formula 

was used, c being the correction for height in dynes and H the elevation in meters. 
The constant factor of this formula was not 'questioned during the investigation until it 

was found that the gravity anomalies wqe quite different at pairs of stations near each other 
horizontally, but with a considerable difference in elevation. In the United States there are 3 
such pairs of stations and from the report of the International Geodetic Association 9 sets in 
Europe were selected and the Hayford anomalies were computed for each station involved. 
Later it was found that there are 2 pairs' in India. 

There me shown in the following table the data for each of the sets. I n  two cases there 
are three stations in a set. 

The density is given for information only. Its value is taken from reports of the Inter- 
national Geodetic Association. Tbe corrections for topography and isostatic compensation are 
all based on the same density, 2.67. 

Beta o j  adjacent etatwns having great diferences of ebvation. 
- 

Sets of stations 

Btilfseaoch, Austria ................................................... 
1{Franzenh8he, Austria ............... ... ........................ 

Schneekop Germany .................................................... 
4Alter Bruc~Germany ................................................... 

rocken, Germany ......................................................... 
3&harfenstein, Germany ................................... .... ............. 

aye, Switzerland .......................... ... ............................ 
4gilleneuve, Switzerland .................................................... 

Chaumont Switzerland ........................ .... ........................ 
6(Neuenburi, Switzerland. ........ .. .................................... 

......... ..... ............................... ................................................... . . . . . . . . . . . . ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ . ~ . . . ~ ~ ~ ~ ~ ~ ~ . ~ . . ~ ~ . . .  
elalp Switzerland ........................................................ 

7Erig, dwitzerland ............ .. ...................................... 
@ishorn Switzerland ..................................................... GIW~, S~itzer lmd ........................................................ 

Sanetsch Switmrland.. .................................................... 
B(Gsteig,  witze zed and ....................... ...... . . . . .  ................ 

Pikes Peak, Colo.. ......................................................... ............................. ................. 4 olorado Springs, Colo.. 

l l p y ; , A r i z  .............................................................. 
rsn  anyo on, A ~ Z  ........................................................ 

........................................................... Cloudland, Tenn 
'a(Eughes, Tenn .............................................................. 

....................................... 
.......................................................... 

l,(YSs;Yp~hb:ia ............................................................. ............................................................... 

Rayford 
anomaly, 

1912 

-0.01s - .022 

+ .02l + .Oil 

+ .045 
+ . a 4  

+ .018 
+.011 

+ .088 + .W4 

Uti tude 

0 I 

46 31.8 
46 33.0 

50 44.2 

m 5 7  
51 48.0 
5150.0 

46 26.0 
4624.1 

47 01.4 
47 00.1 

15 59.0 
45 59.6 
46 01.5 

46 22.9 
46 19.7 

46 25.2 
46 24.2 

46 19.3 
46 23.2 

38 50.3 
38 50.7 

36 03.9 
36 05.3 

30 08.2 
3608.5 

30 27.6 
30 24.2 
8018.5 

11 46.9 
1140.1 

g-go 

-0.010 - .014 

+ .W9 + -019 

+ .053 
f.052 

+ .028 
+.019 

+ .044 + .032 

Density 

2.4 
2.4 

2.73 
2.05 

2.6 
2.6 

2.7 
2.6 

2.7 
2.7 

Longitude 

' 
10 27.4 
10 29.0 

15 44.6 
15 44.6 

10 37 
1036.0 

6 55.7 
655.7 

6 57.1 
6 57.3 

H 

------ 
Meters. 

2760 
2188 

1605 
917 

1140 
623 

1987 
370 

1018 
7 

2.73 
2.i4 
2.16 

2.65 
2.72 

2.85 
2.65 

2.70 
2.03 

2.62 
2.4 

.......... .......... 

.......... .......... 
(2.8) 
2.5 
2.45 

2.7 
2.6 

7 46.8 
7 45.3 
7 45.0 

7 59.6 
8 00.4 

8 08.8 
8 M.1 

7 17.2 
7 16.2 

105 02.0 
104 49.0 

112 07.1 
112 08.8 

82 07.9 
8207.2 

78 04.5 
05.5 

'803.2 

18 12.5 
,809.2 

+ .a53 + .M5 + .055 ( + .047 
3016 
2.M 
1W3 

P32 
683 

2187 
1049 

2041 
1185 

4283 
1841 

aim 
849 

1890 
994 

2110 
1012 
682 

1309 
2N 

+ .OU 

+ .010 
.- .004 

+ .O13 
.WO 

+ .020 + .W1 

+ .029 + .001 

+ .om - .m 
+ .Ol2 - .02l 
+ .1155 + .W7 
+.OM 

- .(MI 
-.M8 

+ .w 
+ .002 - .012 

+ .M)5 - .W 
+ .012 + .OD 

+ .021 - .007 

+ .ooi - .OIO 

+ . 0 i  - .029 

+ .047 + .019 
-.a02 

- .038 
-.OM 
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The following table shows the difference in elevation of the stations forming a set and. 
the differences in the anomalies for each set. There are two cases where there are three 
stations in a set. I n  one case (set No. 6) the mean of the two high stations was used in 
getting,the differences in elevation and anomaly and in the other case (set No. 13) the mean of 
the two low stations was used: 

Diferencea of elevations and anomalies for eeta of ncar stations. 

It is seen that in only one case is the difference in anomaly negative, and this difference is 
only 0.001 dyne. On an average a difference in elevation of 100 meters causes a difference in 
the anomalies of 0.0013 dyne; and n difference of anomaly of 0.0010 dyne is caused by a difference 
in elevation of 79 meters. 

If a change of 0.0000130 in the constant term of the height formula were made, the resulting 
formula, c=  -0.0002956 H, would make the total clifference in the anomalies with regard to 
sign equal to zero. 

The derivat.ion of the constant term of the fornlula from the observed value of gravity st 
124 stationsin the United States made it-s value 0.0003066, witn a probable error of f 0.0000017. 
That the height formula is in error by such an amount ns the 0.0000130 indicated by the above 
clnta is improbable for two reasons: First, because if the changed height formula were usecl in 
computiag the correction for elevation for the United States stations, there would he a strong 
relation between the elevation of the statmions and the gravity anomaly. The higher the station 
the less algebl.aically would be its anomal.y, while with the unchanged formuln there is 110 

apparent re1,ationhetween tlie anonlalies and the elevation. Second, a very careful sncl thorough 
inve~tigat~ioa mas macie by W. D. Lmlbert, of the Survey, which fniied to discl.ose any flaws 
in the derivation of the consta~it factor of the formula. 

An investigation of the suliject along ot.ller lines was made, and i t  was found that there are 
several causes to which may be due some of the difference in the anomalies at  big11 ancl low 
~tat~ions which are l~orixont~~ly close together. 

First. In general the higher station of n pair is on a nlountain peak which has comparatively 
steep slopes. The corrections for tsopogrn.pl~y were conlputed by the zone method, the average 
elevation in the zone being used in the comput:ltions. This has the effect of lessening the effect 
of the closer part of t.he topography in the zone, ,as the leveling method involved in assuming a 
uniform average level for the lvlvllole zone 1owers't.he nearby topogriiphy m d  increases its distance 
from the station. A test was' madc of the effect of using n:xrrower zones from the station out 
to a c1istauc.e of 2.29 hl. The tables for t.llese zones are shown on pages 11 to 18. When the 
effect of the topography near the high station was computed with the narrower zones for sta- 
tion Pikes Peak, a difference of 0.0033 clyne was found. At station Yavapai, Ariz., the 
clifference was found to he 0.0031. The sign of tK~s difference is such as to bring the two 
anomalies for a pair of statiolls nearer together. 

Second. It may be assunled that in general the higher station of a pair is on topography of 
greater density than the lower one. T l~e  former is usually on a mountain peak which is co,m- 
posed of well-compacted matter, while the lower station js in a valley or in the foothills, where 
the material is not so well compacted and has much more porosity than the higher mountain 
mass. It is sometinles true that the two stations of a pair are on different geologic formations. 
The higher station in general is on the older formation with a greater density. 

Set No. 

1. . . . . . . . . . . . . . . . . . . . . . . . - . - . . . . . . . . . . . . . . . . . . . 
2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1 ........ : ....................... . .............. 
a.............................................. 
6.. . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . ... . . . . . . . 
7.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 
8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Difleran,ce 
of elevation 
high-low 

1Clc:ms. 
552 
BSS 
517 
1611 
531 
1158 
1449 
1133 

Diflerenye 
of anomalies 

high-low 

Dynes. 
+O.W + .010 + .001 + .007 + .Ol2 + .010 + .014 + .013 

I 

Set No. 

9 ........ ; .................................... 
10 ............................................. 
11 ............................................. 
12 ...................... .. .......... .... ---.-... 
13 ............................................. 
14 .................... 1 ....................... 

Total ...... .. .. ..... .... .... .... . . .'. .. .. 

of elevation ofanomal~es 

Mttc18.. Dynra. 

+ .033 
1263 + .039 
IOSO + .017 
15571 + .I98 



INVESTIGATIONS O F  CtRAVITY AND ISOSTASY. 9'5. 

If it is assumed that the l igh station is on topography which has a density 0.10 greater 
than tbe assumed normal (2.67) and that the lower station is on materid 0.10 less than normal, 
and that these densities obtain for all the topography above sea level, then the topography for. 
the mea near the high station would have a greater effect than that which has been used in this 
investigation, and, conver~el'~, the topography at the lower station would have a less effect 
tban normal. 

This is shown in a clear manner by making the changes in density at  Pikes Peak and Colo-. 
rado Springs. The change in the effect of the topography within a radius of 3.5 km. due to, 
increasing. its density 0.10 is +0.0085 dyne, while the change from decreasing the density at. 
Colorado Springs by 0.10 is -0.0057. The sum of the two 'changes in topographic effect is 
+ 0.014. The cliff erence between the anomalies at  these two sf ations is 0.028 dyne. The changes 
in density in the topography near each of the stations reduced by onehalf the difference between 
tlie anomalies. The changes ,at the two stations Cloudand and Hughes would be +0.0054 and. 
- 0.0035, respectively, and the difference of the anomalies a t  the two stations would be reduced 
from 0.033 to 0.024. 

I n  practically all cases the difference in the existing anomalies at  two close stations, as  shown. 
in the table on page 93, would be reduced by increasing the density of the topography a t  the; 
high station and decreasing the density of the topograplly at the low one. Tile only exception 
to this generd rule is pair No. 9 in the above table. Here the'lower station has the larger. 
anomaly, but the difference between the two anomalies is only 0.001 dyne. 

It is scarcely possible to make a correction for erroneous density of topography used in 
the reguld reductions, for even if the density of the surface rocks were known one would not. 
be justified in assuming that the density of the surface obtained to any given deptli below the. 
surf ace. 

Third. Another correction could be applied to the combined effect of topography and 
compellsation at a station wllich would nlake the clifferelice smaller between the momalies at. 
a pair of stations close togetller horizontally but with different elevations. In  nlaking the tables 
for computing the effect of topography m d  c.ompe~lsntion it was assunied that the compensa- 
tion began at ' the surface md e~t~encled to a cIeptl1 of 113.7 b. This was done to facilitate 
the computation, altllougll it cloes not seen1 to be a reasondle nssuniption. I t  is niore prob- 
able that tlie compensation begins at  sea level or at some lower depth. If i t  is assunled that. 
the compensation begins nt sen level, then the effect of compeilsation for the topography near. 
the station above sea level is less tllan when c.omputed by the usual metliod. 

If the average elevation.of the topograplly in a near zone is 1900 meters (6200 feet), then 
the change in the effect of the compeilsntioa will be one-sixtieth of the effect of the topography 
in that zone. The approsimate general rule is that the effect of compensation of topography 
near the station will be reducecI by an amount eclual to the product of the elevation of a zone. 
by the correction for topography for the zone divicled by the depth of cumpensiltion. 

Let us apply this at  Pikes Peak. The elevations for zones C,  D, E, and'F are, respectively, 
4300, 4100,3900, and 3700 nletels. Tlie coi~ec.t~ioiis for topoga.phy for those zones me, respec-. 
tively, + 0.0165, + 0.0325, + 0.0545, a ~ l d  + 0.0639 clyne. a l e  chwge in the compensation for 
the four zones is 0.008, and this is the amount the effect of compensation at Pikes Peak is. 
reduced. There would be a further reduc.tion in the compensation if the test were made for. 
a few zones beyond zone F. The effect of the change at a single station becomes zero in gen-. 
era1 a t  about zones J or K. For the outer zones the effect is small for any one station and for. 
a, pair of statiorls the effect on the relative Anomaly is negligible. 

At Colorado Springs, the lower station of the pair, the average elevation of the topography 
out to the limits of zone F is about lSDO meters, and tlie change in the effect of compensation by 
having it distributed from sea level for zones A to F is 0.002 dyne. .The total effect on the 
difference in the anomalies of changing the position of the upper surface of the compensation 
at Pikes Peak and Colorado Springs would be about 0.010 dyne. The reduction of the differ- 
ences a t  other pairs of stations in this. country and abroad would be less than this, in moat 
cases much less. 
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If the depth of compensation were materially reduced, say, to 60 km., then the effect of 
starting the distribution of the compensation at the sea level rather than at the surface would 
be about double what it would be for the depth 113.7 b. 

The table on pages 103-105 shows that if the depth of compensation were 127.9 Inn. the 
difference in the anomalies at Pikes Peak and Colorado Springs would be reduced to 0.026 dyne, 
and it would be further reduced to 0.021 dyne if the depth were 184.6 Inn. If the depth were 
43.6 h., the difference in the anomalies at those stations would be increased to 0.051 dyne. For 
85.3 km. it would be 0.033 dyne. A change in the depth m ' a k  practically no change in the 
difference between the anomalies at the pair of stations Cloudland and Hughes. The discus- 
sion on page 111 indicates that a depth greater than 130 km. is very improbable. 

If the compensation has a regional distribution rather than a local distribution, then the 
anomaly will be reduced at Pi& Peak, it will remain about the same at Colorado Springs, and 
the difTerence in the anomalies at the two stations will be considerably reduced. If the distri- 
bution of compensation is regional to the outer limit of zone 0 (167 Ian.), the difference in the . 
anomalies will be reduced from 0.028 to 0.012 dyne. It would be 0.016 dyne for regional dis- 
tribution to the outer limit of zone M (59 h.). The regional distribution of the compensation 
does not materially reduce the difference in anomalies for the pair of stations Cloudland and 
Hughes and for the pair Yavapai and Grand Canyon. The effect of regional distribution at 
the pairs of stations not in the United States has not been computed. On page 91 it is shown 
that the regional distribution of the compensation to a distance of 167 km. is not so probable 
as the regional distribution to a much shorter distance or as the local distribution of the com- 
pensation. 

We may conclude that the systematic difference in the anomalies at a pair of stations 
close together, with one high and one low station, is not due to error in the height formulit nor 
to error in the assumed depth of compensation, but that it is due in pmt to errors in the assumed 
densities of the topography under the stations, to deviations from the normal densities in the 
material below sea level and in the upper crust, to the use of wide zones in comput.ing tlie effect 
of the topography, to the probably erroneous assumption that the compensation begins at the 
surface of the topography, and to the assumption of local distribution of the compensation. 
That the cause is located in the upper crust rather than in the lower crust is evident from the 
fact that any deviation from the normal conditions in the lower crust would affect each of the 
two stations of a pair equally, or very nearly so. It is probable that the effect of any one of 
these causes varies considerably for the different pairs. It would be impossible to axrive at 
the true effect of each one of tlie causes for ally pair escept the effect of tlie use of the wide 
zones. The difference in the anomalies is probably due to the wmbined effect of all of the 
causes. 



Chapter VII1.-EFFECT ON. THE INTENSITY OF GRAVITY OF CHANGES IN THE DEPTH 
OF COMPENSATION. 

On pages 103 to 105 of Specid.Publication No. 10, "Tlie effect of topograpliy and isostatic 
compensation on the intensity of gravity," is i discussion of some preliminary tests of. the 
effect of a:change i ~ i  the assumcd depth of con~pe~~sation on the gravity anomalies. The con- 
clusion reac.hed was that the available gravity stntidns probably would not cletexmiae a clel;th 
that could conlpete in accuracy with the depths cleterminecl from deflections of the plumb line. 
The further accuinulatioi~ of mi~teria! and the further study of the cluestioil have brought about 
a partial revision of this conclu:3iori. 

To study the effect of a clla.nge in the depth of c.ompensat.ion it is necessary to have t . 1 ~  
effects of topography ancl isost:~tic c.oinpensation for different c1el)tBs. To m'i7.1ie these conlpu- 
t.ations with complete theoretic accuracy would require a great amount of labor, even if there 
were available conlplete sets of ta.hles similar to those on pages 30 t.0 47 of Special Publicatio~l 
No. 10, but coinputecl for clepths o ther than 11 3.7 knl. Tllis labor was greatly lg.ssenei1 by the adop- 
tion of the approsi~nittioils below. The results of the cc~nl:)ut.ztions are given on pages 100-102.. 

The effect of topography is not altered by a change of clept.11, but the compensation, and 
therefore .the ~'esiult,ant, changes \vit4h the changing clepth. The methorl of computation con- 
sists in multiplying either the conlpensation or the resultant of the topo'graphy and compen- 
sation by n factor depending on the depth and on the zone involved. 

I11 the tables on pages 30 t.o 43 of Special Publicatioil No. 10, the c~rrect~ion for elevation 
of the station above or be lo^ the coml)nrt.ment is, strictly speaking, the correction to the com- 
bined eflect of topogra1~hy and compe~lsat~ion, but, inost of the c.orrection is due to the change 
in the effect of the topography ~ l ~ d  the part due to tlle change in the effect of t.he coml~ensnt.ion 
is relatively small. The change 1vit.11 cl~nnging depth. in the p:xrtrt due 60 coml~cnsation will 
generally be smaller still. Neglecting this-that is, consideri~~g the compartment to be on t.11~ 
same level as the station-the formula for the compensation 6' is 

c== 27rk6{c2 -el - Jc,?-t? + JcI2+ t2  } 

ill whicll7c is the gravitation c.onstant, c, and c2 are the ii~ner and outerrndii of the zone, ancl't is. 
the clepth of compensation. 6 is tihe density of compeasat~ion and for land coml)art.~nents is.given 

7l. . by the fornlula, 6 = 2.67 -,where 7~ is themem elevatio~l of the coml~artment, the density of the topog 
t 

raphy being assumed as2.67. If 6; denote the c.ompensation for cleptll113.7 ancl Cd.tl1e compe.nsa- 
c;b 6fd-Co 

tion for any other depth, it is evident that or - is independent of 7 ~ ,  the elevation of the c!, 
compartment, and also of the assumed density of the t,opography, and clepeilds o11ly 011 the t ~ - o  

depths involved. The quantity '4 was computed for an arbitrary elevation of coiupart- 
C*" 

rnent but applies equally well to any elevation and was so used. I t  is the:factor which ~nult~iplied 
by Co will give the correction to be added algebraically to Co t.o giye.:Qd? the compensat~ion 

Cd - co 
at the new depth. ' The values of --- 

0 0  
for various dept.11~ of coinpensation are sllowvn in the 

following tables for zones A to 0. In  interpolating vn l~~es  cjf for clcpt.l~snear 1 13.5 km., 
0 

(.;L - Q* it should be remembered that -- 
Qo 

is zero for this dept,h. 

59387'-17-7 
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Facttrs, C,'-Co, wed in computing rnmrntimrfor the givm & p h .  
c o  

The factors in this table were also applied to ocean compartmentsJ although the com- 
pensation which begins at the bottom of the ocean is never on the same level as the station. 
The error, however, is not large. For ocean compartments the density is 0.615 times that of a 
land compartment when the height of the land is equal to the depth of the ocean compartment. 
The sign of the density is reversed. 

For the outer zones, numbers 1 to 18, a correction factor is applied to the resultant effect, 
R, of the topography,,and compensation. !This resultant is proportional to the elevation of the 
compartment, or 

R s p h *  

zone 

A .......................... ... ........ .. ...........-..-..-.-.-.. 
B ......................... .. .......... .. ..............-. : . . . . .  
C ................................................................... 
D ................................................................... 
E ...................................................................... 
F ..... . ................................................. . - - .  
0 ................................................................... 
H .................................... ' . -  . . . . .  . -  ............. 
I ...................................................... - . - .  
J ................................. . -  . . . .  . .  . 
6 ..................................................................... 
L .......................................................... . . 
Y ................................................................... 
N ................................................................ 
0 ................................................................. 

in which h is the elevation of the compartment and p is a factor of proportionality given in the 
tables ip Special Publication No. 10, and there computed by the method of quadratures.t If a 
subscril~t zero denote the values of R a.ncl p for depth 113.7 km., and the same letters with 
subscript d the corresponding quantities for another depth, then 

Factors for depth of compensation of- 

Rd- RO, is independent of the height of the compartment, though for con- or the co~~ection factor, --- 
Ro 

venieme in computing a standard height was assumed. The values of this factor for various 
depths are given in the following table. Tae factors are to be multiplied by the resultant of the 
topograplly and compensation for depth 113.7 Ian. in the same way as the factors in the pre- 
ceding table are to be multiplied by the compensation and give the correction to be added 
algebraically to the resultant for the depth 113.7 Irm. to obtain the resultant for the particular 
depth in question. 

* The corrections for departures from proportionality and for elevation of station which occur in zones 1MS are neglected as unimportant. 
t The resultant might have been found mathematically by integration, but this wasnot discovered until Special Publication No. 10 was in 

press. The formula of integration and thetables for its use (based on wnes diRehent from those used by the Coast and Geodetic Survey) are given 
by G. Cassfnis in publication entitled "Sull 7Applhione del btetodo Imtatico alle Riduzione delle Misure di GravitB," Rome, 1911. In  
computing the density of compamtion of his outer zones I to SS, Cmsinh neglects the convergence of the verticals bounding the compensation, 
and his density of compenmtion should be multiplied by approximstely 1.019. Although this error is less than 2 per cent of the compensation, 
since topography m d  compensation are large and nearly e q d  for dhtint zones, It completely falsifies the resultant for these zones. Thiserrur 
is repeated in the publication by Reina and Cassinis, *'Determinazione di GravitB Relativa compiute nel1912 a Roma, Arcetri, Livorno, Genova, 
Vienna e Potsdam," Rome, 1913. This error was conected before use was made in this publi t ion of the computed reductions for topography 
and isostatic compensation given in the publication just mentioned. (Sea p. 57.) 

In Gerland's Beitritp zur Qeophysik" Band SI I ,  pp. 58%03S, there is an extended discussion of formulas by Erich Hiibner entitled, .'Beitrag 
zur Theorie der isostatischm Rednktion der Schwerebes~hleunig~en." On p. 638 he notes an error 01 2 per cent in the tables of Special Pub& 
cation No. 10, due to neglecting the convergence offhe w~ticals. ' This error is, however, 2 per cent of the small resultant for any compartment, not 
2 per cent 01 the compensation, and may, therefore, be neglected. 



INVESTIGATIONS OF GRAVITY AND ISOSTASY . 
Ra- RO. used in mpicting.resultant of topography and con~pematim for given dcpths . Fatote. 7 

An example of the use of these tables is given below . The quantities in the second and 
third columns are taken from page 42 and me multiplied by the factom in the tables on page 98 
and above and the products are placed in the'approprirtte column . The total of these products 
for a given depth is the correction to be applied to the effect of topography and isostatic com- 
pensation for depth 113.7 la . in order to obtain the effect for the depth iq question . 

In  the same way the computations for other stations in the United States have been made, 
and the results to three decimals of dynes are shown on pages 100-102 . 

zone 

18 . ; ................................................................... ..................................................................... 17 
16 ..................................................................... ..................................................................... 15 ................................... 14 ... ............................... 
..................................................................... 13 ....................................................... 12 .'.. ............ ..................................................................... 11 ...................................................... 10 .'. ............. ..................................................................... 9 

............................................................... 8 .'. .... ..................................................................... 7 ..................................................................... 6 .................... 6 ....................... : : ........................ ..................................................................... 4 

.................................. a .... ............................... 
2 ............ ; ........................................................ 
1 .................... .... ........................................... 

Corrections for change of depth. s t a t h  i95. Lands. Wyo . 
[These corrections are in units of the fourth decimal place in dynes and are to be added algebraically to the effects of topopph  y and compensation 

for the depth 113.7 k m  . to obtain the effects a t  other depths.] 

Factors for depth of compensation of- 

42.6km. 

.O.? 
-- . a6 
. 5 7  
-- 58 
-- . 59 

-- . 61 
-- . 62 
-- . 62 
-- -62 . -62 

-- . 63 . a63 . -63 
-a63  . . 63 
-- .63 
-- . 63 
. . 6 3  

... 

Zone 

A ............................................................. 
B ........................................................... 
C ............................................................. 
D ............................. ,... .......................... 
E ............................................................. 
F ............................................................. 
G ............................................................. 
H ............................................................. 
I .............................................................. 
J .............................................................. 
6 ............................................................. 
Z ............................................................. 
M ............................................................. 
6 ............................................................. 
0 ................... 1 ......................................... 
I8 ......................................................................... 
17 ......................................................................... 
16 ......................................................................... 
15 ....................................................................... 
14 .................. ....,.... .............................................. 
13 ....................................................................... 
12 ....................................................................... 
11 ...... ................................ ................................... 
10 ................................................................... 
9 ........................................................................ 
8 ........................................................................ 
i ...................................................................... 
6 ........................................................................ 
5 ...................................................................... 
4 ................................................................... 
3 ........................................................................ 
2 ........................................................................ 
1 ................................................... 

Total ....................................................................... 
Total topography and compensation . 113.7 k m  
Total topography and compensation at  given depth 

158.25km. 

+0.14 + . 18 
+ . 21 + . 24 + . n 
+ . 30 + . 34 + . 35 + . 36 + . 37 

+ . 38 + . 38 + . 38 + . 38 + . 38 
+ . 38 + . 35 
+ . 3 8  

lS4.6km. 

+0.19 + . 24 
+ . 30 + . 36 + . 41 

+ . 48 + . 54 + . 57 + . 50 + . 62 
+ . 63 
+ . 63 + . 63 + . 63 
+ . 63 
+ . 63 + . 63 
+.a 

58.9km. 

--0.41 
-- . 42 
-- . 43 
-- . 45 
-- . 46 

-- . 47 . 4 . . 49 . -50 
-- . 50 

-- . 50 
-- . 50 
-- . 50 
-- . 50 
-- . 50 

-- -50 
-- -50 
. . 5 0  

Cornpen- 
satlon 

only 113.7 
k m  . 

0 
0 

- 4  . 6 
- 8  
- 2 0  
- 2 4  
- 3 2  
- 4 3  
- 6 6  
-109 
-15% 
-425 
-373 
-MI 

: . 

: .... 

................... - 

......:....................... ......................... 

85.3km. 

--0.17 
-- .IS 
-- . 19 
-- . 21 
-- . aa 
-- . 23 
-- . W . . W 
-- . W 
-- . 24 

-- . 25 
-- . 25 
-- . 25 
-- . 25 
-- . 25 
-- . a5 
-- . a5 
- - .a5  

......... 

Result- 
ant, to- 

pography 
and mm- 
penation 
113.7km. 

.......... 

.......... 

.......... 

.......... 

.......... 

.......... .......... .......... .......... .......... 

.......... 

.......... 

..........-- .......... 

..... : .... 
68 
68 
71 

-68 
61 

- S S  
- 5 1  

3i 
- 1 7  

0 
+ 8  + 7 
+ 9  
+ 9  
+ 8  
+ 5  
+ 3  
+ 1  

127.9km. 

+O.M + . 07 
+ . 08 + . 09 + . l o  

+ . 11 + . 12 + . 12 + . 13 + . 13 

+ . 13 + . 13 + . 13 + . 13 + . 13 

+ . 13 + . 13 
+ . I 3  

. - 

Correction for depth- 

42.6km. 

0 
0 

- 7  
- 1 0  
- 1 3  
- 3 2  
- 3 7  
- 4 8  
-60 
- 8 1  
-112 
-115 
94 + 86 

+I53 
+ 36 + 38 + 40 
+ 8 8  + 38 
+ 5 4  
+ 3 2 -  + 33 
+ 1 1  

0 
- 5  
-- 4 
- 6  
- ' 6  

' - 5 "  

- 3  
- a  
- 1  

. 95 
-275 
-3iO 

58.9km. 
------ 

0 
0 

- 4  
- 6  
- 8  
- 1 9  
- 2 3  
- 2 9  
- 3 7  
- 5 3  
. 76 

87 -- 
-102 + 37 
-1-106 

+ 28 + 29 + 31 
+ 3 0  + 28 
+ 4 1  
+ 2 5  + 18 
+ 8  

0 
- ' 4  
-- 4 
- 4  
- 4  
- ' 4  
- 2  
- 2  

0 

. 87 
-275 
-362 

127.9km. 

0 
0 
0 

+ l  
+ l  
+ 2  
+ 3  
+ 4  

$ ;  
+ 11 + 14 + ra 
+ 7  
- 10 
-- 4 
-- 5 
-- 6 
- 6  
-- 6 
- 1 0  
- - . 6  
-- 4 
- 2  

0 
+ I  + 1 
+ 1  
1 
+ 1  
+ I  

0 
0 

+ 27 
-275 
-248 

8j.3km. 

0 
0 

- 1  
- 2  
- 3  
- 7  
- S  
- 1 0  
- 1 3  
- 1 9  
. 29 

38 -- 
. eo 

0 + 37 
+ 12 + 13 + 14 
+ 1 4  + 13 
+%I 
+ 1 2  + 9 
+ 4  

0 
- 3  
-- 2 
- 2  
- 2  
- ' a  
- 1  
- 1  

0 ------- 
. 51 
-275 
-328 

158.a5km. 

0 
0 

+ 1  
+ 2  
+ 2  
+ 5  
+ 6  
+ 8  
+ 1 1  
+ 1 6  
+ 26 + 35 + n 
+ 2 6  
-- 20 
. 10 
-- 13 
-- 15 
- 1 6  
-- 16 

. - - ? I ?  
- l i  
-- 13 
- 6  

0 
+ 3  + 3 
+ 3  
+ 3  
+ 3  
+ a  
+ 1  

0 

+ 77 . 
-275 
-198 

i&4.6~=. 

0 
0 

+ a  
+ a  
+ 3  
+ 8  
+ g  
+ l a  
+ 1 6  
+ 2 4  
+ 38 
+ 51 
+IIO 
+ S P  
. 17 
. 13 
. 16 - ?L 
- 2 4  
- 2 5  
- - 4 1  
- I  
-- 21 
- 1 0  

0 
+ 5  
+ . 4  
+ 6  
+ 6  
+ 5  
+ 3  + a  
+ 1  

+l4a 
.a75 . 
,. 133 
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The following table gives the effect of topography ancl compensation for each of t,he 319 
stations in the United States for various depths. 

Correclimur for topography and iaoaf~tic c o ? n ~ a l i o n  for gizlen depths of conzpensatw?~ 
-- 

Number and name of station I Depth I Depth I Depth 1 Depth 1 Depth 1 Depth, 1 Depth 
4?.6 k d .  56.9 k d .  Y5.3 k d .  113.7 k1h. 127.9 k&. 156.25km. 11Cl I k d .  

1. P e r  West Fla ...................................................... 
2. W&t P R I I ~  Beach, Fla. ............................................ 
3. Punta Gorda, Fla.. ................................................ 

................................................... 4. Ar~alachicoln, Fla 
5. New Orleans, La ................................................... I 

rille La ....................................................... !: z:cestdn. Tex ...................................................... 
8. Poixlt Isabel, Tex ................................................... 
9. Lamdo Tex ........................................................ 

10.  ust tin;   ex. (capilol). ............................................. 
........................................... 11. Austin Tex. (university) 

12. h l c ~ l d t e r  Okla.. .................................................. 
13. Little RO&. Ark. .................................................. 
11. Columh~a Teuu .................................................... 
15. Atlanta, 6 a  ........................................................ 
16. McCormick, P. C .......................................... ..........I 

................................................... 17. ~~'harl&%ton S. C. 
IS. Reaufort N C ...................................................... 
19. (:l~arlotthsvi~le. Va .................................................. 
3. Deer Park, bid. .................................................... 
21. Washington, D. C.. (Coa~t and Geodetic Sun-ey Office). ............ 
23. Wa-hington. D. C. (Smlthsonian Institution). ..................... 
23. Baltimore. Md ...................................................... 
W. Philadelphia Pa ................................................... 
25. ~rincetou. N: J ..................................................... 
2%. Hoboken N J ...................................................... 
37. ~ e w  l'ork 5. T. .................................................. 
2s.  orr rester ' M ~ s . .  .................................................. 
3. Boston. M'sss ....................................................... 
39. Caml~ridge, Mass ................................................... 
31. Calais. Me ..................................................... 
32. Itham. N. Y ....................................................... 
33. Cleveland. Ohio .................................................... 
34. Cinvinnati Ohio .................................................... 
35. ~ e r r e  ~aude ,  Ind.. ................................................. 
30. Chicago. 111.. ................ .:. ................................... 
37. Madison Wis ....................................................... 
38. st. ~ o n i i  MO ........................................ :. ............. 
39. ~ a n s a a  ~ l t v .  MO .................................................... 

................................................. %,.? l!s.worth,-r; ~l l~.. .  I 
41. Wallace Iinns 
42. ~01ornd6 Sprin s. COIO 
43. Pike Peak cofo.. .................... _. ..................... 
44. Denver. C'ofo ....................................................... 
45. Gunuiso~l, Colo ..................................................... 

................. ...................... 46.' Grand Junction Colo.. ... 
................................................. 47. Green River ~ t k h  ..................................... 48. p l e m n t  ~ d l e y   unction, Utah .............................................. 49. Salt Lake City, Utah. ............................................... 50. Grand Canyon, Wyo 

............. .......................... 51. Xorris Geyser Basin, Wyo .:. 

.......................................... 52. Lower Ge ser Basin, Wyo ......................................... 57. ~eat t le ,  d i s h .  un~verslty) L '  ........................... ............... 54 Sari Frsucheo al...... :. ............................................... 55: M O U U ~  H ~ I L ~ ,  
......................................... W. Seattle Wash (high school) 

67. iron ~ f v e r  Mich. ................................................. 
6s E I ~  ~ i n n l  
M): ~eml i ina  N Dak 
60. Mitchell,'~. ~ a k  

68. Compton Csl ....................................................... ...................................................... 67. g old field' Nev ....................... .................. 88. Yava i ' ~ r i z  ....... ................................................ 69. ~nac!%h .on. Arlz ..................................................... 70. ~ a l ~ u p ,  N . ~ W  

71. Las Vegas N. Mex ................................................. 
116. shamrock' TW.. ................................................... ...................................... ............. 8. Denison $ex .... 
74. Minnea&lis Minn ................................................. 
95. Lead, 8. ~ s k  ....................................................... 
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Cimrections for topography and isostatic conrpmsntima for gizreia clcpths of roinpmsation-Cont.inued. 

. . 

Nurul>er and name of station I Depth I Depth ( Depth I Depth ptb Depth I Depth 1 Depth 
r?.Gkd. 56.9 kd . S5.3 l i d  . 113.7 li1h . 12i.9k&. 156.25kk. 184.~lid1. 

76 Dak --. --. --. --. .. -.. -.. --. .. .. .. -. 

....................................................... 013 

............ ............................... 86 Lake Placid N .Y ...... 
................................................... . 87: Yotsdan~ N I  P 

89 Wilson N P ....................................................... 
...... .............................................. sg' ~ 1 6 n a l  ~ ' i c h  .'. 

............... ............................ 00: ~ i r g i u i k  ~ e a c h ,  ~a ... 

............................................................ 81 Sisson Cal 
sZ' ~ o c k  bprin s W ~ O  ................................................. ....................................................... 83: Faxton h:eg; 
S4 Wastiin on D.C. (BureauofStandards) .................... B 85: ~ o r t h  ero, 'vt .................................................... 

91 . Durham. N . C ...................................................... 
92 Fernandina Fla .................................................... 

........................................................ 
94 .41icevi1i e. Ala 
Qj 
. 

New Madrid. Mo: 
...................................................... 

.. 

I 93: Wilmer Al; 1 

............. . ................................... 
+ . oia + . 007 + . 025 + .om - . ooa 

015 - . 014 
000 + . 008 - . W7 

96 . Menn. Ark ......................................................... 
.................................................. 97 . Nacpgdoches . Ter  

........................................................ . 9s .Up1 ne. Tes 
99 . Farwell Tex ........................................................ 

..................................................... . 100 ~ u y n ~ o i ,  0kln 

......... . .................................. . 101 Relenwoorl Tenn ....... ................................................... . l(v2 c.loi~dland. Tenn 
........................ ............................ 103 Hnghes 'I'enn .. ................................................. . 101: ~ h o r l e s ~ o n  H'. Va 

1% . Stota College, Pa ................................................... 

--. 008 - . 011 - . 001 + . 008 - . 00.S 

..................................................... . 1013 Fort Kent. hfe 
10; . Yre~lticr . \\'is ...................................................... 

................................................. . 10s Fergus Falls. hlinn 
109 . Sheridan . Wyo ..................................................... 

..................................................... . 110 Doulder. blont I 

+ . rn - . on7 . 000 + . 010 - . 009 

.................................................. . . 111 Skyk~~mish I V s h  
.................................................... . 112 Olvml>ia \Vash . ..................................................... 113 H A P ~ I I C I  : Oreg 

....................................................... . 114 Truckee CHI 
................................................ . 115 \~inne$ucca.~ev 

1113 . Elp. Nev ........................................................... . .................................................... l l i  Gucmsey.\Vyo . ...................................................... . 118 Pierre S Dak 
119 . Fort dodge Iowa .................................................. 

................................................... 12~.1ieithsbur~:111. 

............................................... l?l  . Ornnrl Raplrls, Mich . ........................................................ 122 Angolu 111d 
123 . ~ l b a n < .  N . Y ...................................................... . . ................................................... 124 . Port Jervis N Y . ................................................. . 135 AthnticCity, N J 

1?6 . I%riderhnrnpton, N . Y .............................................. 
127 . Ch:~thrnn bf ass .................... '. ............................... 

...................................................... 1% . ~oclcland. Me 
.................................................... 129 . Lsncaster . N . H . .................................................... . 130 IVhitehsll, N Y 

. ........:......................................... ln . Little Fn?ls, N Y 
.......................... . ...................... 132 . Watertown N .. 

133 . Sonthport hT . Y ................................................... 
134 . Erle PI .. I ............................................. ..'.. ........ 
135 . ~ar&rsburg, I\'. Va .......................... .. ................. 
136 . Colnmhus . Ohio .................................................... 
137 . Indinnapdis . Ind ................................................... . . ..................................................... 138 Springfield I11 
139 . Lebanon hfo ....................................................... 
140 . ~ o p l h l ,  b& ......................................................... 
141 Fort Smith Ark ................................................... 
142: 'rcsarkana. 'Ark ............... .... .............................. 
143 . Hot Springs Ark .................................................. 
1 4 1  . Alexandria !La ..................................................... 

...................................................... 145 . ~ a u r e t .  XI& 

+ . 015 - . 001 
+ . 003 + . 012 - . 009 

146 . Richmond.Va .................................................... 
1 4 i  . Enporia . Va ................................................. . . .............................. 148 . Greenville N C .. ................... 
148 . tvilmington . N . C ................................................ 
150 . Cheraw, S . C ...................................................... 

. .............................................. 151 . Chsrlotte N C 
152 . hshe\.illr' h'. c .................................................... 
153 . ~ ~ e v e ~ a n d  . ~ e n n  .................................................... 
154 . Willston-Ssl~m . N . C .............................................. 
155. Knosvillc, Tenn ....................................... :.. ......... 

+ . m 
+ . 001 
+ . 002 + . 013 - 006 . 

+ . 029 + . 006 
+ . + . 015 - 007 . 

+ . ws 
+ . 013 
+ . 008 + . 01s - 005 . 



U. S. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 40. 

Cmcctionsfor topography and isostatic compensation for given d e p h  of mpmaation-Continued. 

Number and name of station Depth, 
58.9 km. 

Depth I D q t h  I Depth I Depth, 
~5.3 1id. 113.7 I&. 147.91ini. 16G.25km 

Depth, 
ls~.tikm. 

156. nrlstol Va. ........................................................ -O.M 
157. ~omestead,   la. ................................................... + .013 ...................................................... 155. Sebrinp. Fla.. + .010 
159. Titosv~lle, Fla.. .................................................... + .006) .................................................... 160. Leesburg, Fla.. + .@I9 

161. Cedar Keys, Fla. ................................................... + .006 
162. Macon Ga. ........................................................ + .001 ...................................................... 163. AIL&, GU-- + ,004 
164. Pensamla. Fla.. ................................................... + .005 ....................................................... 185. Opelik8,Ala + .W7 

..................................................... l&J. Huntsville. Ala - .a03 .............................................. 167. Arkansas City, Ark.. + .003 .................................................. 16s. Memphis, Tenfl.. + .Ill1 ........................................... 169. Mammoth Spring, Ark.. - .M)4 
170. Hopkinsvfle, Iig... .......................................... + .0(0 

171. Danville Ky ........................... .... ...... ................. + .W 
172 clifton gorge Va. .................................................. - .014 
173. CreenVUe AL.. ................................................... + . O N  
174. Birmingdm Ala.. ............................................ + .003 ...................... ................... . 175. hxington, Ja.. .... - w 
176. Prastmhurg, Kd.. ................................................ - .010 
177. Traverse City, mh.. ........ .:. ............................... + .M)1 
173. Seney Mich ............................... .... ..................... + .004 ....................................................... 179. oconto, wig ............................................. 180. Grsnd Raplds, Wiis.. .: + 
IS1 Winona Minn ....................... ...... ........................ - .008 . .................................................... 1s: Baldwid Wis.. + Ol14 ................................................ 183 cumberlknd Wis.. + .W5 
1S.4: cambridge, him.. ............................... .. ................ + .001 
155. Brained, Minn ..................................................... + .@!I1 

.................................................. 1%. Aherdeen 8. Dak ................. ........ ......................... 157. Fhith 6 bak : ... ................................................. 1s. ~ a r & h .  N. Dak .................................................... 189. Towner N. Dak .................................................... 190. crosby,'~. Dak 

................................................... 191. Crookston. M h  ....................................................... 192. Po lar Mont ................................................... 193. ~ i h d i t j  Mmt .............................. ............... 194. Huntley hont ... 
195. LW, k y o  .................. .... ............................ 

............................ ..................... 196. Faribanlt Yinn -.: 
197. 8t ~ames'  inn.. ................................................. 
1sS. ~ c i ~ e m o n t  6. Dak ................................................. 
199. Damon dinn ............................:...................... 
200. cokato, bdim ....................................................... 
201. Wasta S Dak ..................................................... 
402. ~00rc;oft: Wyo ...............................................*.... .................. ........................ 203. ~ u ~ u t h  dbinn ........... 
204. 0.4age, fc-.m.. ...................................................... ............................... ............. 205. Randolph, Nebr.. .... 

.................................................... 206. Valentine Nebr 
207. wheellug: W. Va.. ................................................. 
208. Lean, Iowa ........................................................ 
208. I.aure1 Yd.. ....................................................... 
210. ~srrishur~, Pa ..................................................... 
;;; &'iLttbu~ff pi ...................................................... ...................................................... 
213: upper ~&lboro, Md.. ............................................. 
214. Fairlax Va .......................................................... 
215. ~ r i s ~ d ,  ~d ....................................................... 
216. FVederickPburg, Va ................................................. ................................ ...................... 217. Dover Del .. 
218. ~ o r t h ' ~ a m m t ,  ~ i c h . .  ............ ...... ....................... 
219. Hagerstown, Md.. ................................................. I 

Tlle above table needs little comment. In  general the effect of topography and compen- 
sation increases algebraically with an increase in depth. The largest change from depth of 42.6 
to 1S4,6 km. is 0.071 dyne at station ,114 (Trucliee, Cal.). The nest greatest change is 0.064, 
at station 43 (Pikes Peak, Colo.). There are some other changes of' as much as 0.030 dyne. 
There are a few esceptions to the general rule that the effect of topography and c.ompensation 
increases algebraically with an increase of depth. At station 56 (Seattle, Wasll.) the correction 
of - 0.000 dyne for depth 42.6 kni. decreases algebraically to - 0.018 dyne for depth 184.6 km. 
There, is 110 other similar change in the above table greater than 0.005 dyne, except for the 
other Seattle station, No. 53. 
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The greatest changes occur at  stations near the coast, especially when the deep water is not 
far distant, and in mountainous regions. Where the topography is comparatively level for some 
distance mound tl~t?.stnt-ion, the total range in the values for the rarious depths is small. At sta- 
tion 40 (Ellsworth, IZans.) it is pnly 0.001 d-vne. ' At station 191 (Crookston, Minn.) the range is 
only 0.003 dyne. At station 144 (Alexandria, La.) the range is 0.008 dyne. The average 
amount. of change in the effect of topography and isostatic compensation due to a change in 
depth from 42.6 km. to 184.6 km. is 0.014 dyne. 

GRAVITY ANOMALIES FOR VARIOUS DEPTHS OF COMPENSATION FOR STATIONS IN THE UNITED 
STATES. 

There. is given below a' table which contains the anomalies of gravity at  the 219 stations in 
the United States for various depths. 

Anomalies for various depths o j  m)apensatwn. 

I DePii.42.6 I Dept1t.56.9 1 80.0km ~ e p t h , l  Depth kd. S5.3 I Depth, 113.7 1 Depth l27.9 I DepthL;M.?5 ( Depth, l a . 6  
km. knh. km. 

Number of station - 
-0 (g!G2) 9-90 (90Tl l )  ( g L 0  

.................. .................. 1 +a031 +a019 +O.OB +0.015 +a015 
2 + .lM1 + .0?9 + .038 + .m +.027 
3 .................. + .030 + .018 + .O?S + .017 + .017 
4 .................. + .017 + .005 + .015 + .004 + .004 
5 ................. - .m + .001 - .010. - . om 
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Anomalies for various depths of coalpeiuralion.Continued . 

Depth 42.6 Depth 56.9 Depth. Depth. 8j.3 ' Depth 156.25 Depth 184.6 rd. Id . Im.o!anl km . I ' sL . lii . 

. . 052 . . 041 . . 052 1- . 051 1- . M2 

. . 015 . . W3 . . 614 . . 013 . . GiTd + . a37 + . 045 + . iB4 + . 1134 + . a37 - . 012 - . 002 - . 013 - . 013 - . 005 - . 019 - . 001i - . 017 . . 016 - . O O i  l l l l l  

..m4 + . oas 

. . 001 + . 040 + . Gu6 
+ . 004 + . 0?5 
- . 003 - . 014 - . 051 

+ . 037 + . 010 - . 042 - . n12 + . 003 

- . 046 - . 005 + . 015 - . 017 
- . 014 

+ .OM - . n04 - . f116 - . C?1 - . 021 

- . 00s + . 025 + . 002 + . 0r1 - . 019 

111 ................. 004 -- .  016 
112 ................ + . 037 + ,.0?5 I- I ................--. - - .  113 021 M3 

119 ................ + . 0 3  + . 011 + . 03 + . 012 + . 013 + . 0?4 + . 015 + 0'23 + . OlS + . 01;J + . 021 + . U21 .+ . 011 . --. .. . -- .  --. --. 120 ................ + . 002 -- .O1 o . +  003 009 OOS 000 ..om 001 -.. 00 ..001 001 002 001 

121 ................ + . 012 . m + . 012 + . 
. . 122 ................ + . ~z + .o1o + m + 

13 ................--. (XI1 --. (lL3 -.. 031 -.. --. -.. --. --. -.. --. --. --. --. --. ... --. - - .  --. --. 1% ................--. 014 --. 026 011 027 0'37 --. --. .. 031 --. --. 0.7'1 0.75 034 
. .. .. . .. .. ................--. .. .on 01s / -  .. .. . .. .. 

114 ................ 
115 ................ 
116 ................ 
117 ................ 
11s ................ 

--. OW --. 019 --. 019 --. 014 -.. 0?3 + . 039 + . 02s + . 029 + . 011 + . 032 I I I I  - - .  - - .  -- - - .  O?O 031 -0% 019 ..0?!3 + . 0% + . W 
+ . 014 + . 013 + . 018 

--. 0?0 --. 026 --. 022 + . Dl1 + . 035 + . M0 I I ..019 ..025 --.C20 + . 011 --. 009 

+ . 002 + . 031 + . 000 

+ . 012 + .OM 

+ . M)9 + . w5 + . 019 

--. 027 --. 026 - - .  02s --. 030 -.. 29 + . 035 + . 0.10 + . 03s + . 03s + . 0?9 I I I I  - - .  - - .  --. 025 021 023 --.022 --.0?1 . 000 --. 006 

--. 003 + . 1x35 + . 009 

.. 020 

. -001 

..013 + . w + . 022 

+ a MI1 
-- -007 

- - . O X 4  + . KM + . OOS 

.. 032 --. 00s 

..O% + . a3s + . 017 

.. 026 --. 007 

..019 + . ms + . 016 

.. 006 . + 002 

--.OW + . 0.16 + . 021 

--. a37 --. 007 
.. 026 + .MI + . 0?2 

.. 037 --. 003 

..OM + . 013 + . 022 

- - .  015 
-. -007 

--.Ol2 + . 037 + . @l2 

--. @39 
-- .OW 

..02S + . 1x9 + . 021 

.--. 048 --. 013 

.. 034 + . ms + . 023 

--. M7 --. 013 

.. a 3  + . 039 + . 024 
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Anomalies for vatious depth hsj compensaiion-Continued . 

Number of station 

141 ................ 
142 ................ 
143 ................ 
144 ................+.OM 
145 ................ 
146 ................ 
147 ............... 
149 ................ 
149 ................--. 
150 ................ 

' 

-0.009 + . 019 + . 0% 

+ . 0% 

+ . 017 + . 029 + . 001 
010 

-0.021 + . 007 + . 016 --. 006 + . 016 
+ . 005 + . 017 --. 011 --. 022 + . 0171+ . 005 

4.W + . 019 + . OZi + . 005 + -027 

+ . 016 + . 027 
--.001 --. 011 + . 016 

--0.019 + . + . 017 --. 006 + . 016 
+ . 005 + . 016 
--.Ol2 --. 024 + . 005 

--0.01s + . 00s + . 015 --. 005 + . 016 
+ . a05 + . 016 
..012 --. WA + . 005 

--0.W7 + . 020 + . 027 + . 003 + . 024 

+ . 014 + . 0% 
..OM .. OIS + . 013 

070.016 + . 011 + . 018 --. 006 + . 015 
+ . 005 + . 015 .. 015 --. 027 + . OM 

--0.00s + . 019 + . 0% + -002 + . 022 
+ . 011 + . 021 
.. 010 --. 023 + . 010 

--0.014 + . 013 + . 020 .. 004 + . 016 
+ . 005 + . 015 
..Ole --. 0?9 + . 004 

--O.oOS + . 019 + . 025 
+.MI + . 020 
+ . 010 + . 019 
..012 
--.026 + . 009 

.0.!?13 + . 014 + . 020 .. COl + . 015 
+ . 005 + . 014 .. 017 
--.031 + . 004 

.0.00s + . 018 + .OW .. 001 + . 018 
+ .Ow + . 016 
..Ole 
--.030 + . 006 

.O.Oll + . 016 + . 021 

..Ow + . 016 
+ . 005 + . 014 .. 018 
--.02 + .OM 

.O.OlO + . 01s + . 022 .. 002 + . 016 
+ .OM + . 013 
..Om 
..035 

.O.ooS 
+ . 019 
+ . 023 .. 001 
+ . 017 

. + 005 + . 014 
..019 .. 0 4  + . 002 + . OOc 
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SUMMARY O F  MEAN ANOMALIES FOR VARIOUS DEPTHS O F  COMPENSATION AND THE VARIOUS VALUES OF  
EQUATORIAL GRAVITY. 

I I , I 

Depths of compensation. .............................. 42.8 km. 1 56.9 km. I 60.0 km. 1 85.3 km. 

Depths ofcompensation ............................... 113.7km. I 127.9 km. I 156.25 km. 1 . 154.8 k s .  
I 

Equatorial \-due 01 gravity.. ........ .. ... .. ........... 978.03r) I- 

E a r  value 01 gravity.. ........ .:. ............. 57% 030 975.041 

- .  
tions omitted) ....... -1.. .......................-...... + .OM 

~eansnomalies without reaard tosirm.aU stations iSe3ttlesta- I - .  
tlons omitted).. ....... .r.. .................... :. .......... .i .Om 

97S.O3I, O7& (g0 -- i +a 009 a 000 

1 .017 + .Oa9 - .001 
.om .om 

978.030 

+O. 010 

........-. .......... 
.016 
0. OM 

.000 

.Om 

+ .001 
.019 

........... 
Mean anomdles without regard 6 s'ign. uang goups.. 
Mean anomdies with regrd to 6i-n using poups.. ....... ..........-.. Mean anomalias with rogard to SIP all stations. 
Mean anormlies without re d to sjgn, all skations.. ....... .. 
Yean anomnllas w i t h r e a o  sign, all stations (Seattle sta- 
tions omitted) ......................... ...... .............. 

Mean anomdles without regard to sign, all stations (Seattle sta- 
tions omitted). .. : ........ .... ........................... 

The names, devations, and locations of the stations are given in the table on pages 50-52. 
The values of g-go for any depth are obtained by combining the correction for topography 
and compensation for that depth given in the table on pages 100-102, with the correction for the 
elevation of the station and the theoretical value of the gravity for the latitude of the station 
cornputid by the Hehe r t  formula of 1901, which are given on pages 50-52. In this formula the 
value of .the first term is 978.030. This is the value ,in dynes of the intensity of gravity a t  the 
equator. In  order to get the Hayforcl 1912 anomalies (which were computed by a formula 

is the same as. that of Helmert of 1901, escept.that the h t  term is 978.038), ttdd alge 
braically -0.008 to the g~g, values. For instance, the value .of g-gc for station 25 and the 
depth 43.6 lim. is - 0.005. The 1912 anomaly will be - 0.013 dyne. 

The differenceat a station between tlievaluesof g-g, for any two depths isof the same.amount, 
but of opposite sign, to the difference between the effects of topography and compensation for 
the same depths in the table on pages 100-103. 

The clifferences, g-g,, between the observed .gravity and the computed gr:~vity using a 
depth of compensatioa,of 42.6 km. and the Helmert 1901 formula are shown in the second 
column of the preceding table. The mean value of g-go for this depth was found to be +0.012 
dyne. In  obtaining this mean groups of stations within limited areas were combined nnd each 
group given unit weight. The third column of the preceding table conkins the anomalies for 
the depth 42.6 lim. after the meanof the second column, +0.012, has been applied as s correction 
to the first tern1 of Helmert's formula. These are the most probable ano&&es from observn- 
tions in the United States if a depth of compensation of 42.6 lim. and a flattening of 11298.2 are 
assumed. The anomalies for the other depths were obtained in a similar manner, except for 
the depth 60.0 km. The anomalies for this depth were obtained from the analytica.1 solution 
l c  on page 123. 

The use of 94 additional stations in the United States has changed the value of the first 
tern1 of the United States Coast and Geodetic Survey gravity fomuln of 1912, based on a depth 
of 113.7 km., only from 978.038 to 978.036. The lowest value of t.lle first tern. of the gravity 
formula as obtained in the preceding table is 978.029 for the depth .of 184.6 km. . 

If individual stations are investigated, it will be foullcl that those st:ttions which nre in 
mountainous regions and dong tho coast near deep water have the greatest range in the values 
of g-gc in the preceding table. 

At  the end of the table there is given a summary of the nlean anomalies for various 
depths of compensation and t.he severd values of equatorid gravity. This shows that the mean 
anomaly with regard to sign when stations near together are combined in groups has the same 
sign nnd is wit.hin 0.001 of the meal1 of all stations for each depth. I t  also shows that the Seattle 
stations a t  which the anomaly is - 0.093 for each have little effect in deciding the character of 
the results. For the purpose of c.omparison the means with regard to sign are given below for 

978.040 
-- 

G. 000 .................... 
.000 
.020 

.......... 

.......... 

.019 
+a 012 
+ .Ol2 

,022 

+ .013 + .001 

.016 
a 000 
.OW 
.020 

+ .001 

---- 
.018 

+O. 011 

+ .011 
.021 

+ .012 
021 , .019 .Om 
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the .formula derived from the investigation of which special publication No. 12 is a report. 
It has 978.038 as the first term, which is also the value of gravity at  the equator. 

The solution by .least squares which gave from data in the United States the theoretically 
best  due of gravity a t  the equator and the depth of conipensation is discussed on pages 123 
and 124. I11 the above table there are given the vdues of the anomrl.lies for the depth thus 
determined, 60 km., although the depth, 56.9 lim., gives nearly the same set of values. 

The summary alone gives no strong evidence in favor of any one depth of compensation, 
for the means witliout regard to sign have little change from one depth to another while the 
mean with regard to sign is made the same (zero) for each depth. 

The means with rdgard to sign of the anomalies for the different depths based upon the 
United States Coast arid Geodetic Survey forniul~ of 1912 are given in the following table: 

Mean a m m l i e s  for variaus depths, baaed upon the United Slntca Coast and Geodetic 6'- formula of 1912, 
yo=97S.0S8 (1 +0.005502 ail? 9-0.000007 sinB 29). 

This table is instructive only in showing how the computed value of gravity increases on 
an average with the depth of compensation. 

T H E  RELATION BETWEEN T H E  DEPTH OF COMPENSATION AND THE TOPOGRAPHY. 

Depths of compensation. ... ...... ................ 

Mean anomaly with regard to s i p  usin group .............. 
~ e a n  anomaly with regard to sim: for a71 stat~ons.. .......... 
Mean anomaly with regard Lo sign, omitting Seattle statiolls.. 

While the mean anomalies with a.nd without regard to sign, as shown in the summary above 
and the one on page 67, do not give any intimation as to which depth is the most probable.one, 
the tables given below do seem to throw some light on this question. 

The first part of the table shows the anomalies for the coast stations for the several depths, 
the second part has similar data for the mountainous stations below the general level, and the 
third one gives the data for mountainous stations above the general level, while the fourth 
mid fifth part-s of the table give the data for the stations near but not on the coasts and in the 
interior not in nlountrtinous regions, respectively. The computed value in each case from which. 
the anomalies were obtainecl depends upon the theoretical value of gravity at the equator, as 
obtained from dl of the 218 stations for the particular depth. 

60.0 km. 

+a002 ....:..... .......... 

42.6 km. 

+&OW + .W + .005 

56.9 km. 

+0.003 + .Om + .004 

85.3 km. 
------- 

+a001 
.000 + .001 

H q f m d  anonuclies for various depth  of eompensatw?~ arrangedin groups accolding to topography. 

. Station number 

Twenty-seven Coast stations i n  the urder of their distances 
from the 10Wfathom line: 

54.. ........................ .-.-.. .............. 
1s .......................... i .......................... 
80 .... ................................ ............... 
W... .................................................. 
93 ..................... .... ................... 
I ..................... .... ........................ 
125 .................................................... 
8 ..................... .... ........................... 
126 .................................................... 
215 ............................................. 
149 .................................................... 
184 .................... .... .......................... 
127 ................................................... 
5 ...................................................... 
4 ...................................................... 
27 ..................................................... 
26.. ................................................... 
66... ....................... ..................... 
2 .................................. .. .................. 
161 ................................ .... ................ 
3 ......................................................~ 
29 ...................................................... 
30 ...-................................................. 
17 ................................................. ' .  
7 ...................................................... 
159 ....-........................ ...... ................ 
1?S ................................ .. .................. 

Mem f l th regard to sign.. .............. .. ........ 
Mean xtri~hout regard to sip. .  ....................... 

113.7 km. 

-0.002 - .003 - .002 

lm.9 L C .  

-0.03 - .a - .m' 

43.0km. 
-- 

-0.005 
-.W4 - .[I10 - .(W7 + .O le  
+.019 
- .016 
+.031 - .014 
-.WB 
-.023 - .W9, - .004 - .no9 
+.OU5 
+.025 + .027 - .049 + .029 - .015 + .01S 
+ .OW + .om - .a15 
- . 008  + .on9 - .012 
- .002 

.a17 

Hapford 

56.9km. 

-0.010 
-.OM - .a10 - .(W9 + .015 
+.015 - .01S 
+.030 - -016 
-.m 
0 %  - .010 - .CQ7 - .OIO 
+.004 
+.025 + .037 - .049 + - .016 + .017 
+ .OD5 + .009 - 0 
-.ON + .on7 - .013 
- .OW 

.017 

anomaly 

S5.3km. 

-0.017 
-.a14 - .011 - + .013 
+.010 - . O m  
+.02S - -019. 
-.O% 
-.om - .a11 - .a10 - .o i l  
+.002 
+.025 + .026 - .049 + .on - .018 + .013 
+ .OW + .007 - .nis 
- . W  + .m - .013 
- .m6 

.a17 ---- 

156.Skm. 

-0.006 - . ~ 7  - .006 

184.6km. 

. - 0 . m  - .010 - .m 

for depth of 

113.7km. ------ 
-0.031 
-.a19 - .011 - -048 + .a12 
+.OW - .021 
+ .W 

. - .020 
-.On 
- .m.  - .a13 - .Ol2 
.- .oil 
+.oOa 
+.W4 + .@36 - .@@ + .a20 - .019 + .ul2 
+ .M7 
+ .@I7 - .nl9 
-.no7 + .mi. - .013 - - - -  - .m7 

.OlS --___-=--- 

compensation of- 

lN.6km. 

-0.027 

- .(Qg - -051 
+ .ole 

+ . m , . , + . m  - .m4 
.+.(wIJ - -023 
- . a 0  
-.M14 - -011 - 
- .a11 
+ .mi  
+.= 
+ . a 5  

a - -050 + .015 - -021 
+ 
+ 
+ ; ~ 5  - .ON 
- .m - .w - .olz 
- -009 

.018 

137.9km. 1 156.Skm. 

-0.033 
-.03 - ,010 - .048 + . O l l  
+ . M 5  - 3 
+.028 - .El 

. - . , W  
-.a31 - .Ol2 - .014 - . o n  
+ .ml  
+.0% + .a5 - .04g + .019 - .O% 
+ .ole 
+ .006 
+ .Om - .om 
-.((I7 

.ooo - .a13 
- . 0 0 ~  

.01S 

.-a025 
-.a - .010 - -049 .+ .Olo 

- .OW 
+.O% - .022 
-.Om 
-.032 - .012 - .a15 - . o n  
+ .ml  
+.m 
+ .m - -049 
+ .017 - .o21 
+ .00g 
+ .006 
+ .006 - .020 

.-,006 - .m - .ola 
- -009 

.01S 
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ITayjord a?wn~alics for various depths of con~pemalion a m g e d  i n  groups according lo topographly-Continucd: 

Station number 

Thir ty&~ stations in m&tainous re ions and below the 
y 1  level arranged in the order 0s their distanm be- 
ow the general level: 

70 ..................................................... 
158.. .................................................. 
105 .................................. ... . . . . .  
202 .................................................... 
67 .................................................. 
153 .............................................. 
210 .................................................... 
17.5 .................................................... 
15a ................ ... ............................... 
65 ................................................... 
176 .................. .... .......................... 
131 ...................... .... . ......... ......... 
155 .................................................... 
201 ..................... ............. .............. 
63 ................................................... 
1% .......................... ...... ................... 
113 ............................ ......... . . . . . . . .  
130 ................................................... 
112 ............................................... 
110 ................................. .... .............. 
111 .................................................... 
117 .................................................... 
115 .................................................... 
109 .................................................... 
82. .................................................... 
45 ..................................................... 
194. ................................................... 
431 .................................................... 
195 ................................... .... ............... 
49'..................................................... 

44 ...................... .. ........... ... ............... 
79 ..................................................... 
7s ..................................................... 
.BB ..................................................... 
48 ..................................................... 
47.. ........................... .... ................... 
Mean with regard to atpp.. .......................... 
Mean without regard to sign.. ...................... 

Twemty .stations in mountainous reeions and above the 
levelarrangedm the orderoftheir distanceg above 

he enemllevel.. F 1d. ................................................... 
71. .................................................... 
116 .................................................... 
101.. ..... ....................... ..................... 
52 ..................................................... 
51 .................................................... 
a... .................................................. 
152 ................ .... ............................... 
50 ..................................................... .......--............................................ 
64.. ................................................... m... .................................................. 
86 .................................................... 
103 .................................................... 
75.. ................................................... 
BS ..................... ..... ....... ................. 
114 .................................................... ..................................................... 
102 .................................................... 
43 ..................................................... 

Mean A t h  regard to sign. ........................... 
Mean without regard to sim.. ...................... 

Forty-six stations nesr the coast, in the order of their d i s  
trances from the open mast: 

157.. .................................................. 
31. ..........................-.......................... 
25 .......................... ..... .................... 
93.. ................................................... 
217.. .................................................. 
23 ............................................... 
25. .................... ............................... 
160.. .................................................. ..................................................... 
124 ............................................... 

12.6 km. 

+am - .M)5 - ,017 
+.OB 
+.004 

-.Ol9 
- . m 7  - .019 - .027 - .005 

-.023 - .021 - .Ol9 
+.O% 
+ . W  

+ .MI 
-.a93 - .00S + .G?5 - .004 

-.016 + .a31 - .W + .ma + .022 
+ . a 9  

+.006 + .024 + .008 

- .@20 - .om 
- . 004  

-000 
+.019 - .032 

.000 

.OlS 

-.m 
+.Om 
+ .ma 
+.OG 
+.Ol9 

+ .(W3 
+.026 
+ .013 
+.023 + .037 

- .036 
C.028 
+.W 
. +.W7 

+ .015 
+.011 

Haylord 

56.9 km. 

-am1 - -007 - .017 
+.023 
-.001 

-.020 
-.am - -019 - .027 - .Me 
-.Om - .021 - -019 
+ . m 5  
+.009 

+ .053 
--.a1 - .03s 
+ .028 - .m 
-.Ol9 + .034 - .007 + .034 + .Om 

+ . m 7  
+ m o o 6  + -003 + .024 
+ .010 

- .017 
+.COl 
-.m1 - -001 
+.0= - .027 

.OoO 

.018 

-.011 
+.Ole - .om 
+.045 
+'.015 

+ .ms 
+ . m 1  
+ .MX) 
+.01!j 
+ . ~ 4  

- .m 
+.Om 
+.016 
-.Ol2 
+.m 
+ .012 
+ . ~ 1  

+ .057 + .W8 +.032 +.019 +.013 +.m 

anomaly 

85.3 lim. 

-a0013 - -011. - .018 
+.023 
-.006 

-.O2l 
-.m - -021 - .031 
.OW 

-.022 - .Om - .019 
+.m 
+.009 

+ .054 
-.m - .037 
+ .032 - .010 

-..M3 + .037 - .m 
+ .034 + .OlS 

+ . ~  
+.010 - .001 
+ .m 
+ .ol2 

- 0 4  
+.W +.om - .005 
+ . O N  - . ----- 

.'Coo 

.019 

-.Old 

- .012 
+.w + .m 
+ .mo 
+.013 
+ .am 
+.m 
+ .ow 
- .045 
t . 0 1 5  
+.011 
-.o21 
+.057 

+ .m? 
-.015 

+ .0?1 . 026 

- .a - .007 
-.017 - .041 - .005 

-.ole 
-.013 
- .006 
+ . @ 1  - .026 

for depth 

113.7 km. 
-------- 

-a011 - .013 - .019 
+ . 0 2 3 .  
-.011 

-.OH 
-.a', - .032 - .032 
+.m 
- .W - .022 - .019 
+ . m 2  
+.009 

+ .058 

- .037 + .035 - .013 

-.026 + .035 - .m 
+ . a 4  + .015 

+.m 
+.013 - .On5 
+ .ml 
+ .ola 
- -014 
+.010 
+ . m 4  - .00S 
+.me - -019 

-.m1 
.OaO - - -  

-.016 
+.005 - .olg 
+.O42 
+ .ml  

+ .m 
+.m - .. 

.000 
+ .m 
- .w 
+.ol2  
+.m 
- . m 7  
+ . O s  

+ .om -.W 

+ .01R 
.023 

- .m - .007 
-.017 - . ~ a  - .m 
-.i~ijg 
-.015 - .m 
+.@4 - ... 

olcompensation ol- 

----- 
+ .009 

.019 

- .ma 
.m7 

-.017 - .043 - . ~ 7  

- .OQ 
-.Ole - .010 
+ . m  - .oag 

1S4.G km. 

-am - .018 - .in1 
+ .On  
- .033  

- .021 
-.1m - .I)% - .037 
+.om 
-.021 - .025 - .019 
+.m 
+.om 
+ .057 
-.&?I - .038 
+ .@3g - .019 

-.Om 
+ .039 - .ol2 
+ .mi + .a08 

+.ma 
+.01S - .015 
+ .013 
+ .ole 

- .018 
+.015 + .cwn - .017 

127.9 km. 

-a014 - .014 - .020 
+.G% 
-.014 

. -.OZl 
- .m - 3 - .034 
+.a03 

-.022 - .G23 - .019 
+.m 
+.009 

+ .056 
-.a - . a37 + ,035 - .Old 

-.M7 
+ .035 - .m 
+ .033 + .014 

+.ols 
+.014 - .W 
+ .olg 
+ . o n  
- .015 
+.011 + .ms - .010 

+ .03 
.Dl7 

- - - =  

- . m4 - . (106 
-.017 - .043 - .om 
- . ~ l ) g  
-.OlS - 
+.I)% - ..I 

158.55km. 

-0.017 - .01R - .020 
+.m 
-.OlS 

- .MI  
-.ms - . OZ5 - -038 
+ . a 5  

-.&?I - . o a  - .019 
+ . m 5  
+.m 
+ -057 
-.m - -037 
+ -03s - -016 

-.0= 
+ .mg - .0(18 
+ -03) + .Ol2 

+.012 
+.017 - . O l O  
+ -017 
+ -012 

- .ni6 
+.014 
+ .me - .Ol2 

+ . m 5  - . o s  
-.MI 

.021 

-,017 
+.m - .m 

+ .001 
.017 

. . 

- ... - . 0 7  
-.Ols - .ma - . oop1 
-.og 
-.019 - .013 
+ + %  - . a 3  

+ . m 5 l  +.m - -017 - .017 

1- 

- .003 - .006 
.018 / .Ol9 

-.on2 
.021 

-.018 

-.W 
+ .021 

- .n49 
+.ole 
+ .m - .m 
+.052 

- -03s - . 
-.017 - .1-~42 - . 
- .ms 
-.(Ell 

- . O W  
.022 

-.Ol9 

- .(WJ - .00j 
-.018 - . n+i - .m 
- . m  
-.@"I 

- - 0 2 1 ~  - 

+ .ool - .on1 - .ma 
- . a 2  - .047 

- . W  
+ a 018 

- a 050 
+.m . + . ~ 5  
-.033 
+.051 

- 01. - . (115 + + . O B I  +.m - - .OM 

- .@I5 
+ -015 

- -052 
+.m 
+.m 
+.ON 
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nayford anotnalies for omious'depths of con~pensalioo,a arranged in groups according to topography-Continued. 

Station numher 

Fortysix stations near themapt, in the order of their die 
h c e s  from the open coast--Continued. 

I S . .  --.-..--..-------.---.-.-.-...-.................. 
148. ................................................... 
81 ..................................................... 
147 .................................................... 
150 .................................................... 
146 .................................................... 
213 .................................................. 
173 .................................................... 
XM .................................................... 
21 .................................................. 
22 ..................... .. ............................. 
163 .................................................... 
145 .................................................... 
84 ..................................................... 
216 .................. ... .............................. 
144 .................................................... 
212 .................................................... 
214.. .................................................. 
91. .................................................... 
9 ...................................................... 
65 ..................................................... 
97.. ............... .... ....... t-. .................... 
1 3  ................................. . . . . . . . . . . . .  
16... .................................................. 
10 .................................................... 
11 ...................................................... 
19 ................. .. ................................. 
151 .......................... .. ........................ 
219. ................................................... 
162 .................................................... 
165.. .................................................. 
32 ..................... ..... ................... 
94. .......-............................................ 
62 ..................................................... 
106 .................................................... 
6 .................................... ................. 

Mean with regard tosign.. .......................... 
Yean without regard to sign.. ...................... 

Eighty+even stations in tbc interior and not in mountain- 
our repio~~s, sn'auged in the order of elemtion: 

Hayford anomaly for depth ofcompensation of- 
- - 

42.6km. 

167 .................................................... 
95 ..................................................... 
1m ........... .............. .............. 
85 ..................................................... 
13 ..................................................... 
142 .................................................... 
87 ..................................................... 
141.......... ........................................... 
132.. .................................................. 
35. .................................................... 
38.. ................................................... 
18 .................................................... 
120.. ... ;. ............................................. 
170 .................................................... 
89........... .......................................... 
174 ......... ..........-..... ..............-... 
177 ................................. .... 
179 .................................................... 
36 ..................................................... 
1%. ................................................... 
104.. ............................................... 
135.. ........................ ... ...... .. . 
143 ......................................... .. 
134..-. ........................ ... ............ 
166.. .................................................. 
1S.1 .................................................... 
207. ...................................... 
14.................................. ................... 
33 ..................................................... 
m..... ............................................... 
137.--.- ............................................... 
178. ................................ .. ................. 
73 ..................................................... 
136 ..................... ......... ............ 
a1 ............................ ... ................... 

56.9km. 

-.009 + .wl 
+.O15 
-.om 
+ .W 
+ .014 
+.023 
-.013 - -023 -.oos 
- . m + .013 - .w 
+.W 

- .m1 
+ . m  
- .m 
-.005 
-.a13 

-.@a - -023 
+.o?o - -025 
-.om 
+.018 
- .M7 
+ . m  
- . W l  
+ . m  

+.OW 
+.m 
+.W7 
-.OlO 
-.m 

85.3km. 

-.014 - -005 
+.010 
-.016 + .024 

+ . 0 7  
+ . 0 3  
-.0?1 - .026 
-.o12 

- .010 
+ .011 - .a10 
+.W5 
-.m 
-.029 
-.OW 
-.ON 
-.I211 
-.019 

- .Mi - .024 
+.016 - . O?S - .ml 

+.013 
-.a27 
+ . m  - . m  
+.mi 
+ . m 1  

.000 
+.OM 
-.013 
-.m 

113.7km. 
------- 

+ .017 4 

+ . 0 0 5 .  

+.a + .015 
-.ODs 
+.036 
+.W7 

+.039 
+.005 + .Ole 
+.037 
+.008 

- .OX 
+ . M S  
+.037 
+.037 
-.W 

+.m - .015 
-.W3 + .015 
-.010 

-.o13 - .013 
+.W 
-.W + .MI 

-.ON 
- . W l  
-.019 + .037 
-.016 

+.015 

+ .00a 
.0?0 

-.007 
. + .007 

+.01Y - .m5 
+ .@j5 

+ -016 
+.W4 
-.011 - -022 
-.OM 

.000 + .017 - .m 
+.010 
-.016 

-.NO. 
+.me 
-.i)21) 
- .m3  
-.OH 

- .M1 - 
+.m - -023 - .021 

+.MO - 
+.m 
+ .Wl  

. + . a 5  

+.006 
+.m 
+.m 
-.a09 
- , W l  

1M.6km. 127.9km. 

.a00 + .015 
+ .m 
+ . m  + .015 
-.010 
+.(I35 
+ . B S  

+.w 
+.m + .015 
+ .WS 
+.m 
-.(MI6 
+.M7 
+.037 
+.W8 
- .Wl  

+ .m - .Ol2 
- .MI  + .017. 
-.w 
- . O l O  - .012 
+.028 
-.046 
+ .021 

-.Ma 
-.W1 
-.017 
+ . E 3  
-.013 

+.017 

+ .mi . 020 

+ .016 
+.OD5 

+.ON + .015 
- .OO9  
+.036 
7 

+.om 
+.a + .Ole 
+.038 
+.MW 

-.006 
+.WS 
+.W7 
+ .WS 
- .025 

+.a05 - .014 
-.04? + .016 
- .W 

- . o n  - .012 
+.0?9 
-.OM 
+ .021 

- 
-.O?1 
-.018 + 5 
0 

+.OM 

+ .om .om 

- . m  
+.om 
-.ow 
+ .037 

+ .01g 
+.Mj 
- .M)Q - .oa 
-.om 
+.m + .019 - . ~ ) 1  
+.011 
-.014 

-.m 
+ . m  
- .o ls  
-.m 
-.a 
-.bn - -021 
+.023 - - -031 

+..m 
-.we 
+..m 
+.m 
+ . a 7  

+.007 
+.MW 

+.$11 
-.W 
-*a 

-.013 - .(lo3 
+.011 
-.(I14 + .Mr) 

+ .llM 
+.@a 
-.(I19 - .025 
- 0 1  

- .om + .019 - .mg 
+ .me 
-.m 
-.om 
- .ool  
-.IJZS 
-.010 
-.OM 

- . 035 - .@4 
+.017 - . o s  - . (121 
+.014 
7 
+ .m 
-.(lo4 
+.048 

+.001 
+.001 

+ . m  
-.012 .. 

156.25km. 

- .OF + .01a 
+.Go4 

+.005 + .015 
-.a09 
+.a36 
+.We 

+ .MI  
+.a + .016 
+.039 
+.w7 

-.004 
+ . a 8  
+.038 
+.WS 
-.OlS 

+.ill1 - .OlO 
- .MI + .017 
- .m 
-.m - 0 1  
+.027 
- .M7 
+ 
- . 0 2 3  
-.O21 
-.015 
+ .W 
-.011 

+.018 

+ .mi . 0?0 

-.013 
.OW 

+.019, 
-.(I11 
+ .029 

+ .011 
1 
-.016 - .024 
- .m 
- 
+ .013 - .om 
+ .m 
-.019 

-.m1 
+ .wl  
-.o?tj 
-.007 
-.016 

- ..oar - ..A 
+ . o l ~  - .@7 - .om 
+.OM 
-.027 
+ . w 7  
- . 0 3  
+.&O 

+.W1 
+.m 
+.m 
- 0 1  - .  

-.010 + ,003 
+.015 

+ .032 

f -013 
+.0?3 
-.014 - -023 
-.@I7 

- -003 + .01a - 
+.m 
-.Ols 
1 
+.m 
- .m 
- . m  
-.Old 

- . - .oz2 
+.om - ..A - . 
+.017 
-.(I27 
+.m 
- .Wl  
+ . a 2  

+.003 
+.m 
f .007 
-.OlO 
-.()a1 

- .012 + .014 
+ .m 
+.ON + .014 
-.010 
+ . a 5  
+.W9 

+.&o 
+.OM. + .015 
+.039 
+ . m  
-.W 
+.M7 
+.WS 
+.037 
-.017 

+.o12 - .OW 
-.OL3 + .016 
-.006 

-.oo7 - .012 
+.037 
7 + .021 

- .On 
- 2  
-.015 
+ .W3 
-.011 

+.019 - -  
+ .mi 

.o?O ----- 

- .OlS - .PA + .014 
+ . m  
+.a. + .015 
- .W 
+.a30 
+.OM 

+ . M I  
+ . m  + .Ole 

+ .014 
+.m 
+.tm + .015 
- .005 
+.a36 
+.040 

+ . M I  
+.m + .017 

+.038 
+.a37 
-.015 

+ . O N  - .007 
-.Ol2 + .017 
-.w1 
-.m - .012 
+.026 
7 
+ .m 
-.W 
-.O31 
-.013 
+ .W3 
-.a09 

+.MO 

+ .mi 
. .0'21 

+.WS 
+.037 
-.014 

+ .o l6  - .005 - .Ma + .017 
- .m 
-.a - .Ol2 
+.PA 
-.OU + .m 
- .O!B 
-.O31 
-.013 
+ .a32 
-.OOS 

+.m 
+ .WI . 021 



110 U. S. COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 40. 

Hayford anomalk  for r:arioris depth  of comnpensatio~i arranged i n  groups according to topography-Continued. 

The mean value of the anomalies wit11 regard to sign for the extreme depths for the coast 
stations is - 0.002 for a depth of 42.6 km., and - 0.009 for the depth of lS4.6 km. The inter- 
mediate depths have values 'which fall between those two. This is an indication that at  
the coast the smallest depth is nearest the truth. These stations show a negative mean value 
for each depth which agrees with what are called the Hayford 1913 anomalies. (See p. 63.) 
Tbis is as might be expected on account of the lighter material in the Cenozoic formation which 
is generally present along the coast. (See y. 76.) 

The second table shows mean anomalies with regard to sign which are very close to zero.. 
These are at  stations in mountainous regions below the general level. The total range is 
only 0.003. There is'no one depth which seems to be much more probable than any other. 

The third table shorn that the means with regard to sign for the mlomalies nt mountain. 
stations above the general level have a total range of 0.027. They vary from +0.021 for depth 

Station number 

Eighty-seven stations in the interior and not in mountain- 
ous regions arrsnged in tho order of elevation4ontd. 

121 .................................................... 
12 ..................................................... 
59- .................................................... 
34 ..................................................... 
..................................................... 

191 .................... ................................ 
133 ....................................... ... 
37 ..................................................... 
39 ..................................................... 
154........ ............................................ 
171 .............. .-.... .............................. 
1%-...- ............................................... 
140. ................................................... .................................................... 
lm....... ............................................. 

Hayford anomaly 

2 . 6 .  1 9 .  m .  

for depth of 

113.ikm. 
- - - _ _ _ _ ~ ~ >  

+0.004 
-.025 
+ .m l  
-.017 
'+.m 
+.013 
- .m - .OM 
-.011 

- .037 + .038 + .018 
-.@5 
- . ( N O  

0.000 
-.NO 
+ .a13 
-.0?? 
+.%4 

+.I l l5 
-.0?3 - .Mi  
-.@21 
-.a33 

- .ON 
+ .033 + .I l l5 
-.030 
-.043 

+.013 
+.W 
+.019 - .0?1 
+.W 

+ .017 
-.@I$ 
-.IN6 
-.WA 
--.OW 

+.Ol1 
-.050 

- .a47 + .013 

+.M4 
+.OW 
+.025 + .W 

. + .Ol6 

+ .040 + .016 + .020 
+.m 
+.OW 

+.ON 
+.021 
-.W 
+ .MI  
+ .w 
+.W + .020 + .017 
+.037 
-.004 

-.015 
-.Dl0 - .014 -----.- 
+ .ooi 

.019 

12 2 .............. :.... ................................ 1 +.OlO 
200.- .................................................. +.W 

compensation 

127.9km. 

+0.001 
-.0?4 

. + .oz? 

. - .017 
+.@2 

+.015 
-.02g - .m 
-.013 
-.M7 

- 7 + .038 + .019 
4 .024 
-.NO 

+0.001 - + .014 
-.020 

. + . & t i  

+.007 
-.OX - .a. 
-.019 
-.m1 

- .026 + .034 + .015 
-.029 
- . 0 4  

+ . O l l /  +.Oil 

1% .................................................... 1 
15 .................... ........ ...................... 
197 --...--.............................................. 
119 .................................................... 
1s .................................................... 
m..... ....................... ........ . . .  
au- ................................................... 
10s .................................................... 
1% .. ....................... ......................... . . .  ........................................... 
218a-.-. 
Is-.. ................................................. 
139... ............................. .. ................. 
I%... ............................................ 
80 ..................................................... 
5s ..................................................... 
IN... ................................................. 
118 .................................. ... . . .  
67 ......................... .... ....................... 
40. ................................ .. ........... 
107 ................................ ..... . 
m....... ............................................. 
76 ..................................................... 
190 .................................................... 
192 .................................................... 
61 ................................... .. . . . . . . . . .  
77 ........................... .... ................... 
72 ..................................................... 
193 .................................................... 
208 .................................................... 
167 .................................................... 
1s  .................................................... 
83- .................................................... 
100 ....... ............... ........................... 
41 ................................................... 
89.... . . . .  ................ .......................... 

Mean with regard to sign ............................ 
Mean without l e w d  to sign.. ....................... 

+.013 
+ . O M )  
+.O?O - .on 
+.@I9 

+ .OlS 
-.047 
-.OM 
-.OB 
-.w 
f.015 
-.Dl9 

- 6 + .Old 

+.015 
+ . 0 4  
+.025  + .036 + .017 

+ .039 + .01i 
f .026 
f.004 
+ . m  
+.OM 

-.W 
f .032 
+ . a d  

+ . W  + .OM + .018 
+.037 
--.W 

-.015 
-.OlO - .015 

+ .mi 
.019 

+0.002 
-.M7 
+ .017 
-.019 
+ . G S  

+.010 
-.(I27 - .m 
-.Ole 
-.m 
- . 
+ . a 5  + .016 
- . O S  
-.043 

+ . O N  
+.014 - .021 
+.W 

+ .012 
- . & 3  
- . O r ) 9  
-.O% - 
+.011 
-.053 ................................................................................................................................... - .049 + .Ol2 

+ . W  -.m 
+.OX4 + .029 + .008 

+ .MI + .011 + .026 
-.OM 
- .mi  
+.Old 
+.014 
- .028 
+.0?3 
+.033 

+ . E 7  + .ON + .013 
+.035 
-.OOG 

-.017 
-.Om - .013 

- .00a 
.Ol9 

computed. 

+.013 - .(I21 
+.OM 

+ .011 
-.&? 
-.010 
-.025 
-.011 

+.010 
-.M 

- .. + .012 

+.OW - .w 
+.023 + .027 + .006 

+ .042 + .MS + .027 
-.OM 
-.W 

+.013 
+.Ol2 
-.02i 
+.MO 
+ . m 2  

+.M5 + .oin + .01? 
+.a34 
- . O O S  

-.019 - - .013 

- . on3 
.01S 

a Not 

of- 

15e.?jlm. 

+O.OOF 
- .022 
+ .wz.j 
-.016 
+.a 
+.017 
-.NO - .001 
-.010 
-.a38 

- W . + .WO + .0?0 
2 
-.MS 

+.@I6 
+.016 - .OB 
+ .W 

+ .015 
-.a50 
-.WS - 
-.007 

+.012 
-.051 

- .048 + .012 

+ . 0 1 1 '  
-.m 
+ . W  + .031 + .012 

+ .(NO + .013 + .O% 
+.001 
+.m 
+.Ole 
+.017 
-.028 
+.O% 
+.m 
+.a30 + .OM + .014 
+.a36 
-.a 
-.Ole 
-.OLD - .014 

- . I  
.019 

lS4.6km. 

+O.M 
--.OM 
+ -0% 
-.fils 
+ . ~ 7  

+.OM 
- .MI 

,000 

-.038 

- .028 + .042 + .m 
-.m 
-.037 

0 1  
+.012 
+.W23 - .021 
+.011 

+ .021 
-.046 
-.004 
-.023 

.000 

+.017 
-.M 

- .IN4 + .015 

+.ON 
+ . w 7  
+.027 + .MS + .a1 

+ .Or0 + 2 + .@7 
+.MI7 
+ .W 

+.M3 
5 
-.027 
+.OM 
+.a35 

+.036 + .@a + .WO 
+.WQ 
-.a 
-.014 
-.GO9 - .015 

+ .We 
.020 

+.Ole 
+.Old 
+.W5 - .021 
+;013 

+ .on 
- . M 4  
-.m 
-.M 
+ . O M  

+.Ol9 
-.046 

- .043 + .Ole 

+.021 
+.ole 
+.OB + .010 + .W 
+ .(Nl + .a + .025 
+.W 
+.o10 

+.W 
+ . O S  
-.W 
+.038 
+ .m 
+.037 + .oa3 + .Ma 
+.039 
-.W1 

-.014 
- .W - .017 

+ .OM 
.02l 
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Depth OF Compensat/on filomefers 
FIG.  5.-GRAPHIC DETERMINATION OF T H E  MOST PROBABLE DEPTH OF COMPENSATION FROM 216 STATIONS 

I N  T H E  UNITED STATES. 



Speclal Publication No. 40. 

..049 

- --- 

.048 

.04'1 
\ 

3 
?3 .046 

5 k g ,045 

Y 
? .044 

k $ .OM 

4 .OM 
v) 

.OM 

.OW) 

,039 

30 40 50 60 70 80 90 I00 110 lu) 130 140 150 160 170 180 190 
Depth o f  Compensation in K/ometers 

FIG. 6.-GRAPHIC DETERMINATION OF THE MOST PROBABLE DEPTH OF COMPENSATION FROM UNITED STATES 
STATIONS EAST OF THE NINETY-EIGHTH MERIDIAN. 
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FIG. 7.-GRAPHIC DETERMINATION OF THE MOST PROBABLE DEPTH OF COMPENSATION FROM UNITED STATES 
STATIONS WEST OF THE NINETY-EIGHTH MERIDIAN. 
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4n.G 1;m. to - 0.006 for clcptli 184.6 knl. The evidence here is strongly in favor of the grent,er 
depths. 

The stations near but not on the coast have means which are close to zero for each depth. 
The range is from + 0.002 for the depth 43.6 km. to + 0.001 for the depth 184.6 km. 

The stations in the interior not in mountainous regions have mean anomalies which ra.nge 
from - 0.003 for the depth 42.6 h l .  to + 0.005 for the clel~tli 1S4.6 km. The intermediate depths 
have means which in no case are more than 0.003 from zero. The evidence from these stations 
is slightly in favor of the intmediate  depths. 

I t  is highly improbable that there should be two depth in mountainous regions, one for 
the higher lmd  mid one for the valleys, although it is possible tha.t there may be a different 
depth in the mountainous regions than in the flat portions of the country. 

We must conclude, therefore, that a depth of 18.6 or 56.9 km. is very improbable in t . 1 ~  
m o u i t a i n o ~  regions, for the mean values with regard to sign for the stations above the general 
level are + 0.021 and + 0.016 for those two depths, respectively, while' for the stations below 
the general level the means are 0.000 and 0.000. There seems to be no evident explanation for 
this difference, aeide from the effect of the depth, ns the stations in any one of the topographic. 
g~oups clo not fnll lnrgely in any one geologic. foimation, as do the colst stations. 

The depth 1S4.6 km. gives mean values of - 0.006 for the high stations and - 0.003 for the low 
ones. While these values agree quite closely, yet they differ an appreciable amount from the 
means of all of the 319 anomalies in the whole country. 

The depth which seems to give the smdest  mean values for the two groups is 137.9' knl. 
The mean for the high stations in mountainous regions for this depth is +0.001 mid for low 
stations i t  is - 0.001. 

The data given in the table on pages 107 to 110, which show the relation between the 
anomalies a.nd the topography indicate that the depths 43.6 and 184.6 km. are not so near the truth 
as are intermediate values. They also seem to indicate that the value is probably over 100 lm. 
It is realized by the author that this conclusion is c.ontra.ry to that arrived at from the deter- 
mination of the most probable depth from the 216 stations by the method of least squares (see 
p. 123), which is 60 km; when the flattening, 1/395.2, is held h e d ,  or 70.9 km. when the 
flattening also is determined by the solution. I t  is believed that the portion of the nuomalies 
at  coast stations due to the presence of the Cenozoic geologic formation with densities less than 
normal had a considerable part in making the depth from all the 216 stations as low as 60 h. 

GRAPHIC DETERHINATION OF THE MOST PROBABLE DEPTH OF COMPENSATION. 

According to the theory of probabilities the most probable depth of compensation is that one 
for which the sum of the squares of the residuals or anomalies is a minkurn. The residuals are 
of course assumed to be due only to accidental errors, and hence are as apt to be positive as nga -  
tive. The values in the table on pages 103-105, in the columns headed g- (g, + 12), g - (go + 1 1), 
etc., were used in obtaining the s y n  of the squares of the anomalies for each of the depths. 

The sum of the squares is smaller for the smallest two depths of compensntion than for the 
other depths given in the table. The equation of the curve which most nearly fits the sums of 
the squares for the different depths was derived and its minimum point comes at the depth of 
57.1 km. 

The sums of the squares for the several depths were also plotted on figure 5, and a curve 
was drawn through the several points. The lowest point'oa the curve falls between the depths 
43.6 h. and 56.9 km., and the value of the depth at  the lowest point is 55.5 h., with nil 
ullcertainty from plotting and scaling of about 4 km. This value is only 1.6 h. from the 
minimum point of the curve as found above from its equation. 

A depth for the eastern half of the United States (east of the ninety-eighth meridian) was 
determined by plotting the sum of the squares on figure 6. The lowest point of the curve falls 
at a depth of 63 km. The uncertainty of the plotting and sc.aling is not more than about 4 hl. 

Likewise a depth was determined for the wester]? half of the United States, ns shown in 
.figure 7. Here the minimum point on the curve falls at  the depth 45 h., with an uncertainty 
from plotting and scaling of about 4 km. 
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An analysis of the table giving the anomalies for the different topographic groups (see pp. 
107 to 110) makes i t  apparent that the results a t  those stations near but not on the coast and at 
.those in the interior which are not in mountainous regions above the general level, are not more 
strongly in favor of one depth than any other. This fact causes the influence of the mountain 
stations above the general level to be less than t.he plains stations in a determination of the 
most probable depth of conipensation where all statiolls are involved. This is due to the fac.t 
that there me only 20 stations in mountainous regions above the general level, while there are 
169 stations in the groups mentioned above. 

As the mountain stations are more sensitive to a c h i g e  in the depth of compensation, it 
was decided to determine graphically the most probable depth from those stations alone, 56 in 
number. The resulting curve for these stations is shown in figure 8. The plotted points are 
the sum of the squares of the residuals or anomalies. These are based 011 a value of p v i t y  a t  
the equator so derived from all stations in the United States as to make the mean anonialy for 
the United States zero. The depth determined froni this curve is 104 h. which differs ma- 
ter idy from the depths obtained from the other three ourves (figs. 5, 6 and 7) which were 
between 48 and 63 km. 

An analytical so1utio.n of the problem was also made. In this solution the memi flattening 
was held &xed as in the graphical determination, but the gravity rtt the equator was determined 
from the 56 stations theniselves instead of from all the stations in the United States. The 
depth determined was 94.9 km., only 9 h. from the value obtained graphically in spite of the 
difference ia me thods and rtssunip tioas. 

It is interesting that the depths obtained by Hayford from deflections of the vertical in 
several groups (Nos. 14, 8, 7, and 4) of statiolis in mountaiaous~regions are 84, 66, 153, and 
55 la. The value is 97 if a straight mean for the 4 groups is taken. This agrees well with the 
values determined analytically from gravity data for mountainous regions, which for the 56 
stations is 04.9 h. 

The sullls of the squares of the anomalies, for the several depths, for the 20 stations in 
~~ouiltainous regioas above the general level were plotted on figure 9 and the minimum point 
of the curve drawn throllgli the plotted points gives the most probable depth as 134 h. This 
value is only 20 knl. different from the most probable depth obtained graphically from the data 
for all mountain stations. 

The values from the a~ial~t ical  determinations of the most probable depths of compensation 
from all of the stations in the United States, in the eastern half of this coulitry, in the western 
half, and in tlie mountainous regions agree well with those from the graphic solutions dis- 
cussed above. See pages 113 to 131 for the analytical determination of the depth of compen- 
sation, the flattening of the earth, and the theoretical value of gravity at the equator. 

The stations not in the United States were not used to obtain the most probable depth of 
compensation, as the necessary data for them were not available. 

The author is inclinecl to favor the depth of 94.9 h. as being nearer the truth than the 
low& depths, and besides it agrees niore nearly with th3 depth as obtained from deflections of 
the vertical by H a y f ~ r d . ~  We may conclude that the most probable depth of the compensa- 
tion as derived from the gravity data is 94.9 Irm. 

I t  is believed that the. value, 97 luu., obtained by Hayford from deflections of the vertical 
in mountainous regions is nearer the truth for the average depth of compensation than his 
values 113.7 and 120 h. I3 the depth from gravity data and the depth 97 km. mentioned 
above are given equal weight the mean depth of compensation is 96 h. which the author 
believes is the best one available from all geodetic data. 

This value, of course, must not be considered as having extreme accuracy, for no doubt a 
depth' determined from much more gravity and deflection data would be different. The author 
believes that future determinations of the depth from more estensive data will fall between 80 
and 130 h. 

a See Figure of the Earth and Isoatmy from ~-remen& in the United States, and Supplementary Investigation in lsOg of the Figure of the 
Earth and M y ,  J. F. Hayford, 1909. 
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FIG. 8.-GRAPHIC DETERMINATION OF T H E  MOST PROBABLE DEPTH O F  COMPENSATION FROM 56 UNITED STATES 
STATIONS I N  MOUNTAINOUS REGIONS. 
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FIG.9.-GRAPHIC DETERMINATION OF T H E  MOST PROBABLE DEPTH OF COMPENSATION FROM 20 UNITED STATES 

STATIONS I N  MOUNTAINOUS REGIONS AND ABOVE T H E  GENERAL LEVEL. 
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CONSTANTS FOR THE GRAVITY FORMULAS AND THE MOST PROBABLE DEPTHS OF COMPENSATION' 
DERIVED BY ANALYTICAL METHODS FROM GRAVITY DATA. 

The method of computing the factors by which the effect of topography and compensation. 
was obtained for various depths of compensation, together with the computed effects of these: 
changes of depth and the anomalies for the several depths are given on pages 97-1 06. The fol- 
lowing analytical solution was made to determine the constants for the gravity formulas and. 
to determine the most probable depths of compensation. 

The formula'for r,, the theoretical gravity a t  sea levei in geographic latitude p, lnuy be: 
written in the forni 

yo=x( l  +B siuS $-$ B, sin3 2$) (11, 
ye is the gravity a t  the equator a t  sea level, B and B, are coefficients, the former determined from. 
gravity observations, the latter found theoretically by Darwin and Wiechert from the assimp-. 
tion that the interlid strata of the earth have the same form as if they were completely fluid. 
Their results, based on different laws of internal density, agree in giving f B4=0.000007, which. 
will be used throughout the publication. 

Hshert 's  determination of the constants gives for his formula of 1901 on the Potsdam. 
system 

yo = 975.030 (1 + 0.005302 sir? 9 - 0.000007 sins 39) (3) 

If n value be assumed for the equatorial radius of the earth, the ellipticity or flattening of: 
the earth, den0 tcd by f ,  may be found from the formula, 

In this formula B and B, are the s m e  quantities as in formula (1) and m is the ratio of the. 
w2A 

centrifugal force of the earth's rotation at the equator to gravity a t  the equator, or m =- . w is 
Y. 

the angular velocity in radians, expressed in the time unit used in r,. A is the equatorial radius of 
5 the earth espressed in the linear unit used in yo. The simple formula f = 5 ~ n  - B is known as Clair- 

aut's equation. .The above formula is derived from Heher t  (Hohere Geodasie,. Vol. 11, p. 83), 
and may be termed Clairaut's formula, extended to terms of the second order. The value of' 

1 

f=m was originally given by Helmert as derived from his formula of 1901. This is based on 

Bessel's equatorial radius of the earth. A larger value of this quantity such as best represents 
1 modern observations gives j'=7- The value .of A used hi deriving the values from the.' 29S.* 

gravity observations treated in this work is 637S3S8 meters, from Hayford's "Supplementary 
Investigntion in 1909 of the Figure of the Earth and Isostasy," page 60. 

Equation (1) I l l q  be transformed into a shape somewhat more convenient for the purpose. 
in hand, namely, 

y,=G-b cos 2 $+a cos2 2 $ (4a) 

The significance of the constants of the new form and the relations between them and those 
of the old are, 

G -gravity a t  latitude 45" =ye 

2b =polar gravity minus equatorial gravity = -/, B 

d= 9 ra,, which to the degree of accuracy involved in the theoreti- 
cal developments for B, may, like B,, be considered as constant. 

-4l~0 y.=G-b+d (4b). 

And 
26 B= - 

G - b + d  
59387'-17 ---a 
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Let the subscript zero affixed to G ,  B, and b denote those nunzerical values corresponding 
to Hclmert's formula of 1901, also G =  Go + x and b = 6, + y signify the values determined from 
the observations; x is the correction to gravity at latitude 4S0, is half the correction to the 
quantity, polar gravity minus equatorial gravity. 

Then, 
Go= 930.61591 dynes and bo = 2.593'76 dynes 

With these Helmert values, equatidn (1) becomes 

or with the corrections applied 

yo = 950.61501 + x - (2.59276 + y) cos 2 9 + 0.00655 cosa 2 4 (6a) 

. Let g be the observed value of gravity and g,' the value of gravity computed from (2) or 
. its equivalent (5), including corrections for elevation, topography, and compensation for nJixed 
depth. 

Let n'=g-g,' the gravity anomaly corresponding to forinula (3) or (5). The value of 
gravity computed from the corrected fornlula is g,' +;c - :y cos 2 4 

An observation of the general for111 is 
Observed value ininus computed value = residual (v) 

whence 
g- (g , '+z-y  cos 2 4)=?? 

or 
x - y  cos 2 4-n'= -v 

(6b) 

This is the form of %n observatio~~ equation for a particular gravity station if the depth of co111- 
pensation be considered fixed. 

If the assumed depth (1)  be c.onsidered subject to a correction ( z ) ,  then n' depends on z. 
To put the equation in linear form, let c be the rate.of change with regard to depth of the total 

aq correction for topography and compensation of the station in question or C= since i t  is only at 
through this correction for topography and compensation that g ,  is affected by a change in t. 
Then if g, be the computed gravity at  a depth t + z  sufficiently near to the assumed depth t 

and replacing g,' in (6b) by this v:llue of g, there results 

- 2 - y  cos 3 4+'cz-n'= -v (7) 

which is the form of observation equation when a correcteil depth of. c.on~pensation is to be 
determined. 

These observation equations are shown in the following table. Further explanations follow 
immediately after the table. 
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Obseruntb?~ eyuntwns for obtainin.9 corrections to the eoeficificie?rts of the gtawity f o r n ~ z ~ l a  and to the depth of con~pensntio?l . 
. 

of- 

z 

....-.-... .......... 

....-.-..- .......--. 

...-...... 

........-. ..._ 

......-.. . 

......-... 

.-.- 
+O.75 ....-..... 

+.70 

+.37 

.- 

-I- .a 
+.53 

+.53 .. ou 

.... r + . 56 
+ .45  

+.41 
+ . 2 0  

17 In ................. 
l$In ................. 
5Ina  ................. 
9 .............. 
8SIn ................. 
?6Jna ................ 
4 In  .................. 
8Ino ..........-...... 
5nlna ................ 
91na ...... ' .......... 
1RIna ................ 
9Sln ................. 
9 .............. 
??Inn .. ; ............. 
i3Ino ................ 
G J n a  ................ 
3iJnn ................ 
& I n a  ................ 
43Tna ................ 
1WIna ............... ................ 12 Ina 
91 In  ................. 
1071na ............... 
2OTna ................ 
481110 ................ 
97 Ina ................ 
19Ina ................ 
45Ina ................ 
14Ina ................ 
16Ina ................ 
5YIna ................ 
41Ina ................ 
1 ...................- 
31 Ina  ................ 
55 I n 0  ................ 
29In ............... 
96111 a ................ 
521na ................ g i  I n  a ................ 
8 OIn ................. 
103 In  a ............... 
3In .................. 
42Ina ................ 
157 ................... 
6Tna ................. 
15Ina ................ 
8 ..................... 
78 Ina ................ 
331x10 ................ 
6OIna ................ 
4OIna ................ 
101 Ina ............... 
WIna ................ 
? .................... 
32Ina ................ 
B .................. 
95 Inn ................. 
11na ..............-.. 
77Ina ............ ; ... 
1580. ................. 
9 ................. 
35Ina ................ 
21na ................. 
511~10 ................ 
% I n  ................. 
30Ina ................ 
159 .........-..-...... 
160 ................... 
161 ................... 
7 ..................... 
44In ................. 
10OIna ............... 

1 

........................................ 
..-.-..... ..-....... 

...-...... 

........................................ 

.................................. 
(..........::::...... ............ 

....-..... ....-..... 

.PO 

+1.5 ............................... 

.4.1 

4 - ..--................ 
9 3 1 ~ 0  ................ 
6 ..................... 

a This 

D I 

37 4i.5 

40 58.2 
41 51.7 

41 00.0 
42 27.9 
42 3B.7 
42 43.0 
41 56.3 
43 39.0 
43 48.3 

44 07.5 
44 11.0 
44 23.0 
14 26.7 
44 47.3 
45 06.3 
45 30.0 
45 33.4 

46 17.8 
46 22.0 
46 31.9 
I6 46.3 
47 03.2 
47 39.8 
47 40.8 
47 43.6 

45 04.9 
45 14.4 
48 21.4 
48 25.3 
45 31.3 
49 03.9 
49 07.2 
49 17.6 
49 23.0 
49 35.4 
49 54.7 

50 04.9 
50 34.1 
50 45.8 
50 51.7 
5051.8 
50 54.1 
50 56.8 
51 M.3 
51 08.1 

52 09.4 
52 14.2 
52 27.9 
52 35.5 
53 02.5 
53 23.8 
53 24.0 
53 
53 29.9 
5352.4 

54 12.2 
54 20.7 
54 56.8 
5500.4 
55 01.0 
65 13.7 
5547.1 

56 28.6 
56 33.1 
5706.1 
57 13.4 
57 37.2 

5s 16.6 
58 36.4 
59 01.8 
5905.5 

2 
............ 

........................................ ........................................ 

...... ............................................................ 

.1.3 

+2.8 

--3.5 .................................................. 

.................................................. 

7 

...-.--.-- 
...--...........--. 

.......... 
........---..... 

......-... 
................. 

.... 

-----.---. 

... ....... 

- - - - - - - - - -  
. --------- 

.....-.... 
............. 

term for 

4 

.....-.... 
............................................................ 
............................................................ 

............................................................ 

.'.......-. 
...................... 

.___ .._. 

............................................................ 

............................................................ ................................................................................ 
................................................................................ 
................................................................................ ................................................................................ 
........................................................................--..-.-. 
................................................................................ ................................................................................ 

......-....................-................................................ 
.a6 ...................................................................... ................................................................................ 

................................................................................ ..........................................................................-.-.-. 

..............................................................................-. 

................................................................................ ................................................................................ ................................................................................ ...................................................................-...-....-... 
+!.5 

................................................................................ 
4 . 1  

..................................................................---..--------- ...~..........................~.........~.....~.....~.~....~....---...-------. ................................................................................ 

5927.0 
59 44.7 
59 54.0 

station is used 

+1 

+1 
+1 

+1 
+1 
+1 
+1 
+1 
+1 
+1 

+1 
+1 
+1 
+1 
+1 
+1 
+1 
+1 

+1 
+1 
+1 
+1 
+I 
+1 
+1 
+1 

+1 
+1 
+1 
+1 
+1 
+1 
+I  
+1 
+1 
+1 
+1 

+1 
+1 
+1 
+1 
+1 
+1 
+1 
-1-1 
+1 

+1 
+ I  
+1 
+1 
+1 
+1 
+1 

""1 
+1 
+1 

+1 
+I 
+1 
+1 
+I 

. +1 
+1 

+1 
+1 
+1 
+ 1  
+1 

+1 
+1 
+1 
+1 

Constant 

3 

................................................................................ 

................................................................................ 

................................................................................ 

; .....~....~.............................................---.--..-----..-........ 
1:::::::::::: 

................................................................................ 

................................................................................ 

................................................................................ 

................................................................................ 

................................................................................ 

...................................................................... 

........................-.................-................... 
.4.8 

...................................................................... 

..I 

.5.0 

.................................................................... 

Coefficient 

V 

--0.790 

.. 755 --. 745 

.. 743 .. p 8  

..in6 .. i 35  
-.732 
--.7?4 --. 72!2 
.. 718 
--.717 
--.715 .. 714 
--.710 
--.706 
--.:Dl 
--.700 

--.C91 
--.690 --. 69.3 .. 655 .. 581 
--.Gi3 
--.hi3 --. 673 

--.* ..M6 
--.684 .. GM 
..W2 
..G5 
--.a74 --. 652 .. 651 
--.MI 
--.&id 

..642 --. 635 .. 633 --. 631 

. .a1 
--.a1 
- - . a 0  
..R27 
--.627 

--.614 --. 612 
--.609 
--.W3 
..sol --. 596 
--.596 
. 5 9  
--.595 
--.590 

.. 595 .. ~ 3 1  

..574 

..573 .. 573 

..570 
--.562 

--.552 
--.551 
--.543 
-- -541 
--.536 

--.526 ... 521 
..515 
--.511 

4 . 8  I 4:: .2.8 

solution 

5 I C  

-.- 

.--- 

.......-.. 

.--.-.-- .. 
--.- 

.._.__.__. 

.......... 

.......... 
..............................................-... 

........-. ........-. 

....-....- 

+l 
+1 
+ I  

only 

..I 
+i.a 

--1.S 
- 3  

+ . 5  
- 2  

1 . 5 

--. 1 

.......... 

.......... 

........ 
+1.2 

' ......... 
.......... .......... 
.......... .......... 

.......... 
- ......... 
p . 119 . 

number- 

........................... 

.......................... 
.................... 

..-.-----. 

...................................... ..________ - -  - -  

: 
.1.3...... 

+ 2 8  

.3.5 .......-.- 

.......... 
' 

.._I +.39 
--.501 --. 502 + . 34 

with near-by stations 

+ . 9  +i.z 

--. 7 
+ . 6  

4-1.3 
+ . l  

. .  
+ . 6 

to give a single 

5 . 7  1 .3.8 
........................................................................-....-.. 

.3.8 .2.8 

.......... 

.......... 

.......... 
+i.a 

.......... .......... 

.......... .......... 

...-.. .... 

.......... 
See table of 

................................................................................ ................................................................................ ...............................................................-...-...--....... 
.1.4 
+ . 0 ................................................................................ ................................................................................ 

................................................................................ ....................................................................... 
.3.0 
--1.5 

- 3  
- - . 6  ................................................................................ ...................................................---..-.-.....-............... 
.2.3 ................................................................................ --. 8 

.2.6 

.1.8 

+ . 9 . .  .......... 

--. 7 
+ . 6  

+1.3 
+ . l  

--. 8 

+ a5 
groups on 

--.I ....... 1 .. 

.....................................................................--...- 
.1.8 
--.3 

+ . 5  
-- .2  

.1.5 

--. 1 
observation equation . 
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Observation equations for obtaining corrections to the coe~c ic t~ t s  pf the gravity fonn~tln and to the depth of con~pensutio1~4?on . 

. 

Constant term for solution number- Coefficient of- 
Double 
latitude Station number 

&a .................... 
87Ina ................ 
10 a ................... 
11 a. .................. 
m 1 n a  ................ 
9s .................... 
89 Ina ................ 
164 ................... 
75 Inn ................ 
71 In ................. 
92 .................... 
93 a ................... 

a Thisstation is used only with near-by stations to g i ~ e  s single observation equation . See table of groups on p . 119 . 
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Observation equations for obtaining correctwm to the coeflcients of the gravity fornwlla and to the depth of c o n t p n s a t h - C o n  . 

. 
Coeficient of- Constant term for solution numbar- 

Double 
Station n u m k  latitude 

0 8 

46 ..................... 78 08 4 +1 .3.2 1 9  ....... - 3 . 4  .......... 
.................. .......... .......... 212 a 1 5 .  .6.7 .5.9 .5.4 

39 .................... 78 11.6 +1 - . 8 + . 8 4- . 9 . 8 .......... + . 8 .......... I 
2090 .................. 78 11.6 +I - . 204 + . 23 -4.7 -4.2 - 4 . 9  -4.7 .......... -4.2 .......... 
31 .................... 78 16.6 +1 - . 203 + -03 + . 9 +1.1 + . 9 + . 9 .......... +1.1 .......... 
217 ................... 78 19.4 +1 - . 202 + .a8 - 5 + . 2 - 1.1 - . 5 .......... + . 2 .......... 
l l6 . . . . .  .............. 78 29.5 +1 - . l @  +1.10 - 8  +1.3 - . 7 .......... - . 8  .......... +1.3 
L35p .................. 7 8 3 ? . 0  +1 - . I 9 9  + . I 3  +1.3 + l .6  + 2 3  +1.3 .......... +l .6  .......... 

7R 35.6 +1 - . I 8 8  + . 2 0  - . 2  + . 3  - . 3 - . 2  .......... + . 3  .......... ................... 
114 .................... 78 39.2 +1 - . 197 +1.75 -1.2 +2.0 - 8.7 .......... -1.2 .......... +2.0 
125a .................. 78 43.8 +I - . i W  + . 4 2  + . 7  +1.5 - 8 + . 7  .......... +1.5 .......... 
m..... . . . . . . . . . .  ..... 75 50.0 +1 - . 194 + -33 - 3 . 3  -1.8 - 5.9 -3.3 .......... -1.8 .......... 
35 ................. ... 75 57.4 +1 - . 192 . 01 . 0 + . 1 . 0 . 0 .......... + . 1 .......... - 
2190 .................. 7 9 1 7 . 0  +I -.im + . m  +3.5 ~ 4 . 1  + 3 . 5  +3.5 .......... +4.1 .......... 
44a ................... i 9  21.2 +1 - . 185 - . 07 + . 6 + . 8 + 2 . 3  .......... + . 6 + . 8 .......... 
13i ................... 79 31.8 +1 - . 182 + . 17 -1.2 - . 9 - 1.2  -1.2 .......... - . 9 .......... 
138 ................... 79 35.4 +1 - . IS1 + .03 + . 7 + . 8 + . 3 + . 7 .......... + . 8 .......... 
48a ................... 7 9 4 1 . 6  +I - . I 7 9  +1.00 -3.2 -1.2 - 3 . 6  .......... -3.2 .......... -1.2 
Ha. . . .  ............... 7 9 5 4 . 2  +1 - . I 7 5  + . I 9  -3.5 -3.0 - 3 . 9  -3.6' . . . . . . . . . .  -3.0 .......... 
136 ................... 78 65.6 +1 - . 175 + -12 + . 1 + - 4  + - 3  + . 1 .......... + . 4 .......... 
2 0 7 ~  .................. 8 0 0 8 . 0  +I - . I 7 1  +.a0 +l .6  +a . l  + 2 . 4  +1.6 .......... + a 1  .......... 
210a .................. SO 32.0 +I - .164 + . Z Z  +1.6 +2.1 + 1 . 9  + i . 6  .......... + z . i  .......... 
25a ................... SO 42.0 +1 - . l a 2  + . l 9  + . 6  +1.1 - . 2 + . 6  .......... +1.1 .......... 
2110 .................. 80 54.8 +I - . 158 + -22 +1.1 +1.5 + 1.5 +1.1 .......... +1.6 .......... 
3 a  ................... 81 28.0 +1 - . 148 + -23 -3.8 -3.2 - 4.0 -3.8 .......... -3.2 .......... . .......... 208.. .................. 81 29.2 +1 - . I 4 8  + . I 3  - . 2  . 0 - . 7  - . 2  .......... 0 
49 ............... .i ... 81 33.2 +1 - . 147 + . M) . - 2 1  . -1.8 + 2 3  .......... -2.1 .......... -1.8 
105 81 35.8 +1 - 146 + 30 + 6. +1.3 + 3 + 6 +1.3. .................... . . . . . .......... .......... 
Wa ................... 81 37.0 +1 - . 146 + .24 -3.6 -3.0 - 4.1 -3.6 .......... -3.0 .......... 
la.... ............... 81 52.0 +1 - . 141 + a41 + . 5 +1.4 - . 6 + . 5 .......... +l.4 .......... 
115....... ............ 81 56.8 +1 - . 140 + -13 - - 4  + - 1  + . 5 .......... - . 4 + 1 .......... . 
120 ................... 82 12.8 +1 - . I35  + . I 4  - . 2  0 . .......... + . 3  - . a  0 . .......... a..... ............... 82 14.8 +1 - . 135 + -09 - 5 - . 2 - . 4 .......... .- . 5 .......... - . 2 
81 .................... 82 36.6 +1 - . 129 +la15 -2.1 + . 2 - 1.3 - 2 1  + 2 .......... .......... . 
124 ................... 82 4 . 8  +1 - . 126 + . 40 +l .6  +2.5 + 2.2 + l .6  .......... +2.5 .......... 
33 .................... P3 00.8 +I - . I =  + . 0 8  - . 7  - 5  - 5 - . 7  .......... - . 5  .......... 
em............. ...... 83 10.2 +1 - . 119 + -44 -3.1 -2.1 - 2.0 .......... -3.1 .......... - 2 1  
122..... .............. 83 15.4 +l - . I17  + - I 2  -2.2 -1.9 - 3 . 0  .-2.2 .......... -1.9 .......... 
127....... ............ 83 21.4 +1 - . 116 + -50 - . 4 + . 6 - 1.8 - 4 .......... + 6 . . .......... 
36 ................... 83 34.8 +1 - . 112 - -10 - . 1 - . 1 - . 8 - 1 .......... - - 1  . .......... 
87Af............. ...... P3 47.0 +1 - . 108 ................................................................................ 
133a- ................. 84 07.4 +1 - . 102 + -44 +1.3 +2.2 + 1.8 +1.3 .......... + 2 2  .......... 
134b .................. 84 15.6 +1 - . 100 + . 07 +1.7 + l . 9  + 1.8 +1.7 .......... +l .9  .......... 117 ................... 8 4 3 2 . 2  +1 - .095 - . I 1  -4.5 -4.4 - 2 8  .- 4.5 -4.4 .......... .......... 
28a ................... 84 33.0 +1 - . W  + . 3 8  + . 4  +1.2 - . 6 + . 4  .......... +1.2 .......... 
IsC....... ............ 84 38.6 +1 - . 093 .................... -2.0 - 2.0 -2.0 .................... .......... 
. .  ....... 84 43.2 +1 - . 092 + -28 -1.9 -1.3 - 2.6 -1.9 .......... -1.3 .......... 
30a ................... 84 45.6 +1 - . 091 + -33 -2.0 -1.3 - 2.3 -2.0 -1.3 .......... .......... m................... 84 46.0 +1 - . 091 - . 03 -1.0 -1.0' - 1.5 -1.0 .......... -1.0 .......... 
ago. .................. 54 54.2 +1 - . 099 + . 21 +1.0 +1.5 + 1.0 +1.0 .......... +1.5 .......... 
119 ................... 85 01.6 +1 - . 087 - -03 -3.3 -2.3 - 2.5 -2.3 -2.3 .......... .......... 
1230.. ................ 85 18.2 +1 - . 082 + -15 +3.1 +3.5 + 4 1  +3.1 +3.5 .......... .......... 
195 85 40.0 +1 - 076 + -34 -3.5 -2.7 + 1 -3.5 -2.7 ................... . . .......... .......... 
206 ................... 85 44.6 +1 - . 074 + . 14 -3.0 -2.6 - 3.0 .......... -3.0 .......... -2.6 
121 .................... 85 56.0 +I - . o n  +.os -1.2 -1.0 - 1 . 3  -1.2 .......... -1.0 .......... 
131 ................... 8 6 0 5 . 4  +1 - .088 + . 3 5  +1.0 +1.6 + 2 . 3  +1.0 +1.6 .......... .......... 
37 .................... 86 09.2 +1 - .W7  + . 0 8  -.. 5 - 3  - . 6 - . 5 .......... - . 3  .......... 
1 SG 17.1 +1 - .065 + . 4  + 6 + . 4  ................. .................... . .................... .......... 
?01................... 86 33.6 +1 - . 060 + -17 +1.5 +1.8 + 1.1 +1.5 .......... +1.8 .......... 
1980 .................. 86 35.4 +1  - . 059 + . 07 -6.4 -6.2 - 5 . 0  .......... -6.4 -6.2 .......... 
Sac.. 80 36.8 +1  - .059 - . l o  + . 3  + . 2  + 4 + . 3  + . 2  ................. . .......... .......... 
lrna. . . . . . . . . . . . . . . . . .  87 06.0 +1  - . 051 + -14 +2.7 +3.1 + 4.3 +2.7 .......... +3. l  .... r ..... 
m.. . . . . . . . . . . . .  ...... 87 14.4 +1 - . 048 - -34 -1.3 -1.6 + 2.5 .......... -1.2 .......... -1.6 
60 87 B . 6  +1 - .045 - . 07  - . 7  - . 9  - . 7  - . 9 - .a .................... .......... .......... 
38M........ .......... 87 30.4 + 1  -.OM ................................................................................ 
25C .................. 87 40.2 +1  - 041 -1.9 - 3.3 : -1.9 . .................... ................ ... .......... 
16Cn ................. 87 45.4 +1  - .039  .................... + 2 6  + 3 . 0  +2.6 .................... .......... 
13Zd ........--.---.... 87 56.6 +1 - . 036 + . 11 +1.4 +1.7 + 1.0 +1.1 .......... +1.7 .......... I 197.. . . . . . . . . . . . . . . . . .  87 57.2 +1 - . 038 + . 02 -1.5 -1.4 - 1.6 -1.5 .......... -1.4 .......... 

a This statlon is usad only wlth near-bv stations to give a single observation equation . Seetal~le of groups on p . 119 . * Station 134 enters by itself only in soiutlons 1 and I . as a pnrt of group fi G. p . 120 in solutions 2 3 6 and 8 . 
c Station 85 enters by itself only in solutions 1 and 4; 'as a part of group 5 C, 120 . in solutions 2, 5 k kud 8 . 
d Station 133 enters solutions 1 and 4 as a part of group 3; solutions 5 3,6, a n t 8  as a part of group 4 b.p . 120 . 
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Obserzratiol~equatio?~s for obtainingcorrectwns to the coeficients of the grclvity forn~ula and to the'depth of compensation--Con . 

Coeficlent of- 
Double 

Constant term for solution number.. 
Station number latitude 

0 ,  

1 3 M a  ................ 92 (17.0 +1 
211 C .................. 92 10.1 +1 
57 ................. ... 92 10.8 +1 
22C: ................... 92 11.7 +1 
2GC .................. 92 1R1 +1 
PO .................... 9222 .6  + I  
30hIa  ................ 92 25.0 +1 
1ShIa .... : ........... 92 a..o +I . 
21C .................. 92 27.8 +1 
S M a  ................ 92 X 2  +1 
110 ................... 92 2s.4 +I 
32Ma  ................ 93 29.5 +1 
1022 ................... 92 34.4 +1 
% M a  ................ 92 35.2 +1 
185 ................... 92 3 R . R  +1 
9 C  ................... 9237 .4  +1 
34bln  ................ 82 3 8 6  +1 
1Bhfa ................ 92 39.4 • +1 
17s ................ ... 92 41.6 +1 
1s ................... 92 43.6 +1 
2 C  ................... 92 44.9 +1 
14 M n ................ 92 45.8 +1 
31 11 ................ G2 46.4 +1 
8 h I a  ................. 92 48.2 +1 
1!B ................... 93 45.4 +1 
17Mn ................ 93 454 +1 
1RMa ................ 92 50.4 +1 
71 fn  ................. 92 52.0 +1 
12C .................. 93 m.9 +1 
1 M a  ................. 9:s 03.6 +1 
251a ................. 83 04.11 +1 
6 C  ................... $12 ?:.I +1 
m ............ ......_) 93 34.0 +l 
76 .................... 93 3i.01 +1 

a This station is used onlv 
b Ststion 57 enters solutilin 

+ . 036 ................................................................................ . .......... + . 038 .................... - . a  -1.6 - .................... 2 .......... .......... +.a75 +.32 -5.2 -4.6 -6.0 -5.2 -4.6 
+ . O W  .................... + . I  -1.3 .................... + . I  .......... . . .................... .......... + wn .................... +i.5 + 7 +1.s 
+ . M I  +.30 -.l + . 5  - . 3  .......... - . l  .......... + . 6  + . 042 ........................................ 1 ........................................ + . 042 ................................................................................ 
+.043 .................... + . 8  - . 6  .................... + . 8  .......... + . 043 ................................................................................ .......... + . M 3  +.66 - . 5  + . 7  +1.4 .......... - . 5  +. 'I  + . 044 ................................................................................ .......... f . 0 1 5  -. 04 - .  2 - .2  - . 3  - . 2  .......... - :2 ................................................................................ + . 0.15 
+.I346 + . I 3  -4.6 -4.3' -4.1 .......... -4.6 .......... -4.3 .................... .......... .................... + ;046 +2.2 +3.5 + 2 2  + . 016 ................................................................................ + .M6 ................................................................................ . .......... + . 047 + -14 -1.2 - . 9 -1.6 -1.2 .......... - 9 
+.047 +.MJ - 2 2  -2.0 -2.3 - 2 2  .......... - 4 0  .......... 

.......... +.048 .................... + . 2  + . 3  ...................... t . 2  + . 018 ................................................................................ + . 048 ........................................ 1 ........................................ + .04 9.  ................................................................................ 
+.019 -.OB -3.8 -3.8 -1.8 .......... -3.8 .......... -3.8 + . 049 ................................................................................ + . 050 ................................................................................ + . 050 ................................. i ..... ., .......... ................................ .......... ................... .................... + +1.3 + 1.8 +1.3 + . 053 ................................................................................ + . 054 ....................................... .I ........................................ . .......... + . l l R O  .................... - . 3  - . 8 .................... - 3 
+ . o m  + .a1  -5.91 -5. s -4 .81  -5.9 .......... -as .......... + . 063 - . 02 -1.0 -1.0 - . 5 .......... -1.0 .......... -1.0 

with nmrby statlons to give a sin@ obsemation equation . See tsblo of p u p s  on p . 119 . 
s 1 and 4 as a p r t  of group 3; solutions 3, 3,6, and S as a part of group Ir C, p . 120 . 
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Observation equatipns for obtniniiig corrections to lhe coeflcimts of the gmllilg furtn.uln and to the depth of cornpe~lsntion.-Con . 
I T)nn hln I Coefficient of- 1 Constant term lor solution number- 

a This station is used only with near-by stations to  give a single observation e nation . See table 01 groups below . 
b StatIan 106 enters alone only in solut~ons 1 and 4; as a part of group 3 C. p . 110. in solutions 2.8.6. and 8. 

ARRANGEMENTOFGROUPS . 

zEbk 

1 I n  ........ 
2111 ........ 
31n ... ; .... 
41n ........ 
5 In  ........ 
6111 ........ 
71n ........ 
8 I u  ........ 
9In  ........ 
10 In ....... 
111n ....... 
121n ....... 
131n ....... 
14 In ....... 

'15In ....... 
ltiln ....... 
17111 ....... 
18 .......... 
18 In ....... 
19 In ....... 
201n ....... 
24 .......... 
21 In  ....... 
20 .......... 
li .......... 
25 .......... 
23 .......... 
19 .......... 
16 .......... 
31 .......... 
41 ......... 

Constmt term lor solution number- 

Including stations 

51n, 26In ........... 
8 h , 3 9 l n ,  50111 .... 
9In.991u ........... 
131n.S4ln .......... 

{BII$Iz 1% 73 In, 

13In.37In .......... 
201n, 43Jn .......... 
48In.59In.107 In  ... 
14In.55In.9iIn .... 
31 In 45111 .......... 
191n'411u 96In .... 
16 111'531n: ......... 
15 1n:67Jn .......... 
33 111.43 In, 103 In ... 
6 In.78In .......... 
33 ln.BOIn .......... ... 40In.95In,lOlIn 
3 .18  ...... ....--... 
1 I n  24 In, 35 hi, 

17 t n  
2 In  30 In  51 In  ..... 
87 I;, 1~ i n  ......... 
10, 11 ............... 

pzin75 In, 89 In, 

9 3 1 4 5  .............. 
15:162 .............. 
13 143 .............. 
96'141 .............. 
14: 168 .............. 
151.154 ............. 
BS, 69 ............... 
101, 155 ............. 

1 

....................................... 

......,... 
.1 

.1.4 

--.I 

9 . 2  
.1.1 
--3.2 
+3.4 
--1.4 
- - .8  
.1.6 
4 . 4  

Coeflicient of- 

2 

........................................................... 

.0.4 

+ .1 

+ . 7  
--.6 
--3.2 
+?.6 
--1.0 
- - .a  --. 4 
.1.8 

z 

....... : 

.......... ........... 

+0.53 

+ . I 1  
.............. 

+.39 
+.34 . 00 
+ . 0 6  + . 16 
+.36 + . 64 
+ . 3 3  

3 

........... 

: 

. . 

4 . 6  

+ . 3  

..8 
--1.6 
.3.4 
+2.2 
--1.1 
.1.5 
+?.S 
.?.4 

4 

................................................................................ 
........................................................................ ................................................................................ 

................................................................................. 

................................................................................ ................................................................................ ................................................................................ ................................................................................ ................................................................................ ................................................................................. ............................................................ .................................................................. ................................................................................ ................................................................................ ................................................................................ 
.l.4 

................................................................................ 

................................................................................ ................................................................................ 
--.I 

.................................................................. 
+ . 2  
.1.1 
--3.2 
+2.4 
--1.4 
..8 .......... 
--2.4 

+1 
+1 
+1 
+1 

) + 1  
+1 
+1 
+1 
+1 
+1 
+I 
+1 
+1 
+1 
+1 
+1 
+1 
+I  

) +1 
+1 
+1 
+1 

) + I  
+1 
+1 
+1 
+1 
+1 
+1 
+1 
+1 

Y 

--0.740 --. i33 
--.718 
--.708 
--.705 
--.a 
--.683 --. 6i2 
--.683 --. 659 --. 656 --. 653 --. g31 --. 624 --. 620 --. W2 .. 594 --.= 
-- 581 
--. 552 --. 504 
--.I92 
..(%I 

..46 
--.385 --. 354 
--.WP 
-- 336 
--.3?0 
- - a  306 
--.303 

5 

........................................ 

: 

.......... 

.......... 

.......... .......... .......... .......... .......... .......... 
.l.6 ...... : ... 

6 

.0.4 

+ . l  

+ . 7  
--.6 
--3.2 
+2.6 
.1.0 
..2 .......... 
.1.8 

7 

...................... 

.......... 

.......... 

.......... .......... .......... .......... .......... ........... 
--0.4 .......... 

S 

.3.0 

.3.3 

.3.2 
4 . 2  
+1.0 

2.2 
.1.8 
.l.2 
.l.2 
.3.0 
.1.2 
.2.3 
+1.0 
.1.2 
+3.5 
+6.4 . + 2 
..4 
.1.0 

. + 7 
+2.4 
+ . l  
+ . 7  
+ . 7  
-- .6  
4 . 3  
+?.6 
.l . $ . - --. 4 
--I.$ 
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The first column of the table on pages 115-1 19 contains the number of the station. Numbers 
without m y  letters appended refer t.o.the United.States.stations given in the..list on pages 50-52; 
the numbers followed by the letter " C" refer to the Canadian stations on page 54; the numbers. . 
followed by the letters "In" refer to the Indian stations given in the list on page 56; and the 
numbers followed by the letter "M" refer to the stations in the list on page 57. 

The data in the above tables come from pages 50-60 and 103-105. All stations having 
anomalies numerically greater t.han 0.070 dyne have been excluded. For convenience the unit of n', 
and therefore of the other quantities involved, has been taken as 0.01 dyne. The unit distance in 
termsof which z is expressed in these equations is 28.4 km. ; that is, the interval between the depths 
a t  which the various anomalies for stations in the United States are tabulated on pages 103-105. 
If the correction for topography and compensation be assumed to change uniformly with chang- 

az ing depth of compensation, that is, if c=- is constant, then the value of c, with the units 
at 

adopted, is the d8irence between the to td  corrections for topography and compensation for 
two. dopths differing 28.4 km., expressed in units of hundredths of a dyne. An examination of the 
differences in the table on pages 100-102 will show t.hat these are fairly constant, allowance being ' 
made for the effect of omitted decimals. When the observation equations were formed, theso 

.quantities carried to one more decimal place than is given on pages 100-102 were available. A 
specimen of such data is given in connection with station 195, Lander, Wyo., on page 99. From 
tha data for this station tho following mean rates of change, in the units adopted, are deduced: 

Observation eqruations for obtaining oo~ections to the weficienis of the gravity fonnula andto thedepthof m~npensation-Con: 
ARRANGEMENT O F  GROUPS--Continued. 

From 42.6 km. to 56.9 km. =3 (-3.62+3.70)=+0.16 
From 56.9km. to 85.3km. = -3.21+3.63=+0.34 
From S5.3 km. to 113.7 km. = -2.75+3.28 =+0.53 
From 113.7 km. to 127.9 km. =2 (-2.48+2.75)=+0.54 
.From 127.9 km. to 156.25 6m.= -1.98+3.45 =+0.50 
h m  156.25 lim. to 184.6 km. = -1.33+1.98 =+0.65 

15 .......... 
10 .......... 
33.......... 
11 .......... 
13. ......... 
9. .......... 
28.. ........ 
30..: ....... 
7 ........... 
8 ........... 
12 .......... 
6 ........... 
b ........... 
1 ........... 
a..: ....... 
4 ............ 
5C.. ........ 
m.. 
4C.. ........ 
3 ............ 
2 ........... 
28 .......... 

Including ststiom 

102s10S, 156.k ....... 
144147. ............ 
56 55 ............... 
i h ,  175 ............. 
101,135-.-.. ........ 
1 22,!23,84,209,214, 

(a$13,a14 .......... 
42 43 44.. .......... 
47: 48). .............. 
24 125 .............. 
21b,219.. ........... 
207 211.- ........... 
25,h 27 ............ 
32,135 .............. 
282930 ............ 
17b 1% ............. 
1~3.~130 ........... .. 
16C 88.... .......... ........':a\%............. .............. 
87'132 .............. 
85:s ............... 

+1 - .011 +1.W ........... 
+1 + .OOl -......... 
+I + .ooi -......... ............. 

3a .......... ............. +I +.om + . l o  
21; ......... .............. +I + .OIO - .oi ic .......... +I +.m 
5M. ........ )+1 +.039 

........ 6M. 

1M ......... +1 + .(M3 .: 
4M ....-.-.. ..... +1 + .060 
3C .......... +I +.m 
2M;. ....... +1 +.1W 
ac .......... ............ +I + .aia 
7C.. ........ +1 +.318 
3M ......... ............. +1 +.2% 

~oeffielent of- 1 
1 

-1.0 
-2.2 
-1.3 
+i.a 
+1.4 
-3.8 
-2.2 - .8 
-1.4 
+2.6 
4-1.4 
-1.6 
+l.2 
- . 8  .................... 
+2.9 .................... 
-6.8 .................... - .8 
-1.8 
-3.0 

= 

+1 
+1 
+l 
+I 
+1 

) + 1  
+1 
+1 
+1 
+1 
+1 
+1 
+1 
+1 
+I 
+1 
+1 
+1 
+1 
+1 
+I 
+1 

-3.5 .................... .................... 
+4.0 
-2.4 .................... 

. ..................... 
.................... .................... 

9 

--- 
-0.297 
- . 2 2  - .256 - .248 - .214 
-.ZM 
- .204 - .I94 - .I85 - . lX - .I64 - .151 
-.OM 
-.W - .osa - .068 - .049 
-.011 
--.a1 - .@I  
- .ole  
-.Ole 

2 

+0.6 
-1.6 + .5 
+2.1 
+1.6 
-3.4 
- .7 

.O - .8 
+3.1 
+1.8 
-1.0 
+l.8 

.O 
+i.i 
+3.3 
+1.4 
-6.1 
+1.0 

-1.a 
-3.0 

z 

+0.85 
+.26 
+1.02 + .so + .08 
+.20 
+ .73 + .33 + .30 + .24 + .2l + .21 
+.a 
+.34 

+ .14 

+.40 

+ .09 
+.a - 

Constant 

3 

-4.6 
-2.8 
-7.8 
+a.o 
+2.4 
-4.2 
-6.2 
+1.0 
-2.1 
+2.7 
+2.0 
-2.1 
+1.4 
-1.5 
+i.a 
+4.2 
+1.7 
-7.7 
+ . 6  .................... 
-2.3 
-2.7 

-1.4 
-1.0 
+LO 
+r.a 
-2.4 
-1.6 

. 
+.4  ......................................................... 
+1.2 
- . 6  

-4.6 - .8 - .a 
+3.4 
-2.2 
-a.i 

+.' 8 

+s.s 
+3.0 

term lor 

4 

-------- 
-1.0 
-2.2 .......... 
+i.a 
+l.4 
-3.8 

.......... 

........... 
-1.4 
+2.6 
+l.4 
-1.6 
.+l.2 - .8 

+2.9 

... : ...... 
- .8 
-1.8 .......... 

solution 

5 

.......... .......... 
-1.3 .......... .......... 

.......... 
-2.2 - .8 .......... .......... .......... .......... .......... .......... .................... .......... .................... 
-6.8 .................... 

.......... 
-3.0 .......... 

+4.0 
-a.r 

................................................................................ 

................................................................................ 
............................................................................... ................................................................................. ... L.... 

................................................................................ 

8 

+0.6 
-1.6 
+ .5 
+2.1 
+1.6 
-3.4 
- 7 

.O - .8 
+3.1 
+1.8 
-1.0 
+l.8 

: 0 
+i.i 
+3.3 
+1.4 
-6.1 
+1.0 

-1.a 
-3.0 

-3.5 .................... .................... .......... .......... .................... 

............ 
: .............................. .............................. 

number- 

6 

+0.6 
-1.6 .......... 
+2.1 
+1.6 
-3.4 

.......... .......... - .8 
+3.1 
+1.8 
-1.0 
+1.8 

.O 
+i.i 
+3.3 
+1.4 

.... ...... 
+1.0 

-1.a .......... 
-1.4 
-1.0 
+i.o 
+4.z 
-2.4 
-1.6 
-1.5 

-1.3 

+l.2 
-3.0 
+ . 4  
-2.4 
+i.a - .6 
-5.2 

. 

7 

.......... .......... 
'+0.5 .......... .......... 

.......... 
- 7 

.O .......... .......... .......... ........... .......... .......... .......... .......... .......... 
-6.1 .......... ........................................ .......... 
-3.0 .......... 

-1.0 
+i.o 
+4.2 
-2.4 
-1.6 

+ r :  ...................... 

- 1 .  .......... ......,... .......... .......... ........ ;. 

......... 
+i.a - .6 
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A prcliminrsy investigation in~licnt.od that the clcpt.1~ of compensation in nearly all solu- 
tions would fall bet-ween 56.9 km. and 85.3 km., or elss very little below 56.9 km. The values 
of c used in the table of observation equations are therefore the mean rates of change between 
56.9 km. and S5.3 lirn. These c's are to be used only in connection with solutions for which the 
depth of compensatioll is determined. In these solutions the constant tern, - n', is based oil n 
depth of 56.9 km. I11 the second solution for mountain stations, in which the resulting depth 
is 94.9 km., the anomdies for depth 113.7 h. and the corresponcling c's were used.. These are 
not shown in the table of observation equations. 

I11 order not t.o give too great influence to a small region that might contain many gravity 
stations, the following arbitrary procedure was adopted. A solitary station having no ot.her 
station within 1 degree of it,, either in latitude or longitude, gave a single obselvation equation 
of weight unitmy. If a number of stations occurrecl so that their latitudes were dl within 1 
degree of one another, and likewise their longitudes, these stations were made to cdnstitute a 
group a.nd the mean of the observation equations of the. separate stations of the group was 
talien as the observation equation of the group, with weight unity. In  taking this mean for 
the group, stations within a radius of 8 miles were treat.ed as a single stmation by trtklng their mean, 
and giving the mean o n q  the weight of a single station in averaging it with the other members 
of tlie group. An example of this is group 1, which contains stations BS, 29, and 30, which are, 
resl)ectively, Worcester, Boston, nnd Cambridge. The mean of the anomalies a t  Boston ~ l l d  
Cambridge is + 0.013 dyne and this is given equal weight in combining with the momidy at 
Worcester of - 0.012 dyne, giving a h a 1  mean for the group of 0.000 clume. In the list of 
observation equations, st.ations t.hat are used only as pnrt of t i  group are designated by a 
reference mark which refers to a footnote when the details of the grouping require special men- 
tion. The latter part of the list of observation equations is made up of the mean equations for 
the various groups. When the obsei-vations were combined into zones of latitude, the mean 
of a gl-oup wcw given the same weight as n solitary station, the group being assigned to a zone 
according to the average latitude of its component members. 

The n o m d  equations were made up in the usual way. The probablc error of z is found in 
the usu J way froin the solution of the normai squations. The quantities re, B, and f are func- 
tio~ls of x and y. Their probrtble errors are fou~lcl by methods given in standard test books 
on the method of least squares.* (See note, p. 98.) These methods all require a lillowleclge 
of t,he numeric,al values of bhe derivatives of the functions in question with respect t.o the 
unk~lowii quantities of the observation equat~ioiis. 

The forinulns (partial derivatives), easily obtained fro111 (4b) and (3) on page 113, and from 
the definitions of z and y near top of page 114, are 

* For example, Wright and Rayford, Adjustment of Observations. p. 137, or Helmert, "Die Ausgleichungsrwhnung," ?le ailflage, p. 1SO. 
t z and yare independent of z, aceording to assumption, and thercfore 7,. which depends only on z and y, is also independent of :: similarly for 

B and f. As a matter of fact, the redistribution of attracting matter implied in the correction for isostatic compensat:bn will change somewhat the 
form of the level s-=face9 and the intensity of gravity. For the eartll considered as a whole the change is slight. Prof. de Sitter (in the Koninllikje 
AkaZemie ran Wetenwhappen te Amsterdam, Proceedings of the Sectionof Sciences, Vol. S V I I ,  pt. 2, p. 1295) makes some approximate mechanical 
quwlrat~ms and concludes that for the geoid as idealized by isostatic cornpenation to a depth of 114 lim. llf will be 0.14 less than for the actual 
geoid. The effect on gnvity at the equator is to make the idealized gravity greater thsn tlie true by less than O.W1 dyne. For smaller changes in 
dept!~ the erlects would be correspondingly less, and the assumptions made am ev dently not seriously vitlaled. 
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In solution l b  the stations or groups were assigncd to seven zones and each station or group 
was a weight inversely proportional to the number of stations and groups in the zone. 
This process must be substituted for the simpler one of using a mean equation for each zone, 
which would be practically equivalent if no depth of compensation were to be determined, 
because the e's, unlike the other coefficients, vary widely within the zone. 

The boundaries of the zones are in latitude 31°, 34O, 37O, 40°, 43O, 46O, and 4g0, the latter 
being the northern boundary of the United States. The zon+s are all three degrees in width, 
except the southernmost, which estends from station 1 (Key West, Fla.) in latitude SiO 33'.6 
to latitude 31° 00'. I t  was widened in order to .bclude a sufficient number of stations to be 
representative. 

The normal equations are: 

Fronl these z= + 1.3574, y = + 1.7233, z = +0.4490. The formula for 7, is 

The depth of compensation is 69.6 f 10.4 lim. and the reciprocal of the flattening 301.3 f 1.0. 
The flattenings deduced from l a  and lb '  are not supported by determinations from other 

methods, which would indicate that the assumed flattening of 1/398.S is more nearly correct. 
It was therefore decided to hold the flattening a t  this figure. This may be done with sufficient 
accuracy by letting y = 0. 

Using separate stations and groups, we have for solution lc, by omitting the second equation 
in l a  and putting y = 0 in the others, 

From these x =  + 1.0274, z =  +0.1082, and the formula for 7, is 

The depth of compensation is 60.0 f 9.5 Irm. 
This formula is referred to as the Coast and Geodetic Survey f orruula of 1916 for the United 

States. 
. If the anomalies a t  stations in the TJnited Stat,es were due only to erroneous values of the 

equatorial gravity and of the depth of compensat.ion used in the computation of the theoretical 
p v i t y ,  then this formula would be perhaps the best obtainable from the data a t  hand. But, as is 
shown on page 63, under the heading "Relation between the gravity anomalies .and the topogra- 
phy," and on page 70, under the heading LLRelatio~l between the gravity anomalies and the geologic 
formation," the prevailing sign of the. a~iomalies a t  stations 011 the seacoast dnd on Cenozoic 
formations is evidently due in part to some deviation from the normal of the clcnsities in t.he strata 
of the upper crust which'is systematic in its nature. The depth computed from the anomalies 
may be, and probably is, greatly influenced by t.his systc.mat,ic effect. I t  is shown in otmller 1)art.s 
of this volume that a larger depth than 60 km. is probably nearer the bi-uth. The equatorial 
value of gravity is not afffect8ed materially by the negative anomalies which predominate a t  t,he 
stations near the coast and in Cenozoic format.ioa, as they are offset in great part by the anoma- 
lies in oiher formations which tend to be positive. !See pp. '70 to 78.) Tho anomalies (called 
.the Hn.yford 1916 anomalies) bnskd on the Coast. and Geodetic Survey formula for 1916 for the 
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United States arc shown in tho table on pages 103-106 for purposes of comparison with the 
anomalies by the, 1013 formula of the Coast and Geodetic Survey (called t.he Hayford 1912 
anomalies), which is based on the greater depth of compensation, 113.7 km. 

From other data a flattening of 11297 has been determined. To use this flattening in deter- 
minilla x and z (solution Id), put y = - 0.642 in the first nnd t.llirc1 equations of la. The resulting 

3 
equations are: 

173~+43.17~-  160.10-0 

Fropl these z = +0.9322, z = - 0.0386 and the'forrnuln for yo is 
yo =,978.046 (1 + 0.005339 sin2 4 - 0.000007 sinZ 24) 

f 1 

and the clepth of compensation is 56.1 f 9.7 km. 
I n  ~olut~ion 'le the flattening is held a t  l!B(JS.3 and the stations are grouped by zones, as in 

solution 1 b. 
The normal equations for l e  arc: 

From these x = + 1 .OS30, z = + 0.0123, and the formul:~ for -yo is 

The c1el)tll of colnpe~lsittioll is 57.3 f 9.8 km. 
The solutions numbcred ?a and 2b i~iclucle stations i : ~  the United States proper and the 

Dominion of Canada. Ko det-ermination of the clepth u-as possible, since no inf~rmnt~io~l as 
to the co~~ec t ioa  fcr topogmphy and compe1l~ntio~1 of the Ca~~adian stations ~ v i s  available for 
deptshs other than 113.7 lrm. I11 solution 3 i  each station and each group was given unit weight, 

The nom:ll equations for this solution arc:a 

30% - 31.2S1~ - 96.1 = 0 

From these z= +0.647S, y = +1.2351, and tSlw formula for -yo is 

The reciprocal of tShe flat t,ening is 300.4 f O.S. 
Solution 2b is the same as 3a, except that zolles were iisecl as in l h ,  though with somewhat 

different boundaries for t.he zones. 
The normal equations are: 

From these z = + 0.0193, = + 1.4155, and the fornluln for yo is 

The recil)roc.al of the flattening is 300.7 f O.S. 

a In fonning thesenormalequationstl~e dsbus~lfor the stations incanadamere thosefirst communicated to the8urvey. AItenvardsrevised 
values mere sent, which appear in the tnl~le ofobs?rvntion equations. Thecorrections are too slight to affect the result seriously. 
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In the solutions numbered 3a and 3b tshe anomalies are found by the free-air method of 
reduction (correction for elevation, but not for topography and compensation). The stat.ions 
are the same as those i11 solutions 2a and 2b. In  solution 3a each station and each group is 
given unit weight, and the resulting normal equations are: a 

- 31.251~ + 13.8082~ + 52.8456 -0 . . 
From these x =  +0.3018, :y= -3.1435, and the resulting formula for y o  is 

yo = 978.064 (I+ 0.005238 sin3 4 - 0.000007 sin3 24) 
f 5  f 13 

. .  . 

The reciprocal of the flattening is 292.6 f 1.0. 
In solution 3b each zone la given equal weight, the zones. being the snnle as in solution 3b. 

The normal equations are: 

7~ - 1 .;720y - 5.563 = 0 

From these :c= +0.2498, y - -2.8899, and the formula for y o  is 

me. reciprocal of the flattening is 293.0 f 1.4. 
In  order to test tlie c.oi1stancy of the depth of c.01npei1sation in various regions, the stations 

hi the United States lying east of the ninety-eighth meridian mcre t~reatse.cl separately from those 
lying west of it. Solutions 4a and Sb are based on those stations cast of the ninety-eighth 
meridian. In  solution 4a each station and each group is given unit weight, and a depth of 
compensation, a value for the flattening, and the equatorial value are cletermined. The 
values of -n' are for depth of 56.9 kin. 'rhe nornial equations for 4rt are: 

From these x = + 0.7100, y = + 0.069S, z = - 0.0695, and the fornlula for yo is 

The depth of compensation is 54.9 f 16.8 Ian., and the rec.iproca1 of the flattening is 298.3 f 1.2. 
In  solution 4b the conditions are the same as for 4% except that tlie flattening is held as 

1/39S.3, the value resulting froni Helmert's formula of 1901. The normal equations are 

Froni these x = + 0.7004, z = - 0.0970, the formula'for % is 

and the depth of compensation is 54.1 f 14.9 km. 
The solutions nunlbered 5a and '5b nre based on stations in the'united States west of 

the ninety-eighth n~eridian, treated in n way si~nilar to thoso used in ~olut~ions 4a ancl 4b. In 

a See footnote on a. 121. 
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solution 5a each station and each group is given unit .weight. The values of -nt are for depth 
56.9 krn. The normal equations are: 

F h m  these x = +2.2099, y =  +3.2312, z =  +0.3772, and the formula for yo is 

The depth of compensation is 67.6 f 12.9 km., and the reciprocal of the flattening is 304.1 f 2.0. 
In  solution 5b the conditions are the same as for 5a except that the flattening is held fixed 

a t  11298.2. The equations, giving unit weight to each station and group, are 
552 + 15.962 - 102.2 = 0 
15.962 + 14.88902 - 28.940 = 0 

From these z- + 1.8784, z= -0.0698, and the value of yo is given by 

The depth of compensation is 54.9 f 12.6 km. 
The solutions with separate stations in mountainous regions gave greater depths than other 

solutions for other groups of stations in the United States, and as i t  is reasonably certain that 
the singleatation method gives a better value of the depth than the group method, it was 
decided to make solutions for the stations in the United States west of the ninety-eighth meridian 
without groups ; that is, by the separate4,ation method. In  the h t  of the two solutions, called 
5c, the equatorial gravity, the flattening, and the clepth of compensation were dete-ed. 

The normal equations are 

From .these z =  +2.3016, y  = +4.1200, z= + 1.0790, and +yo is given by 

The depth of compensation is 87.5 f 10.6 km. and the reciprocal of the flattening is 305.Sf 1.9. 
In  the solution 5d the flattening was held at  11398.2. The liornlal equations are: 

From these z = + 1.7503, z = -k 0.6551 and yo is given by 

The depth of compensation .is 76.4 f 10.8 h. 
If the Canadian stations east of the ninety-eighth meridian be joined with those in the 

United States, no determination of the depth of colnpensation is possible, since the only aepth 
for which the corrections for topography and isostatic compensation are available for Canadian 
stations is 113.7 hm. In  solution 6 this depth is used and each station or group east of the 
ninety-eighth meridian in Canada or the United S t a t e  is given unit weight. The normal 
equations are then a 

146~-25.174~-35.6~0 
- 25.1742 + 10.455634~ + 2.5569 SO 

a see footnote on p. 124: 



Prom these x =  + 0,3448, y = + 0.5857, and the formula for yo is 

The reciprocal on the flattening is 299.2 f 1.0. 
. Solution 7 is based on stations in the United States and Canada w i t  of the ninety-eighth 

meridian. The depth is fixed at 113.7 km. and each station or group is given equal weight.. 
The normal equations are 

6 2 ~  - 6.107~- 59.3 = 0 
- 6.107~ + 3.352549~ + 0.85683 0 

From these x = + 1.1349, y 9 + 1.8118, .and the follnula for yo is 

The reciprocal of the flattening is 301.5 f 1.5. 
The solutions numbered 8.a and 8b are based on all available stations in .the world. 

between the latitudes of station 179In, Bombay (India) and station 6 M, Scharfenstein (Ger-. 
many). The only depth of compensation for which data are available is 113.7 km., and thii. 
has therefore been held fixed. Stations with an anomaly numerically exceeding 0.070 dyne 
based on Hehert's formula of 1901 were excluded. It was found that 358 stations could be 
used. For solution 8a the stations and groups of stations were divided into 11  ones each 3. 
degrees of latitude in width; the southernmost zone includes Bombay and extends to the. 
twenty-second parallel. The other bounding parallels are the twenty-fifth, twenty-eighth, etc.. 
All stations used in these solutions are in north latitude. 

There is a total of 252 separate stations and groups of stations. Each zone was given unit 
weight. The normal equations that follow from these are 

From these x = + 0.5813, y - - 0.4008, and the formula for yo is 

Zone. 

I...... ............... 
2 ..................... 
3 ..................... 
4 ..................... 
5 ..................... 
6 ............ .'........ 

The reciprocal of the flattening is. 297.4 f 1.0. 
The fact that the mean anomalies for some of 'the zones are based on comparatively few 

stations or groups of stations as compared with the other zones suggests that it would be of 
interest to weight each zone proportionately to the number of stations ~t contains. This process 
is (except for probable errors) almost exactly equivalent to that of giving each station and each 
group unit weight. With weights thus taken, the nonnal equations for solution 8b, are 

Number Of StagypaOr 

0 
14 
13 
17 
21 
I 

Bounding 
WII~IS. 

22 
22-25 
25-?S 
!28-31 
31-34 
31-37 

Mean value 
of - e e  

---- 
-0.748 - .8SO - .609 - .510 
-.420 
-.33 

Zone. 

7 .................... 
S... ................. 
9 .................. .. 
10 ................. .. .................. 11. . 

Mean 
anomsly. 

Dunes. 
+0.0?12 + .0176 - .0062 + .GO48 
-.0009 
+.00% 

Bounding 
~ e k .  

37-40 
40-43 
43-40 
48-49 
49-52 

Number " 

33 
27 
41 
41 
14 

Mean value 
0 1 - c o s ~  

---- 
-0.318 
-.I15 - .017 + .074 
+.I85 

Mean 
anomsly. 

Dynes. 
-0.0014 
+.MWI). + .OOgg + .0108 
+.W- 
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From tlzese r = + 0.6829, y'= + 0.4353, and the forn~ula for 7, is 

The reciprocal of the flattening is 298.9 f 1.0. . 

On pages 6 3 4 7  is given a list of anomalies a t  stations in the United States computed from.tlie 
United States Coast and Geodetic Survey formula of 1916; tsllat is, for 'solution lc. Tlis  forniula 
with depth 60.0 knl. represents the ~ h s e ~ v a t i o ~ ~  somewhat better than the 1915 fol-nlula n;itsll 
depth 113.7 km. escept for the 20 stations in mountai~inous regions above the general level, for 
wliich the average anomdy with regn.rd to sign is +0.016 dyne by tlie 191 6 forniula.. It is 
therefore natural to inquire what forniul? and what deptli mould fit those stations better. The 
effect of the clinnge of del~tli on the computed c,olllpensation is large for these stations, so that 
a depth of compensation would be better clebe~~l~inecl from tlienl than from an equal number of 
stations elsewliere; However, i t  seenled to be iUogict1.1 to t&e only tlle stations above the 
general level and to esclude other stations in the sa.me regions, per11:q)s witlin rt fern miles. 
Therefore the 36 stsations in mountnino~zs regons below the general level (see p. 10s) mere like- 
wise included in the adjustment. There is no sepnrat,c colu~nn for the c o ~ ~ t s n t  t,eiws of t.llis 
solution in tlie table of observrttion equations on pages 115 t,o 120. 

This acljustnient was nlnde in two ways. First t,l~e groupswere broken up, each station 
being taAken by itself, a.nd only ttlw 56 st.at.ions ill 1110untixill01zs regions were incluclecl. . Seconcl, 
where the stations occurred new together groups were usecl, just ns in otsher ca.ses. These 
groups included four stations not in mountainous regions. 

When the groups were b r ~ l i ~ n  ~p and each station was given unit \ireiglit tlie normal equn- 
tions for this solution (called 9.n.) hecm~e:  

Fro111 tslmse x= + 1.3506, y = + 3.S37S, s = - 0.1061. The anomalies and the c's in t , l ~ s  solu- 
tion are con~l>uted for tlie cleptli of 113.7 1~111. and tlie z is n correction t.o t.liat depth. The re- 
sultiiig formula for v, is 

The reciprocal of the flattening is 305.2 f 3.9 nlid tlie deptll of colnpensntion is 110.7f 30.3 km. 
Solution 9b is based on the snnie dnttt, but t,lle flattening WAS held Gsed nt 1/398.8. The 

nornial equations for solution 9b are 

From these z= + 1.0066 and y =  - 0.6613. Tlie fornluln for To is 

The depth of compensation is 94.9 5 19.7 km. 
When the usual groups are taken, t-he normal equntio~ls for t.11~ solution (called 9c) are 

From these s= + 1.5433, y = +1.6542, z-- +0.4350. The anomalies and c's in this solution 
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are computed for the deptli 56.0 km. and the z is a correction to this deptli. The rcsulting. 
formula for yo is 

yo= 978.029 (1 +0.005336 sina q5- 0.000007 sina 24) 

The reciprocal of the flattening is 301.3, and.the depth'of comperisation is 69.3 km. 
In solution 9d the flattening is held fixed at 1/395.5 but the remainilig conditions are the 

same as in the solution 9c. The nornlal equatio~u for solution 9d are 

From these z= + 1.3977, and z= +0.1766. The resulting formula for yo is 
yo = 978.044 (1 + 0.005302 sina 4 - 0.000007 sina 24). 

and the depth of compensation ii 61.9 km. 
It is evident that the method of grouping high and low stations in forming the equations 

destroys the peculiar sensitiveness of the high stations to a change in depth. .Therefore the 
values of the deptli by the group solution (912) should not be considered as having a s t r o ~ g  
weight as compared with the values of the 'deptli by the 'single-station solution (9b). 

The'autlior believes that the depths derived from the single-station solution for. moua- 
tgnous regions are nearer.tlle 'truth even for the whole United States than any other deptli 
determined from other groups of gravity sta'tiolls. (Seep. 112.) The solutions of separate 
stations in the western part of the United States give values for the clepth of coiiipensation 
which nre gredter 'than for other solutions escep.t those mentioned above. The stations in 
the West are, in general, eitlier in mouiltaino.us regions or.on high plains. 

The results of the foregoing solutions are sunimarized in tslic.following table, which also 
contailis some additional items of information, namely, the mean v:~lue of gravity and the 
probable error of 'an observation of unit weight. Except in t.he column for the mean value of 
gravity and in the' lines for solutions 9c and 9d the presence of e value for the probable error 
of a quantity indicates that the c~urtntity in question was determined by the solution itself, and 
the absence of a, value for the'probable error indicates that the qunntit? was fixed in advance. 

Constants of the gravity fonnulas and related quantities as derived froin the various so lulw~u.  

a The observation of unlt weight is a zone. 
59337'-17-9 

Solution No. 

la ............................................. 
l b  ....................................... 
lc. ......................................... 
Id.. .................................. I.. . 
10.. .... .'. ............ ... ................ 
2%. ........................................ 
2b ............................................. 
3s.. ........................................... 
3b ............................................. 
4s.. ...................................... 
4b ....................................... 
5a ........................................... 
5b.. .................... ... ............... 
5c ................... ;... .................. 
5d. ........................................ 
6.. ........................................ 

........................ 7 ................... ;.'. 
Ba.. ......................................... 
8b ............................................. 
9a.. ................................. .. . 
9b. :....................................... i .  *.. ..................................... 
9d.. .......................................... 

Probable error 
of a n  ohen-a- 
tion of unlt 

weight. 

Dwes. 
f 0.0133 

sf .0037 
f .0135 
& .013i 

a* . m 7  

=t .0133 
a* .WA 

& -0176 
a f . c w 5  

* .01% * .01% 

f .0138 * .0142 
f .0141 
f .018 '  

f .0130 

* '.0130 

.On.ii * .U"p 

* . o m  
f .OLIS ................ ................ 

v5&",iti",- 
ity. 

DPCS. 
9iS.025* 4.9 
9%. 026* 4.6 
978.040f 1.3 
9i& 016* 1.3 
97% MI* 1.3 

978.022* 3.9 
978.0?& 3.7 

978.064* L 1 
975061f 6.8 

978 036f 6.1 
9iS.037& 1.6 

AS.OM* 9.7 
9% 049f 2.3 
978.011* 9.5 
978.018* 2.3 

978.028k 4.5 

978.023f 7.6 

978.039f 4.3 
978.032f 4.4 

97s. w.i*14.4 
978.040f 4.0 
978. 029 . 
975 044 

C G c i e n t  of 
=%. 

0.005339*11.5 
.005337*10.7 
.005303 
.OW289 . w 3 o a  

.0053%'* 9.0 

.005331* 9.2 

.005238+12.0 

.005243&1&6 

.005303&14.1 

.005302 

.0053BS*21.6 

.WE 

.0053S7*21.1 

.M)5301 

.005311~10.8 

.ba5339f168 

.005294* 11.8 

.M)5311flO.9 

.0053m+31.z 

.005302 

.00j336 
' ;0053@' 

~ ~ ~ ~ y ~ ~ ~ $ ~  
earth. 

Dynt8. 
979.762 
979.763 
979.z65 
979.168 
,979.766 

979.757 
979.i57 

979.768 
979.787 

'979.762 
979.782 

979.786 
979.774 

. 979.iM 
979.572 

979. i56 

979.700 

979.761 
979. iW 

93.756 
979.785 

. 979.7G5 
979.769 

Recipryal of 
f l s t t e q .  

301.4*1.0 
301.3fl.O 
2953 291.0 
298.2 

30(X 4*0. 8 
300.7fo.S 

.29?.6-+1.0 
93.0f1.1 

298.3*1.2 
a 8 .  2 

3W.lf2.0 
298. 3 
305.S&l.9 
29s. 2 

39. 2f 1.0 

301.5&1.5 

3 7 . 4 i l .  0 
298.0f1.0 

3a5.2*?. 0 
295.3 
301.2 
295.2 

Depth of !om- 
pensahon. 

r~n. 
70.9&10.0 
69.6*10.4 
M.O& 9.5 
54.1~ 9.7 
57. ZA 9.8 

113.7 
113.7 

................ ................ 
54.9&16.8 
54. I f  14.9 

67.6f12.9 
54.9fli.6 
S7.5f10.6 
70.4&10.8 

113.7 

113.7 

113.7 
113.7 

110.7*2a3 
94.9+19.7 
69.3 
GI. 9 
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STATEMENT CONCERNING THE VARIOUS SOLUTIONS THE RESULTS OF WHICH ARE GIVEN I N  THE 

ABOVE TABLE. 

In-the solutions in which separate stations and groups of stations were used, each separate 
station and each group of stations was given unit weight. 

In the solutions in which the stations were taken by zones, each zone was given unit weight, 
except in solution 8b. 

UN~TSD STATZS BTATIONS, SOLGTIONS ~s TO ie. 

la. Separate atations and groups of atations mere ueed in the determination of equatorial gravity, the flattening and 
the depth of compeneation. 

lb. Zonea were used in the determination of equatorial gravity, the flattening, and the depth of compenaation. 
lc. Separate atations and groups of atatione were used and the flattening was held fixed at 11298.2 in the determins- 

tion of equatorial gravity and the depth of compensation. 
' 

Id. Separate atations and groups of station8 were used and the flattening waa held fixed at 11297 in the determina- 
tion of equatorial gravity and the depth of compensation. . . 

le. Zonea.were wed and the flattening was held fixed at  11298.2 in  the determination of equatorial gravity 'and the 
depth of compensation. 

2s. Separate atations and groups of atationa were used and the depth was held fixed at 113.7 km. in the determi- 
tion of equatorial gravity and the flattening. 

2b. Zones were used and the depth was held fixed at 113.7 km. in the determination of equatorial gravity and the 
flattening. 

UNITED STATE8 AND CANADIAN STATIONS BY TEE FREE-AIR METHOD OP REDUCTION, BOLUTIONS 8& AND ~ b .  

3a. Separate atstiona and groups of stations were used in the determination of equatorial gravity and the flattening. 
3b. Zonea were used in the determination of equatorial gravity and the flattening. 

4a. Separate stations and groups of atations were used in the determination of equatorial gravity, the flattening, and 
the depth of compensation. 

4b. Separate atationa and groupa of atationa were used and the flattening was held fixed at 11298.2 in the d e t e d n s -  
tion of equatorial gravity and the depth of compensation. 

UNITED FATES 8TAmON8 WEST OF TEE NINETY-EIGHTH MERIDIAN, SOLUTIONS 58 TO bd, 

6s. Separate atations and p u p s  of atations were used in the determination of equatorial gravity, the flattening, and 
the depth of cornpeneation. 

6b. Separate stations and groups of stations were uwd and the flattening waa held fixed at 11298.2 in the determina- 
tion of equatorial gravity and the depth of compensation. 

5c. Separate stationa only were used in the determination of equatorial gravity, the flattening, and the depth of com- 
. pensation. 

5d. Separate stations only were used and the flattening was held fixed at 11298.2 in the determination of equatorial 
gravity and the depth of compensation. 

UNITED STATES AND CANADIAN ETATION8 EAST OB TEE NINETY-EIGECH YEUDIAN, 80LWIION 6, 

6. &mate atations and groups of stations were ueed and the depth was held fixed at 113.7 km. in'the determhati'on 
of equatorial gravity and the flattening. 

UNITED BTATES AND CANADIAN BTATIONS WESf OB TEE NINETY-EIQETH MERIDIAN,, SOLOTION 7. 

7. Separate atatione and groups of sktiona were ueed and the depth wae held k e d  at 113.7 km. in the determination 
of equatorial gravity and the flattening. 

mATIONS IN TEE UNITED STATES, CANADA, BWITZERLAND, IN-, ITALY, OEBYIANY, AND A.USTEU, 8 0 L m O N . 8  @.AND 8b. 

a. Zona were ueed, the eonee having equal weight, and the depth was held fixed at 113.7 km. in the determination 
of the equatorial gravity and the flattening. 

8b.'Zonee were used;the mnee weighted according to the aggregate number of etationg irnd group$'in p zone, and the 
depth waa held fixed at 113.7 km. in the determination of equatorial gravity and the flattening. 
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UNITED STATES STATIONS IN MOUNTAINOUS REOIONS, SOLUTIONS 8a 'k Bd. 

9a. Separate stations onlv were used in the determination of equatorial gravity, the flattening, and the depth of 
compensation. 

9b. Separate stations only were used and the flattening was held fixed at 1/29S.S in the determination of equatorial 
gravity and the depth of compensation. 

9c. Separate.stations and groups of stations were used'in the determination of equatorial gravity, the flattening, and 
the depth of compensation. 

9d. Separate stations and groups of stations were used and the flattening was held fixed at 11298.2 in the determina- 
tion of equatorial gravity and the depth of compensation. 

For completeness and for comparison with the above formulas for the intensity of gravity 
there is given here Helmertk most recent formu1a.a With probable errors attached it reads: 

in which 4, as usual, is the geographic latitude and X is the longitude from Greenwich, east longi- 
tude being positive. The formula corresponds to a spheroid with three unequal axes, the shorter 
equatorial axis being in longitude 73' east from Greenwich and the longer, which exceeds the 
shorter by 230 m., in longitude 17' west of Greenwich. The reciprocal of the mean polar 
flattening is 296.7f 0.4. ' The mean value of gravity over the sphere is 979.7.71 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 given 
reduced' weight. The coefficient of sina 26 is based on theory. (See p. 113.) The coast 
stations were used iu determining all other constants except the h t  one, which from coast 
stations alone had the special value of 978.068 dynes. The precise number of coast stations 
is not given. The formula, when the f i s t  coefficient is used as 978.052, represents gravity 
reduced by the free-air method for stations in the interior and not in mountainous regions. 
No tests have yet been made to determine how well this formula represents gravity in the 
United States. 

Hehe r t  derived s depth of compensation of about 120 knl. from data for 51 selected 
coast stations distributed tlvoughout the earth's s ~ r f a c e . ~  He used in his determination the 
differences between the observed vducs of gravity reduced to sea level by the free-air method 
and the values at  sea level computed by his 1901 formula. The observed values were in general 
considerably greater than those computed. 

The stntions were arranged in several groups, each group containing the stations in some 
special type of topography, and s depth was derived from the data for each group. namely, 
that depth for which the correction for topography and isostatic compensation would account 
for the mean observed free-air anomaly of the group. For group 1 it was 107 km., for group 
2 it was 134 km., mid for groups 3 and 4 together 133 km.; the.mean value was 118 km. 

If the free-air method of reduction is used, Helnlert's formula of 1901 should represent. on 
the average, gravity at stations in the interior, not in mountainous regions. But for stations 
in this class in the United Stntes the average anomaly (free air) is +0.009 dyne. (See p. 67.) 
If the equatorial constant were increased to 978.039 to represent this class of stations 
better, the anomalies of the coast stations would be correspondingly reduced and the depths 
'indicated would be: Group 1, 80 km.; group 2, 89 km.; groups 3 and 4 together, 78 lim., 
with a mean of 83 km. Helrncrt's 1915 formula indicates that gravity in the United States 
is slightly bellow normal, for according to the formula minimum gravity occurs in longitude 
10iO west, and if allowance were made for this the previous correction of +0.009 dyne would 
be further increased and the resulting depth further diminished. A rough estimate of the 
effect of using Helmert's 1915 formula may be obtained by noting that according to i t  

aSitzungsberichte der G&lgllch Preussischen Aksdemle der Wlssenschaften, No. 41 (19151, p. 678, entitled "Neue Fonneln iOr den Verlauf 
der Schwerlxalt in Meerc@veau balm Fcstlande." 

b EncychpMh der Msthematlsahen Wissensobenen Band VI lB, Heft. 2 Die Sobwwlaan und dle l f m e n v m u n g  der Erde, p. 140. 
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average gravity over the unit sphere is 0.016 dyne greater than according to his 1901 formula. 
If the anomalies in each group are diminished by 0;016 dyne, the depths implied are: Group 1, 
62 km.; group 2, 64 km.; groups 3 and 4 together, 46 km.; m a w  the mean 58 km., which is 
about the value found by the various solutions for the United States, except the solution from 
the 56 stations in mountainous regions. This 58 km. by Helmert's method is of course based 
on anomalies at  coast (and probably largely Cenozoic) stations, which, as is indicated in other 
parts of this. volume, are subject to systematic errors due to smaller densities than normal in 
the upper strata of the earth's crust. While the value of 58 km. agrees well with the depth 
given for the Coast and Geodetic Survey formula for 1916 for the United States, i t  should not 
necessarily be considered as.being nearer the truth than the greater depths. 



Chapter 1X.-SUXBUBY. 

The group of publications of the Coast and Geodetic Survey dealing with cleflection~ and 
gravity values shows that isostasy exists in a form nearly perfect in the United States as a whole, 
also that there is nearly perfect isostasy in areas which form comparatively small percentages of 
the area of the en,tire c.oumtry. 

The conclusions whicli may be drawn from the investigation reported in this volume sub- 
stantiate to a great extent the conclusions arrived a t  from previous investigations. This is an 
important fact, for 70 per cent more gravity stations in the United States were used at this time 
than in tlie preceding gravity investigation and many stations in Canada, India, and Europe, 
for which data were tivailable, were also used. 

The depth of compensation was derived from the 216 stations in the United States and was 
found to be 60 km. When the stations were divided into different groups, other depths were 
obtained. They agreed in genera.1 with the value determined from all of the stations. An 
exception is in the case of the stations in mountainous regions, 56 in all. The values of the 
depth of compensation determined from these are 111 km.'and 95 km. on two somewhat different 
assumptions. Owing to the fact that a t  stations in mountainous regions above thegeneral level 
the values of gravity are very sensitive to achange in depth, i t  is believed that the value of the 
depth determined from tliestations in nloun tainous regions has greater strength than the other 
values. 

The author believes that the best value for the depth of compensation is the mean of the 
Hayford valuea of 97 h., which was obtained from deflection data at  stations in mountainous 
regions and the value of 95 km. derived from gravity data at  stations in mountainous regions. 
This mean is 96 km. The author believes that future values of the depth of compensation de- 
rived from much more extensive data will fall between 80 and 130 km. (See p. 113 and fig. 8. 

For the United States there was found a decided relation between the sign of the Hayford 
gravity anomnlies and the coast. The reason for this is explained in the following paragraphs. 
There was no relation found between the sign and the size of the Hayford anomalies and any 
other class of topography. There were found the usual relations between the elevations of the 
stations and the gravity anomalies bised up011 the Bouguer and the free air methods. (See 
p. 61 and figs. 13 and 14.) 

Decided relations were found in the United States and in India between the sign of the 
gravity anomalies and tlie Cenozoic geologic formation. The anomalies at  stations located on 
'this formation tend to be negative. In the United States a number of the Cenozoic stations are 
located on or very near the.coast. As stated above, there appeared to be a relation between 
the gravity anomalies and the coast. This is probably explained by the presence of the very 
light material of the Cenozoic formations, which is piesent along nearly all the Atlantic and Gulf 
coasts of the United States. It seems probable that the negative anomalies a t  Cenozoic stations 
are in large part due to the presence of subnormal densities in the upper crust below sea level. 

There were found decided relations between the pre-Cambrian, Paleozoic, and Mesozoic for- 
mations and the sign of the ~ a ~ i t y  anomalies for the area of the United States. No very defi- 
nite relations were observed m Canada and in India. (See pp. 70-84.) 

It was found as a result of certain computations and inve~t~igations that local distribution 
of the'compensation of a topographic feature is in general nearer the truth than regional dis- 
tribution of the compensation out to the outer limit of zone 0 (167 h.). It is not clear whether 
local distribution is more probable than the regional distril~ution out to the iimit of zone M 
(59 km.). (See pp. 91 and 92.) 

a From A ~u~p:emenlal Investigation in l9OB of the Figure of the Earth and Isostasy. 
133 
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The difference in the anomalies a t  two stations which are close together horizontally, hut 
which have a large diflerence in the elevations, seemed to indicate some error in the heisht 
formula used to compute the correction to gravity for the elevation of the station above sca 
level: -4 careful study of the matter showed no error in the formula, but i t  seemed to indicate 
tha.t the difference in the anomalies could result from 'the combination of several causes no one 
of which could alone make the difference. (See pp. 93-96.) 

The best formula resulting from this investigation with which to obtain the theoretical value 
of gravity at  m y  latitude in any part of the world was derived from 216 stations in the United 
States, 42 in Canada, 73 in India, and 17 in Europe, 348 stations in all. (See solution Sn, p. 127.) 
For each of these stations the reduction for topography and isostatic compensation had been 
made by the Hayford method, using the same or very similar tables to. those in Special Publi- 
cation 'No. 10. 

The formula is 
ro = 978.039 (1 + 0.006294 sina 4 - 0.000007 sina 24) 

in .which 70 is the value of gravity sought mid 4 is the latitude of the station. 
The first term of the formula is the theoretical value of gravity at  the equator. From the 

constants of this formula was derived a value for the reciprocal of the flattenbig of the earth, 
which is 297.4. This value of the flattening is very close to other values recently derived from 
geodetic data in the United States and elsewhore. In the author's opinion i t  ma.y be considered 
as a t  least equal in strength to any other value derived from geodetic data. I t  is only 0.4 1a.rger 
than Hayford's best value from deflections, 297.0. .It is only 0.8 lees than Helniert's value 
of 1901, and only 0.6 lower than the author's value of 1912. I t  is only 0.7 larger than Helmert's 
value of 1915. 

The values of the terms in the other gravity formulas and for other depths of compensation 
are of interest and value as showing how conditions may be different in different parts of the 
country. The table of values shown on page 139 is remarkable in showing values which are so 
&codant although derived from data under different conditions and in dzerent areas. 

If we assme tl& all the differelices between the ~bsemoc! nnd computed values of g r a ~ i t y  
in the United States are due to errors in the assumed equatorial gravity and the depth of corn-. 
pensation, then the. most probable gravity formula derived from data in this country alone is 

7,- 978.040 (1 + 0.005303 sina 4 - 0.000007 sin' 34) 

and the derived depth of compensation is 60 h. The equatorial value of gravity in this 
formula agrees well with t.he world formula. I t  is from this formula that the 1916 Hayford 
anomalies were computed. 
, From the various evidence i t  may be concluded that the average depth is probably greater 
than 60 km. As stated above, i t  is probably not far from being 96 km. . 
. The cause of the greater part of the anomalies is believed to be in general the deviation 
from normal in the densities in the upper.crust probably not far below sea level. 
. The study of the tables and maps acco~npanying this volume will convince one that in the 
regions considered the deviation of the earth's crust from s state of perfect isostasy is slight, 
even for areas of comparatively small size. . 

. . The evidence near Seattle, Wash., Minneapolis, Minn., and Washiigton, D. C., is conclusive 
that the cause of an anomaly is not regional in extent. If it were, the anomalies which are close 
together would not show such changes in sign and size. 

A problem presents .itself to the geodesists of the world which can be easily solved: It is 
that each nation reduce its own gravity stations for topography and isostatic compensation by 
.some rational method and publish the results. It will be well if the same systeni is employed 
by each nation, and to this end the International Geodetic Association will no doubt gladly lend 
its aid. If this work were done, the results would be of very great value to many branches of 
dence. 
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PART 11.-SUMMARIES OF GRAVITY OBSERVATIONS AND 
DESCRIPTIONS OF STATIONS. 

CHAPTER I;-ABSTBACTS OB RESULTS. 

In  this part of' the volume are given the abstracts of the observations made . a t  the base 
station in the office of the United States Coast and Geodetic Survey a t  Washington, D. C., and' 
a t  the field stations in the United States established in 1909 and later years, for which similar 
dtita have not already been published iii the various reports of the Survey. There are also' 
given the descriptions of all the stations. 

An index on page 187 gives the names of the stations and the pages of the vtirious publica- 
tions in which gravity data may be found. . . 

STANDARDIZATION OF THE PENDULWS AND METHODS OF OBSERVING USED I N  THE FIELD. 

. As is stated on @ege 49, the pendulums were standardized at the Washington station 
before and after a field season or between two seasons which were not long separated in time.: 

Usually the mean of the two .values of the periods of a pendulum determined at the base. 
station before and after a season's field work was used in the determination of the relative 
intensity of gravity at  the field stations. An exception to this general rule occurred when it 
was found, rtft.er the season extending from June to December, 1909, that the periods of the 
pendulums had been affected between standardizations by a film of foreign substdce, which. 
had accumulated on the agate planes of the pendulums. Upon the removal of the 6lm the 
pendulunls resumed ilearly their former Washington periods. (See p. 141 .) 

Beginning with the standardization of the pendulums in 1912, each of the pendulums had 
its period deternlined each time by swinging it continuously between consecutive determina- 
tions of the .clvoaometer corrections. This plan h.as been followed since that time, both st 
the base station and in the field in establishing new stations. The 'previous custom had been: 
to swing all of the pendulums of a set during the. interval between two determinations .of 
the chronometer co~~ections. I t  was only occasionally that more than two determinations of 
the chronometer corrections were made at a station. 

Each of the pendulums of a set is now swung for at  least 24 hours in three periods of 8 
hours each, while previously each pendulum was swung for only 16 hours at  a station in two 
periods of S hours ear11 unless usfavorable weather prevented time observations on the stars" 
at  the end of the 4S-hour pc!riocl. In the e'arlier work the variation in the' rate' of the chronom- 
eters would occasionnlly make n large range in the values of the gravity at  a station determined 
by the separate pendulun~s, but the lllenn of nll the values was free from the effect of change 
in rate. 
. In  the present method, where the period of a pendulum is obtained from separate time 
determinations, the result for any one pendulum is not affected by variation in the rate of the 
chronometers. 

ABSTRACTS OF RESULTS. . 

I n  the table on pages 144-176 are given the pendulum observations and reductions for the 
stations in the United States which were determined in 1909 and later years. Similar data 
for the stations established before that year are given in other publications of the Survey, 
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which are indicated in the index on page 187. The number of a station is the same as was 
used in the various tables and the discussion in Part I. of this volume. (See especially the 
table on pp. 50-52.) 

The tables need little explanation. Under the heading "Total arc" are given the values 
of the arc through which the pendulum oscillates a t  the beginning and a t  the end of a period 
which is usually about 8 hours long. The period given has been corrected to reduce to an 
infinitesimally small arc. 

The standard temperature is 15' C., and a correction is applied to the period for any devia- 
tion of the observed from the standard temperature. The standard pressure of the air in the 
pendulum case is 60 mm. of mercury. A correction must also be applied for deviations of the 
pressure from the standard. 

Finally there is the correction for fle-me. This is necessary because the force of the 
pendulum in motion makes a sympathetic swinging of the pendulum case and its support, 
and this in'turn react's on the pendulum and affects its period. The flexure is determined by 
means of the interferometer, which is described in Appendix 6 of the Report for 1910. The 
flexure of the case and its support makes the period too long, and consequently the correction 
necessary to reduci the period t o  what it would,have been in a rigid structure is negative. 

It will be noticed that the period of a pendulum is determined by its comparison with each 
of. two chronometers. This is done to avoid mistakes and to make the effect of accidental 
errors smaller. 

The coincidence interval, as its name suggests, is the time which elapses between two 
consecutive coincidences between the beat of the chronometer and the swing of the pendulum. 

The pendulums were swung in the direct position in all cases, both a t  the base stations and 
in the field. This fact is indicated in column 3 of the tables. The pendulums are designated 
as A4, A5, and A6 in one set and B4, B5, and B6 in the other. The pendulums used are indi- 
cated in the second column. 

The tables do not state whether there were local time observations or compririsons of the 
chronometers with the noon signals sent out from the Naval Observatory over the commercial 
telegraph lines (The Western U~lion and Postal TelegaphCompanies). I t  is evident, however, 
from the data in the columns of corrections for rate that there was such a determination between 
the two swings where a change in the rate corrections occurs. If the rate corrections a t  a sta- 
tion are the same for each swing, then there were only two determinations of the chronometer 
corrections a t  that station, one at the beginning and the other a t  the end of the entire set of 
observations, as i t  is quite - unlikely that the- computed rates during two intervals between 
three different time comparisons would come out exactly identical. 

. During the h t  season of 1909, the season of 1914, and the h t  season of 1915 pendulum 
B4 showed great changes in its period. Careful inspection of the pendulum failed to discover 
any cause for this. I t  was finally decided to strengthen by an additional rivet the connection 
between the stem and the bob; after this was done no further trouble occurred. 

There is given below a summary of the periods at  the base station of the six United States 
Coast and Geodetic Survey pendulums. These periods were used in computing the relative 
intensity of gravity at  the field stations. 
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8ummry of periods of pendulums rcrmlting fipnr skmdardGaationa at the base station, Coast and Geodetic Survey O f i a ,  
Waahigtm, D. C. 

- 
a The mean was used. 
b Ratecorrections were determined from star observations. 
c Hatecorrections were determined from the noon signals sent by telegraph from the Naval Observatory a t  Washington, D. C. 

During the second season of 1909, mentioned on page 139, in which t.he periods of the 
pendulums were affected by films of foreign substance on the agate planes on which the 
pendulums swing, W. H. Burger established the following stations in the order given. The 
table shows which stations were reoccupied, the name of the second observer, and the value 
of gravity adopted. 

Observer 

W. H. Burger 
Do. 
DO. 
Do. 
Do. 

DO. 
H. D. Iiing. 
T. L.Warner. 

Do. 
D a  

C.L.Gmeraad 
I. D. Powell. 

- 
Date - 

............... January,19 M)... ................... .... 
June, 1808.. ...................................... 
November 1809.. .................................... 
~ecember,'l909.. ............................... 

Do.. .... :. ..................................... 
Hay 1910.. .................................... 
octoher, 1910.. ............. ... ................. 
June 1911.. .......................................... 

60 ............................................... 
January, 1912.. ........... ..... ..................... 
July, 1914.. ........................................... 

In order to strengthen the field work, stations Hughes, North Hero, and Iron River were 
reoccupied as is indicated in the above table. The King and Warner values were adopted for 
North Hero and Hughes, respectively. The Burger value for Iron River when the November 
4 to 10,1909, Washington periods were used differed only 0.006 from King's value. The'meari 
of the two determinations for that station was adopted. The November 4 to 10, 1909, Wash- 
ington periods were also used in computing the value of gravity at  Ely, Pembina, and Mitchell. 
(See p. 87. of Special Publication No. 10). 

For Cloudland the Washington periods of November 4 to 10, 1909, and Warner's periods 
at  station Hughes were used as standard values. North Hero and Iron River, with their 
adopted values of gravity, were used as the base stations for Lake Placid, Potsdam, Wilson, 
and Alpena. Hughes and North Hero, with their adopted values of gravity, were used as 
bases in determining the value of gravity at Fort Kent. 

From July, 1914, until January, 1916, the chronometer corrections at  the base stations 
and a t  field stations were obtained froni comparisons with the noon signals sent over the 
lines of the Western Union and the Postal Telegraph companies from the Naval Observatory 
at Washington. At the beginning of each month the corrections to the time as sent out by 
the observatory were furnished for each day of the precedmg month. These corrections were 
seldom greater than 0.10 second. Before the year. 1914 the chronometer rates were deter- 
mined by the gravity parties from local time observations on the stars with an astronomic 
transit. 

Do.. ...................................... 
January,l915.. ................................. 
July 1915.. .......................................... 
~an ia ry ,  1916.. ................................... 

~ e e n . .  ........................................ 
-- 

Mean periods 

-- 

Number and name of station 

,102. Cloudland Tenu... 
103. Hughas. ~'enn ................... 
108. Fort Kent, Me. 
85 North Hem V t  ................... 
88: ~ a k e  ~ ~ a c ~ d  N. Y 
87. potsdam, N: Y.. 

.5008389 .~08613 .imtma ............ .5007219 .wo1oa6 
-- 

A4 
0.500S393 

.5005320 

.50a5362 

.5.WSW 

.500853 

.%XW&S 
%XIS74 

.5008360 

.5OOS392 

SNS377 

- 

A5 
0.5008615 
.5006612 
.5008561- 
.5M)R595 
.5006592 

.SO06585 

.so06602 

.500881S 

.5MW822 

.5008835 

.5008633 

-. 

B6 
0.5007031 
.5007036 

.5007040 

.5007016 

.5007042 

b. 5007026 

A6 
0.5006240 
.5006251 
.500R208 

a. 5MYI%R 
a. 5006234 

.5008933 . -7 
a.5GU6285 
a.5008268 
.5008886 

D. X06287 

zz7 : 
983.883 

I '  zd 
l- 

B4 
0.500S091 

.5OW29 

.5008257 ...... .;. 

.SO08246 

.50081!26 

.5M)8111 

Number and name of station 

SS. Wilson N. Y. 
89. ~ l ~ e n a '  Mbh.. 
5 i .  Iron ~ h r ,  Mi&. ................. 

............................................... 
T. L. Warner.. ... ................................................... 
H. D. ICing ....... ................................................ ................................................. 

B5 
0.5007230 
.5007212 

.................................... 
.SO07220 ........................... 

.................................... 
.*7azo .................................... .................................... 
.5007333 

.5007225 

lgr,","y$$f- 
.................................................... ................................................... 

H. D. King... ..... 979. 553 

................................................ 



The tests at  the base station and at fidd stations showed that the time by telegraph gave 
as satisfactory results as the time determined by local astronomic observations. Of course 
'there were errors in the absolute time as received at a field stntion over the telegmpll wires clue 
to.the time of transmission, but this error was probably very nearly the same for each day at a 
station, and the effects on the rate determinations of the chronometers were not appreciable. 

In  the table on page 141 there are given the results of two standardizations in  July, 1914, 
one with local'time and the other with time from the observatory. The two iesults agree.closely. 

There are given below the values of the gravity at  three stations, a t  ' d i c h  both local and 
Naval Observatory time was useci in rating the chronometers. The values indicate that the 
observatory time by 'telegraph is. satisfactory. 

The use of the observatory time msterially lessens the work and the cost of establishing 
a gravity station. 

There is given below a table which shows the chronometer rates at  stations near and at others 
which are distant from Washington. These rates were determined from the comparisons with 
the Naval Observatory time received by telegraph. The range in the daily rates a t  the distant 
stations is about the same as the range for the near ones. As there are two chronometers, it 
can be seen whether the rates are due to errors in the t h e  signals or to conditions not connected 
with those signals. For instance, when the rate for one day is considerably lower by both 
chronometers than for the other two days i t  is probable that this is due to the time signals. 
.This. might be the case for .the first 24-hour period a t  station 194 (Huntley, Mont.). This is 
&o the ' k e  for the h t  interval st ststion 232 (lfoorcroft, Wyo.). Here the error was of 
such size that' the observer swung his pendulums a fourth day. On the other hand, a t  station 
192 (Poplar, Mont.) the third day gives a low rate for one chronometer and a normal rate for 
the other, and the cause of the variation of the first could not have been an error in the time 
signals. ' 

The chronometers are subject to the temperature changes which occur in the pendulum 
mom, which no doubt cause variations in the rates, but, as the pendulums are swung almost 
continuously for the interval between the determinations of the chronometer corrections, no 
appreciable errors enter into the mean period for a pendulum from the variation in rate. 

Name of station O w v e r  
Observed -1-lty 

9i9.346 
979.315 
$9.343 
,950.341 
979. i20 

Date 

1911 
1914 
1911 
1914 
1896 

Wilmer, Ala ................. ........ ..... 
............. Albany, N. Y.. ............... ............ ................................ Little Rmk, Ark ... ............ J. D. Powell.. .. 

Time used 

....... Low1 time. ... Nom signals. ;. ....... Lomi time. 
Noon sigmls. ...... ....... Loml time. 

1914 ... .Noon signals.. ; I 



INVBS'I'ItiATIOSS OF GRAVITY A S D  ISOSTASY . 
Chmoj i~e ler  mtes . 

STATIONS NEAR W.4SHTNGTON (MAXIMUM DISTANCE 800 KM.). 

STATIONS DISTANT FROM WASHINGTON (MAXIMUM DISTANCE 2700 P M  . . MINIMUM DISTANCE 1430 EM.). 

Wumber a d  name of station 

146 . Richmond, \*a ............... 

147 . Jimporia. Va ................ 
148. Greenville, N . C ........... 
149 . Wilmington, N . C ....... .... 

................. . . 150 Cheraw. 8 C 

151 . Charlotte, N . C .............. 
Winston.Sslsm. N C . . ........ 

l62; Asheville, N . C .............. 
153 . Clnvdand. Tenu ............. 

Daily ;ate3 

Date.. 1915 

~ e i l  . 6-10 ....... 
Feh . IU-11 ..... 
Feb . 11-12 ..... 
Fnb . 24-23 ..... 
Beb . 25-26 ..... 
Mar . 9-10 ...... 
Mar . 10-11 
Jlar . 11-12 ..... 
hlar . 16-1; ..... 
Itar . 17-1s ..... 
Mar . IS19 ..... . ..... Mar 26-26 
Mar . 5 %  ..... 
a . - 3 0  
Apr . FG ....... . ....... .4pr b-7 
Apt . 7-8 ........ 
Apr 12-13 . ..... 
Apr . 13-14 ..... 
A . 4 1  . ..... Apr . 22- 2S 
Apr . 23-24 ..... 
-4 pr . 24-2G ..... 

. Apr.30.May 1 
l lnv 1.2 ....... ....... Mai2-3 

Chro- 
nometer 
No . IS% 

Scconds 
--3.47 
--3.71 
--3.45 
--3.92 
.3 . SO 
.3 . $3 
4 . 1 9  
2 
-234 
.1.51 
.1.1 
4 . 2 0  
+0.27 
+0 . 45 
+0 .0  
+2 2i3 
+1.92 
+1.01 

--1.92 
--1.1;5 
--2.W 

Date. 1915 

..... May l b l 2  ..... May 1'2-13 ..... 31av lb14 ..... Na '\. 19-20 
3Iai 23-21 ..... 
Alav 21-22 ..... 
k'ok . 18-19 .... .... Xo\~.19.21 . .... Nov 21.22 
Nor . 27.28 .... 
Nov . 2.5-23 .... . .... Nov 29-30 
Dec . 3-4 ....... 
Dec . 4.5.i.. ... 
Vec . 5-6 ....... ..... . Dec 11.12 . ..... Dec 12-18 
Doc . 13.1 4. .... 

1 3 6  . . ....... Jan 8-9 . ...... Jan 9-10 
Jan . 10-11 ..... 

chro- 
nometer 
No . lM1 

-- 
Stzoncb 

--3.23 
--3.40 
--3.80 
--3.55 
--3.61 
--3.43 
+3 . OS 
+3.45 
+3.55 
+2 55 
+2.35 
+2.46 
+?.?I 
+3.34 
+:%.do 
+3.41 . +:3 72 

' +:.a 

+3.35 
+3.3% 
+3.57 

Date. 1915 

. .... Scpt 29-30 
Sept 3041% . 1 . 
Oct . 1-2 ....... ..... . O?t 5-7 
0-t  . i-8 ....... 
act . P-9 ....... . .... Oct 12-13 
0 %  . 13-14 ..... 
O h  . 14-15 ..... 
Oct ..la; .1G ..... 
o ~ t  . 3-21 ..... ..... Ozt.21.22 
Oct.23.27 ..... 
Oct . 26.2. ..... 
O?t . 27-25 ..... 
Ort . 2S-29 ..... 
h'ov . 2.3 ...... 
Nov . 8-1 ...... 
Nov.4-5 ...... 
Kov . lO.11 .... 
Rnr . 11.12 ... 
KOT . 12-13 .... 

Number and nome of station 

1BB . Abe.rdeen, S . Dak ......... 
187 . Faith, S . Dak ................ 
IS9 . Towner, N . Dak ............. 
190 . Crosby, N . Dak .............. 
192 . Poplar, Mont ................ 
18% Marmarth, N . Dak ....... 
193 . Milescity, Mont ............. 
194 . Hmtkp, bfont .............. 

Daily rates 

Kumber and name of station 

155 . k n o m i ~ e .  Term ......... .... 
. .................. 156 Bristol. 1's 

XN . WaUrel. 3rd .................. 
212.' Rockville. >Id ............... 

214 . F a i r k ,  Va ................. 
' 

. ......... 213 tipper Marlboro. Md 

......... . 219 Haeerstcnrm. Md .... 

Ilaily raws 

Chm- 
linmeter 
KO . 19'23 

S ~ o n 3 s  
--2.31 
4 . 3 3  
4 . 1 7  
- 1  4 
.I.= 
.3.01 
0.00 

.1.0 
-0 .4  
.1.01 
.l.m 
-L16 
--1.19 
--I.% 
.1.M 
.1.91 
1 .  
-L Fd 
-LIP 
.&2i 
.3.38 
-2 W 

Chro- . 
nometer 
KO . 13% 

Scconds 
. 3 . ~  
--3.7s 
.3.99 
.2.57 
2 . 2 s  
.3.1 ............... 
.3 . S 
--3.61 
.3.S 
--3.66 
4 . 5 3  
--3.S 
.3.46 
.ZG5 
.a64 

2. W 
4.38 
.3.51 
--3.55 
.4.03 
4 . 1 4  
--9.97 
.3 . RS: 
3 . % 
--3.75 

Date. 1915 

Aug . 5.8 ...... 
Aug . 6 7  ...... . ...... Aug 7-8 
-4ug . 12-13 .... . .... Aug 13-14 
A U ~  . 14.1s .... 
Aug . 20.21 .... 
Aug . 21-23 .... 
.tug . 23-U .... 
Aug . 27.28 .... . 2-29 .... .... . dllg 2930 
Sept . 2-3 ...... 
Sept . 3.4. ..... 
Snpt . 4-5 ...... 
Sept . 10-12 .... 
Sept . 12-13 .... 
Bnpt . 13-14 .... 
8Ppl . 17-18 .... 
Sept . 1'19 .... 
Snpt . 13-20 .... 
Sept . 22-Z3 .... 
L p t  . Z1--24 .... 
b p t  . 24-25 .... 

Cl, m. 
nomet~r  
Iu'o . 163s 

-- 
S m d s  

+2 17 + 2. IS 
+2.13 
+2 1Y 
+2.67 
+ a s 6  
+4.12 
+2.M 
+3.31 
+3.% 
+?.4s 
+2.% 
+20S 
$3.38 
+3.% 
+3.01 
+213 

f?: 
+3.56 
+3.% 
+L22 

- 

chro- 
nometer 
KO . I l l  

-- 
Srconds 
. 2. (17 
--? . I l i  
42.27 
-2 IS 
.l.B 
--2.83 
-2 97 1 
-2 56 
--2.S 
.2 . G3 
4 . 6 3  
-2 S'J 
.3.15 
4 . 9 2  
--1.87 
-2 C5 
4 . W  
-2 i3 
.4.10 
42.93 
4 . 2 1  
--3.36 
--3.22 . --3 IN 

. 4 . 6 4  
-3- 12 

1 
Number and name of station 

............. . 195 Lander, mryo 

........... . 1% ~ d ~ e r n o n t ,  s . ' ~ a k  

. 203 Moorcrolt, Wyo ......-....... 

. .............. mi . wssta, s D ~ L  
. 

208 . \.alentine, Kebr ............. 
XI5 . Randolph, Xebr ............. 
20& Leon, I o m  ............-.-..- 

~ a i l ~  rates 

Chro- 
nometer 
No . 1828 

Srconda 
--2.10 
.2.21 
--2.14 
--2.18 
.2.24 . .I PO 
--1.61 
.1.W 
--1.91 
--1.94 
.i.a 
--1.86 
--1.75 
.1.37 
.1.01 
--O.SO 
--].I0 
-1 1 
--1.01 
--].IS 
.1.52 
4 . 1 3  
4 . 3 9  
--0.68 

. . . . . .  

Chro- 
nometer 
No . IS38 

-- 
Sctonds 

+6 14 
+a26  
+a34 
+b02 
+7.21 
+Z rs 
+7.57 
+i.63 
+623 
+3.61 
+525 
4-4.97 
+574 
+5 6F 
+ 5 . 3  
+4.?5 
+4.m 
+S.N 

. +1.44 
+1.53 
+l.m 

' +I  . 08 
+1 . 36 
+ l  . 4; 



Station and obsarver 

Wmhington, D. C., 
C a t  and Geodetic 
Surve Office Wib 
liam H. BW&. 

Pendtluin observations and d c t i o r a s .  

[Chronometer numbers am shown in boldlaced type, both in box headings and the body of the table.] 

Coincidence in- Total an: , 
tarval 

' Period uncorrected Corrections (seventh decimal place) Period corrected 

Tem- Rate 
Swing D~~ per* p* No. lurn tion Chr* am3 9 y - 9  9 -. 

nome no111a Ini- ture Chronom- Chronom- Tem- 
p, Chro- Chr* Flex- Chronom- Chronom- 

ter No. ter No. tial oter No. eter No. Are 
pam& - nom- are eter No. eter No. Mean m 

1823 lS4l 1823 1841 1823 1641 etar eter 
No. No. 0 
1823 1841 

m.8. ...... 3l3.41 
Dec. 8 ....... 314.30 
Dec. 9.. . ... . 311. 
Dw.~... . . . .  311.97 
Dec. 10.. .... 314.12 

I 
Dm. 10 ..... . 315.76  an. 1.. .. .. . 319.48 
Jan. 2. .  . ... . 319.04 
Jan. 2.. . . . . . 319.58 
Jan. 2 ....... 319.33 
sari. 3 ...... . 31851 
Jan. 3 ....... 319.11 
Jan. 16. .. .. . 357.10 
Jan. 16.. . . . . 357.76 
Jan. 16 .... . . 358.93 
Jan. 17.. . . :. 359.55 
Jan. 17.. .. . . 359.74 
Jan. 17 .... .. 3a). GfJ 
Jan. 26-27.. . 303.68 
Jan. 27.. .. . . 362.96 
Jan. 27 ...... 38.20  
Jan. 27-28.. . 362 90 
Jsn. 28.. . . . . 361.94 
Jan. 28 ...... 364.16 

mm. mm. C. 
5.1 1.9 13 .B 
4.6 1..6 12.86 
6.3 2.1 13.02 
5.0 2.0 13.05 
4.7 1.6 1273 
5.0 1.5 1256 
4.7 1.9 11.16 
4.9 2.0 10. SG 
5.1 1.9 11.11 
5.1 1.5 10.98 
5.4 2.4 11.15 
5.1 1.7 11.06 
4.8 1.5 10.98 
5.2 1.7 law 
5.2 1.8 11.03 
5.1 1.6 10.51 
5.1 1.6 10.57 
6.0 2.0 10.46 
4.9 1.5 13.92 
6.3 1.6 1286 
4.7 1.8 l3.12 
6.0 1.7 13.24 
6.5 1.7 13.24 
4.S 1.7 13.10 



No 2 West Palm 
ÿ each Fla., Wil- 
liam Et   urger. 

Feb . 1344 ... 
Feb.14 ...... 
Fcb . 14 ...... 
Feb . 14-15 ... 
Feb . 15 ...... 
Feb . 15 ...... 

8 No . 3. Punta Qorda 
W Fla .. William H.) 
3   urger. 

CI 

No . 4. A alachlwla 
Fla., dill lam H: 
Burger . 

D Mar.1344. .. 240.64 
D Mar.14 ...... 241.74 ..... D Mar.14. 263.14 
D Mar . 14-15 ... 206.07 ...... D Mar.15 277.10 
D Mar.15 ...... 23.90 

NO 6 Ra vllle La., 
wi i iam% . B&W . 

No 8 Point Isabel 
 ex.', William H: 
Burgar . 

D Apr.6-7 ..... 242.08 
D Apr.7 ....... 241.04 
D Apr.7 ....... 246. S 
D Apr.7-S ..... 246.56 
D .4p r. 8 ....... 23.47 
D -4pr . 8 ....... 22? . 10 
D Apr.M ..... 22?.N 
D Apr.9 ....... 255.34 ....... D Apr.9 255.18 
D Apr .D-10 .... m.98 ...... D Apr.10 252.42 
D Apr.10 ...... 253.05 
D Apr.lW1 ... 2?6.78 ...... D Apr:11 25.55 
D Apr.11 ...... 245.44 

No 12 McAlester 
dkla.,' William H: 
Burger . 

D Apr . 21.22 .. - 1  255.45 
D Apr.22 ...... 257.49 ...... D Apr.22 314.68 ... D Apr.22-23 314.02 
D Apr.?3 ...... 3?7.iS 
D Apr.% ...... 326.50 

No 14 C o l u m b i a  
T~M., William H.) 
Burger . 

..... D May34 332.14 
D May 4 ....... 333.44 ....... D May 4 345.28 ..... D May45 34i.N 
D May5 ....... 269.04 
D May 5 ....... 268.34 

No 16 McCormlck i c . : willlam H.) 
Burger . 

D May 1243 ... 253.15 ...... D May 13 254.70 
D May13 ...... 307.03 
D May 13.14 ... 306.40 
D May 14 ...... 321.78 ...... D May 14 320.18 

No . 18 . Beauf0rt.N. C., 
William H . Burger . D May 24- 25 ... 266.48 

D May 25 ...... 2&".68 
D May 25 ...... 325.50 
D May25- 26 ... 323.15 
D May 26 ...... 336.83 
D May 26 ...... 336.48 



Pendulum observations and zeductio~~rContinued. 
- 

Mebean# 

- 
Dymu 

I 

- 
Dynra .......... .......... .......... .......... .......... .......... .......... ,.......... ........ 1:: ........ .......... .......... .......... 

.......... .......... .......... .......... .......... .......... .......... .......... .......... 

9iY.405 

LXO. 597 

- 

~hTonom- 
el.er No. 
1823 

- 
8. 

0..500S31:9 
.5W%M 
.XQUri7 
.500X361 
.500,S366 
..5006Q7 
.MlllicilB 
.>nlHi5!lS 
.SDI$G'25 
.M1)1;2il 
.6Onf<?31 
.5006'354 
.5a)(i351 

.$OW315 

.5011R32 

.BOIWl!V 

..WOiiU2 

.5007232 

..Wi011 

.600iW 

.5007026 

.5007037 

.5010264 

Tem- 
per* 
ture 

. 
m m . m m . ° C . m m .  

20.53 
20.55 
19.91 
19.71 
19.69 
20.48 
20.45 
31. IS 
20.WJ 
20.53 
20.40 
20.:31 
20.23 

20.55 
20.48 
20.W 
20.41 
81.40 
211.53 
20.56 
Xl.53 
20.55 

14.66 

Pres 
Sure 

61 
62 
58 
50 
GO 
58 
GO 
GO 
63 
59 
li? 
61 
57 

59 
60 
59 
60 
60 
60 
61 
62 
G3 

59 

Ptn~ion and -er 

WsslUngton, D. C ,  
h t  and Geodet!c 
Burve Omcc WII- 
liam a. BU~&. 

Washington D. C., 
Coast 8nd '~eode t i i  
Burve Omce Wil- 
liam d. ~ u r & .  

No. 103. Clydland 
.5010237 
.llM8407 
.eomr8ffi 
.50Nl48 
.50N1K1 

.ROW7@ 

.5@Mib2 

.PIISI)48 

.910iG68 

.5007ill 

..5QKNXl9 

.500GM4 

.501%35 

.5$04550 

.5M4!H10 

.5004913 

. W 5 2  

. YJO7091 

.5007092 

.3r05296 

.500.5334 

.5004999 

.5004940 

Period cormted 

Chronom- 
el.er KO. 
1841 

. . 

- 
8 .  

0.3Oer346 
.?UU(iO 
.MWli.j 
.5011%0 
.INIUtiti 
.50065!13 
.500(ilin2 
.11H1ti615 
.FaHl(i(i41 
.9Ul,l:24U 
.5ilM315 
.31lKjAl0 
.m2131i 

.5WS227 

.50W240 

.501hS203 

.5UOil04 

.50M?20 

.500i053 

..5007033 

.5M17%1 

.500i012 

.5010?18 
14.213 
14.65 
13.81 
10.59 
9.31 

20.03 
1 .75  

lt1.78 

19.75 
19.75 

19. W 

15.02 
14.72 

14.95 

15.21 
15.49 

14.94 

17.59 

17.05 
1BW 
16.9s 
15. RII 
16.7s 

69 
60 
GI 
57 
58 

55 
57 

81 

59 
CO 

G3 

55 
56 

57 

5s 
59 

55 

55 

58 
1i3 
57 
IU 
ti1 

Tenu.. Wlllram HI 
Burger. 

No. 103. H u g h  es, 
.Term.. Willism H. 
Burgcr. 

No. 106. Fort I iant 
Me., William H: 
Burger. 

No. 85. North Hem. 
Vt.. Willlsm H. Bur- 
€'?re 

' 

Mean 

- 
6. 

0.33H357 
.501Ki372 
.5WSiri 1 
.5W%U7 
.5UUSliB 
.nW1;tilJL 
.50066117 
.600L;116 
.5W6633 
.51101;25ti 
.5rw)1?23S 
.51106?52 
. 5WU8 

.51WK136 

.5008251 

.5005910 

.50071!18 

.500i2% 

.500704!5 

.50070?0 

.5007038 

.SXl7040 

.60103R6 

'EFg 

1' 
3 

11 
12 
13 
3 
4 
9 

10 
5 
6 
7 
8 

1 
2 
9 
3 
4 
5 
6 
7 
8 

1 
.501032 
.5WSI!Ii 
.mmson 
.WO.s04? 
.50USIJ35 

.50097S9 

.5009776 

.5MIS0J2 

.50@71;59 

..W071;i8 

.SOQSDlY 

.5ll0li!il9 

.5010656 

.511fI455S 

.SIMP00 

.5(10492:! 

.5004561 

. f007nG3 

.500707Q 

.5005306 

.51a5326 

.50aPW5 
-5004991 

Period 

Chronom- 
eter No. 
1823 

- 
8. 

0.5008615 
.50WQI 
.501lS5S6 
. m 6 6 1  
.SOIN581 
.,WlW:S 
.50Uli851 
.5111168.28 
. C W j 4  
.SO06517 
.5001j472 
.5fHlG484 
.50061Sl 

.5OOS481 

.%I08186 

.5@lS1:35 

.SUOi434 

.5007463 

..VlOi2i8 

.51YJi345 

.5007!&5 

.5007277 

.5010?16 
.BlllIJ249 
.3UB4!17 
.s~ns:ai 
.Bmn045 
.MU6018 

.S0097iG 

.5009;0!1 

..3lllW'5 

.Bt!lit;lW 

.:;nll76!14 

.500W14 

.51!CGk?l 

.501161;6fi 

. SIN554 1 

.ROSI'MO 

.5O.!49lS 

.500455ti 

.5007076 

.50G7086 

.501)53111 

.5u05330 

.SO04997 
-5004968 

uncorrected 

Chronom- 
eter No. 
18C1 

- 
8. 

0.50fB755 
.m771 
.50DS7fn7 
.m783 
.5OoS747 
.?KIA599 
..a07007 
.50(17008 
..go7033 
.SOU66Jg 
.5006649 
.5006&52 
.5000G59 

.5008626 

.5005&37 

. .m104 

.500i5S9 

.5007614 

.5007453 

.5007435 

.500i453 

.5007445 

.5010454 

Date 

lW)(I 
Jlrne 6-7 ..... 
Jime 7 ....... 
June 10 ...... 
June 10 ...... 
June 10 ...... 
June 7 ....... 
June 7-8 ..... 
June 9 ...... 
Jrlnt. 9-10 .... 
J U I I ~  8 ....... 
June 8 ....... 
June &9 ..... 
June 9 ....... 
June 15-16 ... 
June 16 ...... 
Juu.  18 ...... 
June16 ...... 
Jun:! 16-17 ... 
June li ...... 
June 17 ...... 
June li-IS. .. 
June 18 ...... 
July 2-3 ..... 

2 
3 
4 
5 
0 

1 
2 

5 

3 
4 

6 

1 
2 

5 

3 
4 

(I 

1 

2 
3 
4 
6 
6 

P 
l um 

--- 

A4 
A4 
A4 
A.1 
A4 
A5 
A5 
A5 
A5 
A6 
A6 
A6 
A6 

B1 
0 4  
B4 
B5 
0 5  
B6 
0 6  
I16 
B6 

A4 

place) 

- 

-17 
-17 
-17 
-17 
-17 
-17 
-17 
-17 
-17 
-17 
-17 
-17 
-17 

-11 
-11 
-11 
-11 
-11 
-11 
-11 
-11 
-11 

-17 

Corrections (seventh deeimsl 

.501Uli3 

.5008151 
~1~x425 

:51107530 
.5007792 

. M I 0 3  

. 5 0 M  

.5005281 

.5007599 

.5Oll7911 

. 5 W 4 9  

.5W6Gll 

.5UOC41)9 

.511@4517 

.51H14S7 . .WIW9ll6 

.5001519 

.5007105. 

5001143 
il5005346 
.500533 
.5(JON)3S 
.NO4955 

'mi- 
tioll 

D 
Jl 
D 
D 
D 
D 
D 
D 
1) 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
.5010133 
.500SGS5 
.:oos663 
.?XS058 
.500SCa0 

.MI0252 

..i0102Z7 

.SML9.Ol 

. ROORlll 

.5003183 

. .WS48 I 

.5006765 

.5!M67S9 

.50n4704 

.50050% 

.50051W3 

.5004707 

.0007S6 

.500722 

.500S506 

.5311.5524 

.5M)51SI 

.m5192 

Ju ly3  ....... 
July 3 ....... 
JL I I~S-  A..... 
July 4 ....... 
July 4 ....... 
July 10-11 ... 
J ~ l l y  11 ...... 

July 12 ...... 
J11ly 11.. . . . . 
July 11-12 ... 
July 12 ...... 
July 21-22. .. 
July 22. ..... 

July 23.. . ... 
July22 ...... 
July 22-23.. . 
July 23 .... .. 
July 31-Aug. 

1. 
Aug.1.. . . . . . 
Aug. 1.. .. .. 
Aug. 1-3.. .. 
Aug. 2.. .. .. 
Aug. 2.. . . . . 

Chm 
n o m e  
ter NO. 
1823 

- 
8. 

290.71 
2!lO. 18 
2!1l.G6 
292.43 
291.73 
3 6  54 
m 5 . 3  
366.66 
3lir~. 24 
381. 13 
LW.79 
385.62 
38G. 23 

%S.% 
294.78 
2tJ(I.SS 
aBIi.81 
335.10 
314.00 
345.58 
344.60 
344.W 

245.22 
A4 
A5 
A5 
A6 
A6 

~ 4 '  
A4 

A5 

A6 
A6 

A5 

A4 
A4 

A6 

A5 
A5 

A6 

A4 

A4 
A5 
A5 
A6 
A6 

-17 
-17 
-17 
-17 
-17 

-22 
-I 

-22 

-22 
-22 

-22 

-14 
-11 

-14 

-14 
:14 

-14 

-15 

-15 
-15 
-15 
-15 
-15 

Arc 

- 

- 8 - 8 
-10 - 9 
-16 
- 8 - 9 
- 8 
- 9 
-10 
- 8 
- -  !I 
-10 

- 8 - 9 
- 8 - 9 - 9 - 9 - 9 - 9 - 9 

- 6 
1) 
D 
D 
D 
1S 

D 
D 

D 

D 
D 

D 

D 
D 

D 

Il 
D 

D 

D 

D 
D 
D 
1) 
.D 

Tem- 

p;er- 

- 
-232 
- 3 3  
-201; 
-197 
-197 
- 0 0  
-338 
-21; 
-213 
-232 
-?A6 
-322 
-219 

-233 
-230 
-215 
-?A7 
-2% 
- 0 2  
-233 
- 8 2  
-233 

+ I4 - 7 - 8 - 7 
- 8 - 9 

-10 - 9 

-10 

- 8 
- 9 

- 8 

- 9 
- 8 

-10 

- 9  
-10 

-10 

- 8 

- 8 - 9 - 8 
-10 

, -10 

Pres ,,, 

- 

+3 
+2 
+6 
+5 
+1 
+6 
+ 4  
+4 
+2 
+5 
+2 

0 
+8 

+5 
+8 
+5 
+ 4  
+ 4  
+4 
+3 
+2 
+2 

+4 
316. 18 
BJIi.33 
z17.za 
319.78 
321.32 

2511.46 
2.50. i 8  

302.39 

317.13 
315.31 

303.56 

37% 66 
37S.S2 

554. 08 

513.1ls 
5111.20 

553.S7 

349.42 

350 53 
46% 14 
465.03 
4%. 54 
501.95 

+ 31 + 19 + 40 
fIS6. 
f 238 

-311 
-199 

-200 

-199 
-199 

-?Oi 

- 1 
+ 12 

+ 3 

- S - 31 

f 3 

-109 

- 86 - 79 - S3 - 70 - 75 

+4 
+3 
+a 
+5 
+4 

+9 
+8 

+3 

+6 
+4 

+1 

+ 8 + 7 

+ F, 

+ 5  + 4 

+ 5 

+ 6 

+ 6 
f 1 + 6 + 4 + 3 

Final 

- 

1.6 
1.6 
1.9 
1.8 
3.5 
,1.6 
1.8 
I. ti 
1.Y 
1.8 
1.6 
1.8 
1.8 

1.6 
1.8 
1.7 
1.7 
1.S 
1.7 
1.6 
1.1 
1.6 

1.1 

Cbr,,. 
no!w 
ter NO. 
lSCl 

- 
8. 

2S6.08 
2S5.52 
2S5.66 
286.14 
256.31 
357.08 
357.32 
35i.25 
355.94 
376.48 
370.52 
3i6.34 
375.94 

290.34 
S9.97 
3'11.118 
329.93 
328.83 
335.98 
336.78 
335.96 
336.23 

239.66 

Ini- 
t ial  

- 

5.0 
4.8 
4.9 
4.9 
4.9 
4.9 
4.9 
4.9 
5.1 
5.0 
4.8 
4.9 
5.2 

5.2 
5.0 
4.6 
4.9 
5.1 
5.1 
4.8 
5.0 
5.1 

4.7 

Chro, 

eter 
No. 
1823 
- 

+ 8 + 8 + 8 + 8 + 8 + 8 
+ 8 + 8 + 8 + 8 + 8 + 8 
+ 8 

+11 
+I1 
+11 
+I1 
+11 
+11 
+I1 
+I1 
+11 

+53 
1.2 
1.6 
1.3 
1.5 
1.8 

1.9 
7 

1.9 

1.5 
1.7 

1.5 

1.6 
1.6 

1. S 

1.8 
I. k 

1.8 

1.3 

1.2 
1.5 
1.5 
1.7 
1.7 

210.14 
2SS.35 
2~9.08 
310.74 
313.00 

244.3.1 
214.94 

291.60 

3115.74 
307.88 

295.17 

370.06 
3W.77 

S2.06 

495.04 
491.42 

531.70 

343.60 

317.94 
4b4.W 
483.11 
4q2.55 
431.99 

Rate 

chm- ,,, 
eter 
No. 
1841 
- 

-155 
-155 
-155 
-15; 
-155 
-155 
-155 
-155 
-155 
-155 
-155 
-155 
-155 

-152 
-152 
-152 
-152 
-153 
-152 
-152 
-153 
-152 

-181 
+53 
+:id 
+53 
+53 
+B 

- 4 - 4 

- 4 

- 4 
- 4 

- 4 

+ 49 + 49 

+ 49 

+ 4 9  + 49 

+ 4 

+ 52 

+ 52 
+ 52 + 52 + 52 + 52 

4.7 
4.8 
4.7 
4.7 
4.7 

5.1 
5.1 

5.0 

4.7 
5.0 

5.1 

5.2 
4. '3 

5.2 

5.1 
5.2 

,5.2 

5.1 

5.2 
5.2 
5.1 
5.3 
5.2 

-IS1 
-181 
-181 
-181 
-181 

4 2 9  
-2% 

-29 

-229 
-2% 

-329 

-130 
-130 

-1% 

-130 
-130 

-130 

- RS 

- 98 - 9s - 9S 
-- 99 - SE 
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Pazdulum observations and red~cetwns-Continued. 
- 

Coincidence in- Total arc terval Period uncorrected Corrections (seventh decimal plum) Pepiod corrected I 
. . 

. . Rate 
I Mean9 

nome nomb Ini- Final ter No. ter No. tial 
1823 1841 . 

--- 
1823 1841 
-------- 

No. 72. Shamrock 
Tcrx.. WIllLsm HI 
Burger. 

No. 73. Dwini~on, Tex., 
William H. Burger. 

Washington D. C., 
Coast sngJ~eodetic 
Surwv UfRce Wil- 
liam 8. ~urgdr.  

No. 67. Iron River, 
Mich., Herold D. 
m. 

1 
2 
3 
4 
5 
6 

1 
2 

5 

3 
4 

6 

1 
2 

11 
12 
3 
4 
9 

10 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 

A4 
A4 
A5 
A5 
A6 
A6 

A4 
A4 

A6 

A5 
A5 

A6 

A4 
A4 
A4 
A4 
A5 
A5 
A5 
A5 
A6 
A6 
A6 
A6 

A4 
A4 
A5 
A5 
A6 
A6 

D 
D 
D 
D 
D 
D 

D 
D 

U 

D 
D 

D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 

Apr. 22-23... 
Apr. 23 ...... 
Apr. 23 ...... 
Apr. 23-24... 
Apr. 24 ... ... 
Apr.24 ..... 
Apr: 29-30... 
Apr. 30 ...... 

d v  1. ... :.. 
Apr. 30 ...... 
A 1.30-Mnyl 

~ 3 y  1. ...... 
Msy 23-24.. . 
Yay 34  ... ... 
May 27 ...... 
hfsv 27 ...... 
Msb21.. .:. . 
Msy24-25 ... 
Msv 26.. .... 
~ajrZ&27... 
May 25 ...... 
May 25 ...... 
Msg 2.5-26 ... 
Msy 26 ...... 
June 2223.. 
June 23 ...... 
June 23 .... :. 
June23-24.. 
Jnne 21.. .. . 
June 24 ..... . 

2%. 35 
269.55 
318.04 
317.S 
336. RS 
334.63 

255.13 
254. S3 

323.55 

30S.74 
300.72 

323.11 

396.70 
295.ffi 
296.35 
97.44 
374.00 
372.14 
374.11 
3i2.67 
393.06 
391.86 
391.S2 
393.08 

354.84 
351.44 
471.96 
473.95 
505. S.3 
506.06 

251.38 
253.81 
305.50 
306.70 
322.54 
318.70 

246.R9 
247.48 

311.19 

297.16 
29S.63 

311.75 

2S7.45 
286.46 
286.41 
287.14 
35S.36 
357.45 
359.10 
355.20 
376.11 
375.26 
375.49 
376.76 

341.76 
341.30 
447.18 
4.19.71 
4 7 8  1'3 
476.73 

5.2 
5.4 
5.2 
4.9 
4.9 
5.0 

5.2 
5.3 

5.0 

5.2 
4.9 

4.7 

5.1 
4.8 
4.8 
5.0 
4.5 
4.8 

, 4.5 
4.7 
4.8 
4.8 
5.0 
4.9 

4.7 
4.8 
5.0 
5.0 
4. f l  
4.7 

1.9 
2.0 
1.7 
1.8 
1.5 
1.7 

2.1 
2.0 

1.7 

1.8 
1.9 

1.7 

2.3 
1.7 
1.7 
2.0 
1.6 
1.6 
1.7 
1.6 
1.7 
1.8 
1.7 
1.7 

1.5 
1.7 
1.7 
1.7 
1.9 
1.9 

15.96 
15.21 
15.79 
16.07 
14.51 
14.72 

19.24 
l9.(10 

19.75 

19.72 
19.81 

20.32 

19.83 
20.01 
19.75 
19.49 
20.40 
20.54 
20.36 
20.13 
20.73 
21.41 
21.07 
2a80 

1% 11 
1 s  14 
18 75 
15.30 
18.10 
17.97 

63 
65 
62 
61 
70 
64 

55 

61 
56 

59 

54 
56 
63 
60 
61 
58 
64 
58 
60 
60 
59 
61 

62' 
59 
56 
80 
59 
54 

.ti009657 

.500nEl4 

.5007S73 

.5037S75 

.5007450 

.50074S2 

5000815 : 5003830 

.500i3S 

.5008111 

.5WM4 

.5007750 

.5008440 

.5008470 

.fi006450 

. s W l 9  . SOW03 

.5008727 

.5008692 

.500871S 

.5006355. 

..W6 

.50063.%l 

.5006368 

.5007Rj5 

.5007063 . NOS302 

. S 2 9 2  . YJ019.17 
,5001915 

;5009985 
.-70 
.5OM197 
.TW!S191 
.Son7755 
.5007857- 

5010143 . W10123 

.50lM46 

..WM427 

.5OlBS5 

.60050e1 

.5008712 

.5008742 

.50QS744 

. m i 2 2  

.50069M 

.5007004 

.5008972 

.50069SQ 

.5000656 

..W6671 

.5Wf667 

.5006644 

:5007326 
.5007336 
.5005597 
.500,5565 
.5005?31 
.5005250 

- 11 - 11 - I0 - 9 - 8 

- 11 - 11 

- 9 

- 10 - 10 

- '9 

- 11 - 9 - 9 - 10 - 8 - 8 - 9 - 8 - 9 - 9 - 9 - 9 

- 8 - 9 - 9 - 9 
- 10 
- 9 

- 40 - 9 - 34 - 45 + 21 
9 + 1 2 -  

-178 
-171 

-200 

-198 
-203 

-224 

-202 
-210 
-199 
-188 
-226 
-232 
-225 
-315 
-240 
-,W 
-254 
-235 

-130 
-133 
-157 
-138 
-130 
-124 

0 - 2 + 1 + 2 - 7 

+ 7 + 2 

+ 5 

+ 3 + 8 

+ 5 

+ 10 + 8 + 1 + 4 + 3 + 6 
0 + 6 + 4 + 4 + 6 + 3 

+ 2 + 5 + 8 + 4 + 5 + 9 

+I42 
+I42 
+l42 
+1Q 
+I42 

2+142-171 

+I15 
+I15 

+I15 

+I15 
+I15 

+I15 

+la 
+l22 
+la 
+la 
+la 
+I12 
+I22 
+12 
+12? 
+I22 
+I22 
+122 

+I16 
+I16 
+I16 
+I16 
+I16 
+I16 

-171 
-171 
-171 
-171 
-171 

-190 
-190 

-190 

-190 
-190 

-190 

-160 
-1M) 
-160 
-160 
-160 
-160 
-160 
-160 
-160 
-lM) 
-160 
-160 

-169 
- 1 8  
-169 
-Ira 
-1fQ 
-169 

- 13 - 13 - 13 - 13 - 13 
- 1 3  

- 11 - 11 

- 11 
- 11 - 11 
- 11 
- 12 - 12 - 12 
- 12 
- 12 
- 12 - 12 - 12 - 12 - 12 - 12 - 12 

- 11 
- 11 
- 11 - 11 - 11 - 11 

.5009735 

.6CG?4721 

.5007959 

.-5 

.5007585 

.5W7612 

.5009740 

.5008754 

.5W63S 

. W l O  

.5IY)7%3 

.50076% 

.5008347 

.5005369 

.5CW353 

.SOW335 

.5000572 

.5aN35&? 

.5MW811 

.5006233 

.5006224 

.m41 

.5006237 

.5007024 

. W ( a 2  

.5005249 

. m a 5 4  . !AD4917 

.50M926 

.SO09730 

.5009664 

.500iWO 

.5007!&5 

.5007577 

.so07674 

.5009760 

.5009742 

.5007541 

.5500801 

..5007979 

.5007BOa 

.5008337 

.500838 

.50083% 

.50&%58 

.50OG83 

.5MT,598 

.5OOG5M 

.5006800 

.5006239 

.5006?25 

.We237 

.5006331 

.5007010 

.5007020 

.6OOC,259 

.5005!242 

.BOM919 

.5001946 

.5009733 

.5009693 

.5007964 

.NJ7955 

.5007551 

.5007M3 

.5009750 

.5008748 

.5IYn&O 

. 5 W 1 6  

.5007981 

.5007614 

.5008342 

.500P364 
.5008359 
.500S46 
.5000578 
.5008600 
. 5 W 7  
.5006808 
.5000236 
.5000234 
.50%?39 
.5006234 

.5007017 

.5Wi026 
.5005254. 
.600521S 
.500.191$ 
.5004936 

979.572 
979.588 
979.674 
979,577 
979.555 
979.561 

079.566 
979.567 

979.562 

979.554 
979.566 

979.572 

.......... .......... .......... .......... 

, 

........ .. .......... .......... .......... .......... .......... .......... .......... 
950.633 
9W. B30 
9SO. 638 
9SO.635 
9SO. 626 
980.619 

979.576 
M.003 I 
979.565 
*O.OM I 
. 



July W ..... 
July 3. ...... 
July 3 ....... 
July 3 4  ..... 
July 4 ....... 
July 4 ....... 
July 11-12.. . 
July 12 ...... 
July 12.. . . .. 
July 12-13.. . 
July 13.. . . .. 
July 13 ...... 

No 76 Bfsmarck N. 
~ak. ;  Harold ' D. 
r c g .  

334.36 
334.00 
437.10 
436.38 
4M.10 
465.44 

311.74 
311.80 
396.90 
397. 14 
41s. 94 
420.54 

No 75 Lead 8 Dak., 
~ & l d  D. &. 

324.50 
324.04 
418.93 
419.43 
444.45 
444.40 

1 
2 
3 
4 
5 
6 

July 19-20.. . 
July YO.. .. .. 
July 20.. . . . . 
July 20-21.. . 
J ~ l l y  21.. . .. . 
July 21.. . . . . 

No 77. H l n s d a l e  
~ o n t . ,  Harold, D: 
King. 

316.98 
347.28 
455.64 
464.64 
451.84 
485.45 

July 27-28.. . 
July 28 ..... . 
July 28.. . .. . 
July 28-29.. . 
July 29.. .... 

No. 78. Band Pdnt 
Idaho, Harold U: 
Kim. I. 

A4 
A4 
A5 
A5 
A6 
A6 

534.08 
538.98 
500. 83 
5W. i 8  
371.77 

D 
D 
D 
D 
D 
D 

July 29.. . . . .I 372.24 

No 78 Bolse Idaho, 
iamid D. &g. 

Aug. 8-4. . . . 
Aug. 4.. .... 
Aug. 4.. .... 
Aug. 4-5.. . . 
.Aug. 5.. .. .. 
Aug. 5. ..... 

365.34 
3%. 96 
492.46 
489. 88 
527.16 
52874 

Aug. 10-11.. 
Aug. 11.. ... 
Aug. 11. .... 
Aug. 11-12. . 
Aug. 12.. ... 
Aug. la.. ... 

307.73 
307.99 
395.19 
391.96 
415.44 
415.46 

Auc18-19.. 
Ang.19 ...... 
Aug.19 ...... 
Aug. lW-?.. . 
Aug.20 ...... 
Aug .20... ;.. 

1683 
a51.00 
284.26 
331.69 
321.74 
329.43 
329.40 

No.% Washington. 
D. C., Bury11 ol 
Standards Wdllam 
H.  urge; 

o Ifem of the two ratea. 

Aug. 17-IS..; 
Aug.18 ...... 
Ang.18 ...... 
Aug. 18-19 ... 
Aug.19 ...... 
Aug. 19 ...... 
Aug. 19-?O ... 
Aug.20 ...... 
Aug.20 ...... 
Aug .-S 21.. . 
Aog.21 ...... 
Aug.21 ...... 
A u ~ .  2l-22... 
Aog.22 ..... . 
Aug.22 ...... 

1 
2 
3 
4 
5 
6 

1823 
372.25 
372.84 
5aQ.15 
5Rs. 4s 
516.75 
549.SG 
549.01 
54'5.51 
511.47 
611.63 
375.35 
377.14 
376.43 
375.76 
509.38 

I34 
I34 
B5 
B5 
I36 
B6 

1841 
360.99 
359.46 
482.25 
4.Q1.56 
516.49 
515.88 
520.85 
517.95 
480.20 
482.74 
360.68 
310.22 
361.25 
360.84 
480.44 

D 
D 
D 
D 
D 
D 
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Pendu2um obsmvatic~ns and reduetion+~ontinued. 

Total uo I 1 I Perlod urmrrected I Corrections (seventh decimal p1.n) I Period corrected 1 I 1 coin;? in- 1 
Bate 

pres- 
Kg Sum Chronom- Chronom- Tem- Chrw Chrw Chronom- Chronom- 

eter No. eter No. Arc yrer sum lire 
eter No. e ~ e r  No: Mean 

1 8 2 3  1841 eter etcr 1 8 2 3  1 8 4 1  
No. Nn. 

1 8 2 3  1 8 4 1  
- - - -- --- - - I .  

1911 8. 8. ... o. O':. blmr, Ark., 1 A5 D &far.%-% 310.72 314.22 ...... Ha-old D. King. 2 A5 D Uar.28 310.42 313.12 ...... 3 A4 D Yar.28 254.14 6 6 . B  
4 A4 D Mar.2SJ. . .  254.52 756.84 ...... 5 A6 D M3r.m 324.16 327.66 
6 A6 D Yar.29 ...... 322.63 326.34 

..... KO. 97. Nacogd~hrs 1 .h6 D Apr.4-5 307.13 310.72 ....... Tcx., Harold l~: 2 A6 D Apr.5 3OS.13 311.62 
I 3 AS D Apr.5: ...... 295.55 m8.36 

4 A5 D Apr.5-6 ..... 294.46 298.60 ....... 5 A4 D Apr.6 244.50 247.21 ....... . 6  A4 D Apr.6 244.77. 246.77 

mm. mm. 

5.0 1.9 16.62 
5.1 1.8 16.43 
5.2 1.6 18.32' 
5.1 2.0 16.58 

mm. 
65 
61 
59 
64 
64 
59 

... N o  98 Alpine Tex., 1 A6 D Apr.lW1 270.85 273.36 ...... ~ a r d l d  U. Kkg. 2 A6 D Apr.11 271.37 2i2.40 ...... 3 A5 D Apr.11 261.08 263.50 
4 A5 D Apr.11-12 ... 261.10 2431.4 
5 A4 D Apr.12 ...... 221.20 221.72 
6 A4 D Apr.12 ...... 220.72 221.44 

No 99, Farwell Tex., 1 A6 D Apr.15-16.-- 303.77 1 305.03 ...... ~ a r o l d  D. I3lbg. 2 A6 D Apr.16 3U3.58 305.01 
3 A5 D Apr.16 ...... 290.44 291.80 
4 A5 D Apr. 1017 .-- 290.66 291.1 ...... 5 A4 D Apr.17 241.30 242.12 
ci A4 . D Apr.17 ...... 241.04 241.57 

48 - 
48 - 
48 - 
48 - 
48 - 
48 - 
48 - 
48 - 
48 - 
48 - 
48 - 
48 - 
48 - 
'IS - 
48 - 

Apr. 21-22. -. 
Apr. 22 ....-. 
Apr.22 ....-. 
Aor. 22-23.. . ~tr .~. . i - - - I  
Apr. 23.. ..-. 
Apr. 23-24.. . 
Apr.% ....-. 
Apr. 24.. .... 
 AD^. 24-25. - - 
Air .  23 ...... 
Apr.25.. ...- 
Apr. 25-26.. - 
Apr.!Zti ...... 
Apr. 26.. .... 

No. 101. Heleuwood, 1 A6 D May 10-11 ... 345.12 319.38 
Tenn.,T.L.Warner. 2 A6 D Nay 11 ...... 317.54 33-28  

.... 3 A5 D May li.. 327.28 330.69 ... 4 A5 D May 11-12 327.S2 331.46 ...... 5 A4 D May 12 2Mj.81 24ii.M 
.6 A4 D May 12 ...... 265.26 267.25 
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No 118 Pierre 8 . 
~ a k . , ~ .  L . W- . 

No . 121 . Grand Ra 
Ids . Mieb., T . 
Warner . 

No . 122 Angola Ind .. 
T . L .. warn& . 

No 123 Albany N . +., T.'L. w m b  . 

No . 124 . Port Jervls 
N . Y., T . L . warn& 

A6 
A6 
A5 
A6 
A4 
A4 

A6 
A6 
A6 
A6 
All 
A5 
A5 
Ail 
A4 

A6 
A6 
A5 
A5 
A5 
A4 
A4 
A4 
A4 

B4 
B4 
R5 
B5 
B6 
BO 

B4 
B4 
B5 
B5 
I36 
B6 

B4 
n4 
B4 
B4 
I34 
B4 
B5 
B5 
I35 
B6 
B5 
B5 
R6 
136 
na 
B6 
B4 
R4 
B5 
B5 
na 
B6 
n 4  
B4 
B5 
B5 
B5 
na 
R6 
B6 
B6 

s sp t  . *a7 .. 
Sept . 27 ..... ..... . Sept a; 
Sept . 27-28 .. 
Sept . 2R ..... 
Sept . 28 ..... 

371.00 
373.80 
853.44 
354.70 
ax4 . 10 
283.39 

Oct.3-4 ..... 
Oot.4 ....... 
Oct .b-B ..... 
Oct . 6 ....... 
Obt . 6 ....... . ....... Oct 4 
Oct . 4-5 ..... ....... oct.6 
Oct . 5 ....... 

444.00 
445.30 
44O.W 
441.87 
438.48 
415.92 
419.84 
324.16 

85 

Oct . 10-11 ... 
Oct . 11 ...... ...... oCt.11 
~ c t  . 11-12 ... 
Oct.13 ...... . ...... Oct 12 
Oct.12 ...... 
Oet . 1 M 3  ... . ...... o c t  18 

419.96 
421.54 
394.44 
m.4a 
392.72 
31 0. lM 
309.35 
310.07 
naoc 

. ... Oct 17.18 
0 c t  . 18 ...... 
Oct . 18 ...... . ... Oct l8-19 . ...... Oct 19 
0 c t  . 19 ...... 

30854 
300.99 
346.18 
348.80 . 3M 52 
358 . 55 

Oct . 27.B ... . ...... Oct 28 . ...... Oct 23 
Oct . aS-29 ... . ...... Oct 29 . ...... Oct 29 

323.79 
328 36 
373.12 
371.92 
386.41 
387.96 

Nov . 2-3 .... 
Yo 3 ...... . ...... Nov 6 . ...... Nov 6 
Nov . 6-7 .... . ...... Nov 7 . ...... Nov 8 . .... Nov 3-4 . ...... NOV 5 
NOV . 6-6 .... . ...... Nov 7 ...... Nov 7 ...... Nov 4 
Nos . 4 ...... 
Nov . 4-5 .... 
Nov . 5 ...... 

Scl 
& 1  
6.4 
LO 
5.2 
5.3 

5. 4 
5.1 
5.1 
5.4 
4.9 
5.2 
LO 
6.1 
5.2 

5.3 
5.0 
5. 4 
5 . a 
5.2 
5. a 
5.0 
6.3 
5.4 

5.0 
4.9 
5.2 
5.5 
4.9 
4.9 

5.0 
A 7 
5.1 
5.1 
5 .a 
5.2 

4.9 
5 .a 
5.0 
5.0 
A 8 
5.0 
5 .a 
5.2 
5.0 
5.0 
5.4 
5.2 
5.1 
5.3 
5.a 
5.0 
4.8 
5.1 
L a  
5.0 
5.9 
5.0 
5.0 
5 . a 
6.1 
4 . 9 
5.0 
5.1 
5. a 
5.0 
5 .a 

31865 
319.89 
321.06 
317.80 
316.94 
318.15 
363.36 
364.43 
3 m  72 
371.12 
361.56 
380.78 
377.91 
378 58 
378.39 
379.8 

Nov . 18-17 . . ..... N0v.17 . ..... Nov 17 
Nov . 11-18 .. . ..... Nov 18 
Nov . 18 ..... 
Nov . !&23 .. ..... Nov .23 
Nov . !23 ..... 
Nov . %24 .. 
Nov . 25 ..... 
Nov . 24 ..... 
Nov . 24 ..... 
Nov.244 .. ..... Nov .25 

S70.32 
332.17 
38 2 91 
385.00 
396.10 
304.62 
333.88 
33816 
379.10 
377.92 
378.54 
3S7.50 
384 . !2il 
384.82 
3M.66 
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Pendulum observations and rcduelions-Continued. 

Total arc I I I Period uncorrectad CorwdionS (rmth decimal pur) I I Period corrected I I 
- Rate 

I - Tem- - - Cb Flex- ChrQnom- Chr0nom 
Arc per* sure no nom- eter No. eter No. ure ture eter eter lea3 u s 8  

No. No. 
1 8 8 3  1 8 4 1  

= 

Posi- 
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 
D 
D 
D 

mm. 
4.8 
4.51 
4.7 
4.4 
4.6 
4.7 
5.2 
5.0 
4.9 

5.4 
4.6 
4.4 
5.2 
5.0 
5.2 
5.4 
5.0 
4.5 

5.2 
6.6 
6.2 
5.5 
4.9 
4.6 
5.5 
4.9 
5.2 

4.3 
5.5 
4.7 
4.6 
5.1 
6.0 
6.1 
4.9 
6.2 

4.7 
5.4 
6.2 
5.4 
5.2 
5.3 
5.0 
5.5 
5.1 

Final 

mm. 
1.7 
1.7 
2.1 
1.5. 
1.2 
2.1 
1.8 
1.0 
2.8 

1.7 
1.0 
2.0 
1.6 
1.5 
2.3 
1.5 
1.4 
2.4 

1.4 
1.2 
2.6 
1.7 
1.0 
2.2 
1.5 
0.9 
2.4 

1.4 
1.9 
1.8 
1.5 
1.7 
2 0  
1.7 
1.8 
1.9 

1.8 
2.1 
1.5 
2.0 
2.1 
1.7 
2.1 
2.3 
1.7 

TE2ml- Prs- 
KE sure Chronom- Chnmom, 

eter No. eter No. 
lea3 1841 

Date 

1916 I 
Jan. 12 ...... 
Jan. 1!2-13.. . 
Jan. 13.. .... 
Jan. 13.. .... 
Jan. 13-14.. . 
Jan. 14 ...... 
Jan. 14 ...... 
Jan. 14-15.. . 
Jan. 15 ...... 

No. 216. Frerlerlckb 
bmg. Va., John D. 
Powell. 

No. H7. Dover. Del., 
John D. PowdL 

Chro- 
nome 
tar No. 
1823  

Dee. 
Dee. 
Dec. 

C b  
nome 
ter No. 
1841  

- - - ~  

Dee. 
Dee. 
Dec. 
Dec. 
Dec. 
Dec. 

m . m  ...... 
Jan. !2D-!2l... 
Jan. 11 ...... 
Jan. 21 ...... 
Jan. 21-22.. . 
Jan. 2'd .... . . 
Jan.% ...... 
Jan. %25. .. 
Jan.23 ...... 

Dec. 8 ....... 
Dec. 8-9 ..... 
Dec.9 ....... 
Dec.9 ..-.... 
Dec. N O . .  . . 
Dec. 10 ...... 
Dec. 10 ...... 
Dec 10-11.. . 
Dec.11 ...... 

1914. 
July M.... 
J~ i ly  9 ...... . 
July 9.. . . . . . 
July 9-10.. . . 
July10 ...... 
July 10.. . . . . 
July 10-11.. . 
July 11 ...... 
July 11.. . . . . 

a87.49 
286.16 
a36.S 
324.74 
324.74 
327.33 
334.65 
335.23 
337.23 

Washington D. C., . 1 
Coast and9C3eodetic 2 

D. Powell. 

I ' 
8urvey Otace, John : 3 

4 
5 
6 
7 

: 8 
9 

( 0 )  . -. . -. . . . 
(*I 1 .-..-.-.. . ( b )  ;......... 

M.19 
aS8.68 
aSB.40 
338.10 
328.34 
330.48 
839.15 
339.08 
340.18 

B4 
R4 
B4 
B5 
R5 
R5 
B6 
B6 
B6 



Wsshlngton D. C., 
Coast and' Geodetia 
Silrvey 0 5 m ,  C. L. 
QBR1eI. 

Julym ..... 
July 21 %2.. . 
July 22 ..... 
J u l y n  ...... 
July a?-&. . . 
July% ...... 
July23 ...... 
July 23-24.. . 
July24 ...... 

Nc. 125. Atlantlo City, 
N. I., C. L. ah-.  

Sept. 
Sept. 
SeDt. 
Sept. 
Sept. 
Sept. 

Sept. 16 .... . 305.72 
Sept. 16-17.. 305.55 
Sept. 17.. . . . 305.79 
Sept. 17.. . . . 387.48 
Sept. 17-18.. 386.76 
Sept. 18.1.. . 386.94 
Sept. 18.. . .. 407.67 
Sept. 18-18.. 408.98 
Septll9 ..... 407.30 

No 128 Bridgham 
tin, h. T., C. E 
Garner. 

Sept. 23 ..... 309.40 
Sept. 22-23.. 310.90 
Sept. 23 ..... 312.10 
Sept. 23 ..... 306.94 
Sept. !Z?-M.. 399.25 
Sept. 24 ..... 400.50 
Sept. 24 .... . 422.42 
Sept. 24-25.. '423.09 

LSept. 25 ..... 425.49 

No. 1%'. C h a t h a m  
MW., C. L. ~ a m e i  

Oct. 2... . .. . 345.30 
Oct. 2-3 ..... 345.02 
Oct. 3... .. . . 344.99 
OCt. 3.. . .. .. 453.94 
Oct. 34. .. .. 452.62 
Oct. 4.. . . .. . 452.60 
Oct. 4.. .. .. . 479.93 
Oct. 4-5 ..... 481.46 
Oct. 5 ....... 481.06 

No. 128. Rocklsnd, 
Me., C. L. Garner. 

Oct. 8.. ..... 
Oct. 8-9.. .-. 
Oct. 9..--.-- 
oct. 9 .-.---. 
oct. eio.. . . 
oct. 10 ...... 
oct. 10 ...... 
oct. 10-11 ... 
Oct. 11 ...... 
Oct. 11 ...... 
OCt. 11-12.-- 
oct. 12 ...... 

No. 129 Lancastw 
N. H., h L. Qmer; ( 

a Rate aarection determined from obs~rartions on stars for time. 
b Chr0nomet.m 8477 falled to break lor the last day's obaervatlons. 
e Rate conwth determiued from ~IIiparhns with We8tpan Union time signals. 
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No. m1. wssta, 5. 
Dak., C. 1.. (lnrner. 

Oct. m.. .. .. 
act. m-21 ... 
Oet. 21 ...... 
Oct. 31 ... . .. 
Oct. 21- 22... 
Oct. 22 ...... 
oct.  2.. . . . . 
Oct. 22-33 ... 
Oct. 23 ..... . 

322.30 
321.52 
320. $7 
414.60 
412. 87 
412. W 
435.74 
435. S3 
435.'79 

294.96 
295.00 
395. i 5  
371.94 
370.74 
3i1.92 
391.54 
3W. 61 
392.28 

302.48 
301.93 
301.01 
330.91 
3m. 08 
37s. 95 
402. O? 
401.77 
402.38 

281.84 
Wl. 4s 
?SSo. 91 
351.44 
351.84 
354.39 
371.51 
37'2.46 
374.51 

I D .  32 
25;. 3s 
2%. 54 
352. SG 
352.6-1 
3.53. cm 
3in. 13 
3G9.30 
313s. !>2 
31;s. 30 
Si. 46 
36s. 06 

110.04 
290.38 
291.56 
366. i S  
366. SO 
365.14 
381.06 
3%. 87 
383.0s 

311.75 
310. dl 
311). 94 
400.00 
3M. 46 
3%). D 
421.71 
421.39 
425. @5 

Oct. 26.. .. .. 
Oct. 26-27 ... 
Oct. 27.. .. . . 
Oct. 27.. .... 
Oct. 27-1 ... 
Oct. 3s .... .. 
Oct. 2s.. . . . . 
Oct. 23-3.. . 
Oct. 29 .... .. 

No. a0s. Rnndolph, 
Nebr., C. L. Gamer. I Nov. 2. ..... 

Nor. W.... 
Nor. 3. .... . 
NOV. 3.. ... . 
Nov.3-4.. .. 
Nov. 4.. ... . 
Nov. 4.. ... . 
Nov. 4-5..,. 
Nov. 5.. ... . 

No. 2@3. Leon, Iowa, 
C. L. Garner. 

No. 209. Lnuwl, Md., 
C. L. aarncr. 

Nov .?n..... 
Nov. 20-31.. 
Nov.21 ..... 
NOV.21 ..... 
Nov. 21-22. . 
NOV. 22 ..... 

No. 213. Rockvillc, 
Md., C'. L. Gsrncr. 

No. 214. Fairlax, Vo., 
C. L. Garner. 



Pendulum obseruntima and reducthns-Continued. 
- -  - 

- 
Sure 

mnm. 
64 
58 
63 
58 
65 
61 
59 
55 
62 

49 
55 
56 
56 
58 
59 
54 
56 
67 

62 
48 
56 
57 
66 
71 
63 
80 
73 
53 
55 
58 

r 

g 

Duncs 
9SO.W 

Date 

1915 
Dee. ll..... . 
Dee. 11-12 ... 
Dee. 10 ...... 
Dec. 12 ...... 
Dec. 12-13 ... 
Dee. 13 ...... 
Dee. 13 ...... 
Dee. 13-14 ... 
Dee. ll...... 

1916 
J m .  8 ....... 
Jan. 5-9 ..... 
Jan. 9 ..... :. 
J m .  9. ...... 
Jan. 9-10 .... 
Jan. 10 ...... 
Jan. 10 ...... 
Jan. 10-11 ... 
Jan. 11 ...... 
Jm.19 ...... 
Jan. 19-m... 
Jan. 20 ...... 
Jan. 20 ...... 
Jan. 2&2l... 
Jan. 21 ...... 
Jan. 21 ...... 
Jan. 21- B... 
Jan. 22 ...... 
Feb.4 ....... 
Feb.4-5 ..... 
Feb.5 ....... 

Cormtiom (seventh dedmal place) 

NO. 213. Upper Marl- 
born, Md., C.  L. Om- 
ner. 

No. 219. Fihgem~tOwn, 
Md., C. L. Gamer. 

. 

Wash ingh  1). 4, 
coast and'Ueodehc 
Survey O&e,C. L. 
Garner. 

Aieang 

U r n  

Period uncorrected Period corrected . 

~hronorn- 
eter No. 
1828 

a. 
0.5WiS.l6 
.500iS22 
.5M)i85 
.5006128 
.50061M 
.5006152 
.5005872 
.5005SM 
. W 7 3  

.50MlR 

.500R570 

.5008858 

.500il34 

.500i131 
.500i157 
.5006845 
500bS60 

:5006676 

.SO8297 

.YXJ829S 

. , W 1 3  

.50&%0 

.5006593 

.500GPJ5 

.5006336 

.5006385 

.5006330 

.3XI6325 

.5M)632l 

Chrmom- 

- - - - - -  
8. 

0.500R442 
.5OW40 
.i%US457 
.5008703 
.5006719 
.5006733 
.MOB74 
.MOB72 
-5008379 

.XW3571 

.5WW0 

.5OD8540. 

.5006809 

.5006800 

.5Wljy10 

.KO6470 

.5006468 

.5006168 

.500S389 

.iWB396 

.500S393 

.5006632 

.5008613 

.5M)8847 

.5008290 

.5006305 

. m a 1 2  

.%%294 

.SXW03 

.SO06303 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
6 
6 

' 7 
8 
9 
1 
2 
3 

Tem- ~ h r o n o k -  
eter No. 
1838 

a. 
0.5007791 
.500ii57 
.5U07i58 
.5006017' . XW030' 
.5008W 
.5005711 
.5005699 
m50057M) 

. 5 0 W 9  

.5008550 

.5005566 

.50W47 

.5OOBS37 

.5000W 
.5IXHXM 
.5006524 
.5008537 

. 5 O O W O  

.5OWO58 

.SM)B323 

..j008337 

.5006343 
-0039 
.5OlXO% 
.5006101 
.5006055 
.m2 
.5OOWi9- 

Ghro- 
nome 
tar No. 
1828 

a. 
319.75 
3B. 09 
319.58 
4B. 45 
4W.M 
404.90 
426.24 
426.78 
428.22 

aSO.91 
2Sa.36 
383.73 
351.44 
351.08 
34Y.B 
365.76 
364.m 
364.0s 

301.79 
301.77 
301.32 
381.10 
379.72 
378.72 
39i. fi3 
395.11 
393.02 
326.05 
395. i 6  
3%.00 

- 11 - 6 - 11 - 12 
- 11 - 12 - 10 - 10 - 10 

- 14 - 11 - 11 - 11 - 9 - 11 - 10 - 9 - 11 
.%@SIM-11+!Z27 - 9 - 11 - 9 - 9 - 9 - 8 - 10 - 12 

-11 - 9 
9 

9S0.093 
9SO.W 
980. 
gw. 082 
9S0.079 
8SO.OS3 
880.084 
880.083 

9S0.016 
980.051 
950.052 
980.043 
QSO.(Wg 
950.019 
9SO.042 
980.049 
9S0.049 

.YJOfB95....------ .......... ........ --  ...... -.-- .......... ..: ....... -.-.---- - -  ...------- .......... 
-.-...-.-. 
...-.....- 
....... --. 

------- 
mm. 

2.3 
0.7 
1.4 
2.1 
2.0 
2.2 
1.8 
2.0 
1.9 

2.5 
1.9 
2.1 
3.0 
1.4 
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Chapter 11.-DESCRIPTIONS OF STATIOBS. 

There are given below the descriptions of the 219 stations in the United States with. 
the years in which they were established. The description .is designed to enable one to re-. 
cover the place where the pendulums were swung. The numbering of the stations is the. 
same as' that used'in other parts of this volume. 

No. 1, Kiy Wat, Rla. (1896).-Post office, southeast baaement room. The case waa mounted on the concrete: 
floor. 

No. 2, West Palm B e d ,  Fla. (1909).-Zapf's Opera House, room in basement under north part of building. The. 
eaae waa mounted on a concrete pier against a stone wall. 

No. 3, Punta Gorda, Fla. (1909).-Punta Gorda Hotel, in the space partly walled in under the main entrance.. 
The cme was mounted on a low pier of concrete and brick againat a buttress of the wall. 

No. 4, Apaladieola, Fh. (1909).4bservatory pendulum room on Weather Bureau signal grounds near the center. 
of the Florida Promenade Park between Fifth and Sixth Avenuee and First and Second Streets, extended. The case 
waa mounted on a low brick pier. 

No. 5, New Orkans, La. (1895).--City Hall, hallway in basement of building. The case was mounted on the slate 
floor.. 

No. 6, Rayilk, La. (1909).-Dr. J. H. Wilkins's office, medicine room i n  mutheaet comer of ma l l  onegtory brick 
building south of the Vicksburg, Shreveport & Pad ic  Railway tracks and three and one-half telegraph poles weat of' 
the cro&ng of the Vicksburg, Shreveport & Pacific and the St. Louis, Iron Mountain & Southern Railways. The case. 
was mounted on bricks cemented together and to the concrete floor. 

No. 7, Galveston, Tex. (1895).-Ball High School, storeroom on the ground floor. The case was mounted on the 
concrete floor. 

No. 8, Point Isabel, Tex. (1909).-Constructed pendulum room 2.85 meters north and 0.67 meter west of the lon-. 
gitude pier used by h i s t a n t  Smith in 1906 and about 110 meters north of the lighthouse. The case was mounted 
on a low concrete pier. 

No. 9, Laredo, Tex. (1895).--Commimry of Fort McIntcah, room in the basement. The case was mounted on a 
low brick pier build against the foundation wall. 

No. 10, Austin, Tex. (capitol) (1895).-Capitol BGlding, basement room southeast of the rotunda. The case was: 
mounted on the concrete floor. 

No. 11, Austin, Tm. (rcniversity) (1895).-University of Texas, main building, Aquarium room in basement. The 
case was mounted on the .comer of a concrete wall. 

No. 12, McAlester, Okla:(1909).-High school just east of the Masonic Temple, northeast comer of the ehower-bath 
room on the ground floor. The case was mounted on three &inch cube stone blocks, each cemented to the concrete. 
floor. 

No. 13, Little Rock, Ark. (1896 and 19li).-Post office, north center basement mom. The case was mounted on the. 
concrete floor. 

No. 14, Cohtmbia, Tenn. (1909).--Old dormitmy of the high and public school, in southeast corner of besement near. 
bathing tank. The case was mounted on three 6-inch concrete blocks, each cemented to the concrete floor. 

No. 15, Atlanta, Ga. (lS96).-State Capitol, northwest basement room of the Washington Street wing. The case. 
was mounted on the mphaltum floor. 

No. i6, McCmtk&, S. C. (1909).-McCormick oil mill of the Anderson Phosphate Co., four and one-half telegraph 
poles west of the Charleston & Western Carolina Railway depot, in the southeast corner of the furnace room at the. 
south end of the building. The case was mounted on a low brick pier. 

No. 17, C'harleston, S. C. (1896).-South Carolina Military Academy (citadel), storeroom in the southwest corner, 
of the ground floor. The case was mounted on the brick floor. 

No. 18, Becllflort, N. C. (Ism).-Masonic Hall on Turner Street, one block south of the courthouse; ma l l  room 
near the center of the north side of the basement. The case was mounted on a low concrete pier. 

No. 19, Charlotteszrille, Va. (2894).-University of Virginia, basement of biological laboratory. The case wae 
mounted on a low brick pier. 

No. 20, D m  Parl:,'Md. (lSW).-East comer of swimming-pool building west of the Deer Park Hotel. The case 
waa mounted on a low stone pier. 

No. 21, Washinq~on, D. C. (1900).4ffice of the United States Coaut and Geodetic Survey, New J e m y  Avenue 
and B Street SE., pendulum room in southwest comer of basement. The case was mounted on a massive brick pier.. 

No. 23, Washington, D. C. (Sndthsonian Institution) (1891).-Northeast basement of the Smithsonian Institution, 
The case was mounted on a brick pier. 
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No. 23, Baltii~aore. Md. (1893).--Johns Hopkins University, bagement of the physical laboratory. The case wag 
probably mounted on a brick or masonry pier. 

No. 24, Philudelphia, Pa. (1S94).-University of Pennsylvania, small room in northwest corner of basement of 
College Hall. The case was mounted on the concrete floor. 

No. 25, Princeton, 1V. J. (lS94).-College of New Jersey, basement of magnetic observatory or electrical building. 
The case was mounted on a tall brick pier. . . .  

No. 26, Hoboken, N. J. (1891).-Basement of the Stevens Institute of Technology. The case wasprobably mounted 
on a brick or maaonry pier. 

No. 37, -Vezu York, N. 1': (IS99).--Columbia University, i n  a small room i n  the sub-basement near the center of 
the front of the Physics Building. The case was mounted on a brick pier. 

No. 28, Worcester, Mass. (ZS99).--Worcester Polytechnic Institute, i n  the southwest corner of the c o ~ g h n t  tem- 
perature room.of the physical laboratory which is near the middle of the north side of the basement. The case was 
mounted on a stone pier. 

No. 29, Boston. Nass. (1894).-New addition to State house, vault i n  northeast part of basement. The case wns 
mounted on the concrete floor. 

No. 30, Cantbridge, Muss. (1S94).-FIarvard College Observatory, basement room north of equatorial f~undation. 
The c:w was mounted on the heavy stone doorsill. 

No. 31, Calnis, Me. (1895).-Basement of high-school building. The case was monnt,ed on the concrete floor. 
No. 33, Ithaca, N. 1: (1894).--Cornell University, i n  the metric room i n  the northeast part of the basement of 

Lincoln Hall. The case was m~u.nted on a tall brick pier. 
No. 33, Cleveland, Ohio (1894).-Adelbert College, i n  balance room i n  the west corner of the basement. The case 

was mounted on a large 1:lrick pier with capstone. 
No. 34, C.Siaei?ntati, Ohio (1894).-Cincinnati Observatory on Mount Lookout, i n  the basement north of the foun- 

dation of the meridian circle. . The case was mounted on a low brick pier built on the brick floor. 
No. 35, Tme Hozite, b d .  (lS941.-Rose Pol>*chnic Institute, i n  the west roomof the basement of themainbuilding. 

The case was mounted on a large brick pier wit.h slate top. 
NO. 36, C!hiengo, Ill. (1894).-University of Chicago, constant temperature mom i n  the northeast part of the main 

floor of the Ryerson Physical Laboratory. The case was moulnted on a maasive brick pier with capstone. 
No. 37, Madismz, Wis. (1906).-university of 'A7isconsin, i n  the basement of Science Hall. The caae was mounted 

on a brick pier. 
No. 38, St. Loz~is, Mo. (1894).-T17ashin@on University, i n  the south basement room of the chemical laboratory, 

which is near the northwest corner of St. Charles and Seventeenth Streets. The case was mounted on a low pier built 
on the brick floor. 

No. 39, hkmas C.%ty, No. (lS94).-Franklin School a t  the northeast corner of Washington Avenue and Fourteenth 
Street, i n  a emall storeroom i n  the south part of the basement. The case was mounted on bricks cemented to the 
concrete floor. 

NO 40, Ellsulorth, h7ans. (1894).-Ellsworth County courthouse, near the center of the basement. The case w a  
mounted on a large stone doorsill. 

No. 41, Wallace, A4ans. (1894).-Stone residence northwest of station belonging to the Union Pacific Railway, i n  
the basement. The case was mounted on a stone doorsill. 

NO. 42, Colorado Springs, Colo. .(1894). -Colorado College, small room near northeast comer of basement of H w r -  
m n  Hall. The case was mounted on a low pier built on the concrete floor. 

No. 43, Pikes PC& Colo. (18941.-Small storeroom a t  m t h  end of stone building on the east aide of the m m i t .  
The case was mounted on large stones cemented t;r the concrete floor. 

NO. 44, Denzrer, Cola. (1S94).-University of Denver, in  the basement of Cham1:lerlin Observatory south of the 
gquatorial foundation. The case was mounted on large stones cemented to the concrete floor. 

NO. 45, Gziliiiison, Colo. (1894).-La Veta Hotel, small room beneath the sidewalk a t  the northeast corner. The 
case was mounted on a heavy stone doorsill. 

No. 46, Gmnd Ju~action, C610. (1894).-Brunswick Hotel, on Main Street west of Fourth Street, i n  the cellar under 
the northeast corner. The case was mounted on a low brick pier. 
. No. 47, Green River, Utah (1S94).-Palmer House, in the east corner of the cellar under the south part of the build- 

ing. The case was mounted on a low brick pier built on the concrete floor. 
No. 48, Pleasaiat Tk'nlley Jzinct.io,n, Utah (1894).-Residence of T. Arrowamith, about 65 meters north of the Rio 

Grande Western Railway station, in  the west comer of the cellar. The case was mounted on a low brick pier. 
No. 49, Salt Lake City, Utah (1S941.-Small astronomical obsematory in  the southeast comer of Temple Block. 

The case was mounted on a stone pier 1 meter high. 
NO. 50, Gra?ad.Cn?~yon, Wyo. (1S94).--Canyon Hotel, i n  Pellowstone Park, i n  the unfinished basement a t  the west 

end of the main building. The case was mounted on a low brick pier. 
No. 51, Norris Geyser Basil,, Wyo. (1S94).-In Pellowstone Park, i n  asmall room a t  the entrance to the storehouse 

west of the lunch station a t  Norris Geyser Baain. Thc c m  was mounted on three wooden posts driven into the ground 
and braced. 

No. 53, Loqrrer Gqsm Basin, Wyo. (1894).-Fountain Hotel, i n  Yellowstone Park, i n  an unfinished room i n  the 
b ~ m e n t  a t  the north end of the central wing. The case was mounted on a low brick pier. 
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. No. 53, Seattle, Wash. (~mnivc. Gty) (1899).-Washington State University, just northeast of Lake Union, i n  the 
ph>rsical laboratory which is  m a r  the east end of the basement of the main building. The case was mounted on a 
&&nry pier with-marljle top. 

No. 54, Sari l+an&co, C'nl. (189l).-This station is,probably located i n  the Davidson Observatory i n  Lafayette 
Park. The case was mounted on a llrick pier. 

No. 55, Noz~nt Hai,l.ilton, Cal. (1S91).-Lick Observatory, on Mount Hamilton. The case was mounted on a 
brick pier. 

No. 56, Seattle Wnsh. (high school) (1891 and .1S99).-High-who1 building, in  a small room used for storing arms 
partitioned off from the northwest room of the basement. The case was mou~nted on the concrete floor. 

No. 57, Iron River, Mich. (1909 and 1910)-High school, just north of the center of town and two blocks west of the 
railway depot, i n  a small room in the basement, which is near the foot of the stairway leading from the western one of 
the main entrances to the basement floor. The case was mounted on three bricks cemnted to the concrete floor, one 
brick under each footplate. 
. . .No. 5Y, Ely, Xnn. (1909).-High school, 1905, small storage room under stair landing i n  west end of basement. 

. The case was mo11nted on the concrete floor. 
. No. 50, Peinbilua, N. Dal. (1909).-Public school, also used as high school, temporary room constructed i n  west 
corner of the .b~ement .  The case was mounted on low concrete pier. 
. No. 60, Nitchell, S. Dak. (1909).-Dakota Wesleyhn University, College Hall 1859, cliemical storeroom in the south 
side of the basement about 30 feet from the southwest corner of the building. The case waa mounted on the concrete 
floor. 
. No. 61, Slt~eet~uater, Tex. (1910). -Cyclone cellar of R u w l l  Rhodes  just to the rear of his dwelling. which is the 
second house on tlie east aide of the street leading south from the Texas cS: Pacific Railway tracks to the Sweetwater 
.&finera1 Springs Park. The case was mounted on the concrete floor. 

No. 62, Kerrville, Tex. (lolo).-Lowry Block, a litt.le south of the courtliouse grounds, i n  tlie basement. The case 
was mounted on the concrete floor. 

No. 63, El Paso, Tex. (19lO).-El Paso High Scliool, Nortli Kansas and Arizona Streets, small room under stairway 
in the southwest Bide of tlie basement and near the outside basement door. The case was mounted on the concrete floor. 

No. 64, Nogales, Ark. (19lO).-Public-school building, small room used ds library and storeroom in the south 
aide of the basement. The case was mounted on a concrete pier. 

No. 65, I-uma, Ariz. (1910).-Public-school building, corner of Second Avenue and Third Street, a temporary 
room const.mcted i n  the southeast corner of the basement room which is to be  used for manual t e n g .  The case waa 
mounted on the concrete floor. 

No. 66, Conl.pton, Cal. (19lO).-High school, i n  the northeast corner of the southwest corner room of the basement. 
The caw. was mounted on the concrete floor. 

No. 67, Goldfield, New. (1910).-High school, corner of Rsmsey and Euclid Streets, i n  small oil room on the boys' 
aide of the basement near the northwest aide of the building. The case was mounted on the concrete floor. 

No. 68, Ilavapai, An'z. (19lO).-Yavapai Point, i n  small tunnel on the rim of the Grand Canyon, 1.2 miles east of 
El Tovar Hotel. The case was mounted on three stones cemented to the rocky floor of the tunnel. 

No. 69, Grand Canyon, A&. (19lO).-Bright Angel trail, in a tunnel on the mining claim of Mr. Cameron near the 
bottom of the Grand Canyon, 55 paces west from the steep part of the trail known as the "corkscrew" and 12 feet above 
the bed of a creek. The case was mounted on three stones embedded i n  a 4-inch layer of concrete on the rocky floor . 
of the tunnel. 

No. 70, Gallup, N. Mex. (19lO).-Public-school building. temporary room constructed in the northeast comer of 
. the basement. The case was mounted on a low concrete pier. 

No. 71, Laa Vegas, N. Mex. (1910).-Normal school on Main Street between Eighth and Ninth Streets, East Las 
Vegas, girls' dormitory, a temporary room constructed i n  the southeast corner of the west room of the basement. The 

- .case was mounted on the concrete floor. 
No. 73, Sl~~nwock, Tex. (1910).-Cyclone cellar near the northwest corner of the residence of E. H. Small, about 

one-half mile southwe~t of the main part of Shamrock. The case was mounted on the concrete floor. 
No. 73, Dmison, Tex. (19lO).-High school, northwest corner of Main Street and Barrel1 Avenue, in  basement 

atoreroom between the physical and chemical laboratories. The case was mounted on three concrete blocks,each 
cgmented to the concrete floor. 

No. 74, Yinmapolis, %inn. (1910).-University of'&Iinnesota. constant temperature room, near the center of the 
basement of the physical laboratory. The case was mounted on a stone plinth 4 inches thick cemented to the tile floor. 

No. 75, Lead, 8. Dak. (19lO).-Highehool building, vault near the middle of the east side of the basement. The 
case waa mounted on three concrete blocks molded i n  place on the concrete floor. 

No. 76, Bismarck, N. Dak. (1910).-Will School building, superheating room, center of basement. The case was 
mounted on a low concrete pier. 

No. 77, Hinsdale, Mont. (19lO).-Public school, middle of the north aide of the basement. The case waa mounted 
on a low concrete pier. 
. No. 78, Snndpoint, Uaho (19lO).-Farmington Central School, alcove under the stairs of B e  main entrance in  the 
middle of the north aide of the basement. The case was mounted on t h e  bricks, each cemented to the concrete floor. 
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No. 79, B&, Idaho (19lO).-High-echo01 building, new (1908) east wing of boys' dresaing room in south part of 
basement directly under the Tenth Street entrance. The case wae mounted on three bricks,each cemented to the 
concrete floor. 

No. 80, Astoria, Oreg. (19lO).-Federal Building (customhouse and post oftice), temporary room constructed in 
the west part of the basement. The case wss mounted on three bricks, each cemented to the concrete floor. 

No. 81, Simon, Cal. (1910).-Simn Tavern at Benyvale, about 1 mile west and t mile aouth of the Sisson railroad 
station, a temporary room constructed in the basement under the southwest comer of the main part of the building 
The case was mounted on a concrete pier. 

No. 82, Rock Springs, Wyo. (1910).-City -11, room near the middle of the southeast side of the basement and just 
east of the boiler room. The case waa mounted on a low concrete pier. 

No. 83, Parton, Nebr. (1910).--Globe Hotel, cellar under the storehouee at  the rear of the hotel. The case wae 
mounted on three bricks, each cemented to the concrete floor. 

No. 84, Washington, D. C. (Bureau of Stundards), (19lO).-Room No. 16,near the center of the basement of the 
physical laboratory or main building. The case waa mounted with one brick under each footplate cemented to the 
concrete floor. 

No. 85, No~th Hmo, Vt. (1909 and 1910).-Irving House, middle of east ride of the'east room of the basement. 
The case was mounted with two bricks under each footplate cemelited together and to the concrete floor. 

No. 86, Lakc Placid, N. Y. (1909).-Lake Placid Inn, storerbom in the eaat comer of the basement directly below. 
the hotel dining room. The casa waa mounted on a low concrete pier. 

No. 87, Potsdam, N. Y. (1909).--Clarkmn School of Technology, photometric room, on the ground floor, directly 
north of north entrance to the furnace room. The case was mounted on a stone pier composed of two large stone blocks 
resting on the concrete floor. 

No. 88, Wilson, N. I". (1909).-Wilson High School, middle furnace room in the center of the basement. The case 
was mounted on a low concrete pier. 

Nb. 89, dlpeno, Mid. (1909).--City hall, alcove under steps at  the northwest end of the baaement hall and just 
to the left of the entrance to the oEce of chief of police. .The case was mounted on the concrete floor. 

No. 90, Virginia Bead, Va. (1911).-Arlington Hotel, temporary room constructed in the northeast comer of the 
basement of the north wing. The case wap mounted on low concrete pier which in turn rested on the brick floor. 

No. 91, Dzc.rham, N. C. (1911).-Trinity College, Academic Building, mall  room in middle of east end of baeement. 
The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 92, F m ~ ~ d i l ~ a ,  Flu. (19ll).-Federal Building, northeast comer of Center and Fourth Streets, coal room in 
the southeast comer of the basement. The case was mounted on three bricks each cemented to the concrete floor. 

No. 93, Wibm, Ah. (1911 and 1915).-Abandoned ice house at  the east end of the post office, which is located at 
the pdnt where the main mad from the railway station turns to the westward. The cam was mounted on a brick pier. 

No. 94, Aliceville, Aln. (1911) .--Constructed pendulum room located on a pul~lic highway or West First Street, 47.5 
feet north of the building line on the north eide of Third Avenue and 23 feet west of the building line on the east eide 
of West First Street. The case was mounted on a concrete pier. 

No. 95, Neu, Xadrid, Mo. (19ll).-High-school building. furnace room in the basement at  the west end of the 
west wing. The cam was mounted on three bricks each cemented to the concrete floor. 

No. 96, Jfenn, Ark. (19ll).-High-who01 building, southwest corner of Eleventh Street and Magnolia Avenue, 
furnace room in the baaement under the east end of the building. The case was mounted on three bricks each cemented 
to the concrete floor. 

No. 97. Nacogdoches. Tex. (1911).-M. E. Chrch on Hospital and Pecan Streets. small room off the west end of 
the vestry in the north end of the basement. The cttse: was mounted with two bricks nncler each footplate cemented 
together and to the concrete floor. 

No. 98, dlpi~le, Tex. (l9ll).-High-school building at  the foot of Sixth Street, small llasenicnt room in the middle 
of the west side of the building directly under the west entryway. The c w  was mounted with two bricks under each 
footplate cemented together and to the concrete floor. 

No. 90, Farrusll, Tcx. (1911).-Farwell Hotel at  the southwest corner of the public square, basement mominmuth- 
west comer of the building, which is unoccupied. The case: was mounted with two bricksunder each footplate cemented 
together and to the concrete floor. 

No. 100, CSuynun~, Okla. (1911).-Summem Building, small ineide room off the northeaet corner of the barber shop. 
The case w a ~  mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 101. Hekn.urood, Tenn. (1911).-Observatnry pendulum room on the premises of Mr. Duncan, directly opposite 
the railroad station at  Helenwood, 40 feet south of Mr. Duncan's north fence line and 16 feet west of his'east fence line 
and about 400 feet east of the railroad station. The case was mounted on a pier of concrete building blocks. 

No. 102, Cloztdhnd, Tman. (1909).-Summit of Roan Mountain, Old Cloudland Hotel, northwest corner of the 
southeast room on the ground floor. The case w& mounted on a concrete pier. 

No. 103, Hughes, Tam. (1909 and 1911).--Observatorypendu!umrhm on Lewis Hughes'e farm, in the corner of 
his paeture lot, and about 75 feet due east of the north end of his house, which is the first house on the east side of Cove 
Creek just pouth of its junction with Doe River, 1?$ miles east of Hughes Gap and 1% west by south from 
Burbank. The cam was mounted on a concrete pier. 
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No. 104, Chrleston, W. Va. (19ll).-High-xhool building on Quarrier Street near Broad Street. boys' coat room 
in the basement under the boys' entrance on the northwest side of t,he building. The case was mounted with two bricks 
under each footplate cemented together and to the concrete floor.. 

No. 105, State College, Pa.  (19ll).-Chemistry-Physics Bcilding oi Pennsylvania State College, photometer room 
i n  the basement. The case was mounted ~ i t h  two bricks under each footphte cemented together and to the colicrete' 
floor. 

No. 106. Fort Kent, Me. (1909).-Dickey Hotel, i n  the north corner of the basement directly under the hotel ofice.. 
The case was mounted on a low concrete pier. 

NO. 107, Prentire, Wis. (1911).-Public-school building, room i n  the basement under the east entrance to the build-. 
ing. The case was mounted on a concrete pier. 

No. 10S, Fcrg~cs Falls, X~IHI. (19ll).-High-school building on Cavour Street between Court and Union Streets, 
girls' entrance to the basement from the north side of the building. The case was mounted with two bricks under 
&h footplate cemented together and to the concrete floor. 

No. 109, Shcrirlnn, V$o. (19ll).--County courthouse, southwest corner of South Main and West Burkill Streets; 
room i n  the northweet corner of the basement known as storage vault No. 2. The cme was mounted with t,wo bricks 
under each footplate cemented together hnd to the concrete floor. . 
' 

No. 110, Boulder, Moilt. (1911).-Public school south of the co~~rthouse, boys' toilet i n  the southeast comer of the 
basement. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

NO. 111, Stykomish, Wash. (1911).-Public-school building. toiler room. The case was mounted with two bricks 
under each footplate cemented tcgether and to the concrete floor. 
. No. 112, Olympia, IrirsA. (1911).-Wmhington School htlilcling on West Fifth and Quince Streets, boys' toilet in  
the basement east of the main entrance on the north side of the building. The case was mounted d t h  two I-)rich 
under esrh footplate cemented together and to the concrete floor. 

NO. 115, Heppner, Oreg. Q911).-Momw County courthouse, storage room i n  the middle of the basement. The 
case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 114, Tmickce, Cul. (19ll).-High-school building, temporary room col~~tructed i n  the northeast corner of the 
southern half of the basement. The case was mounted on a concret,e pier. 

No. 115, Whmzicca, Xev. (1911).-Store owned by H .  Warren, on Bridge Street, next to the fire station, furnace 
room i n  the basement. The case waa mounted with two bricks under each footplate cemented together and to the 
concrete floor. 

No. 116, Ely,  New. (19ll).-Graded-achool building, storage room i n  the northeast comer of the basement. The 
case was n~ounted with two bricks under each footplate cemented together and to the concrete floor. .. . 
' No. 117, G~tenlsq, Tyo. (19ll).-Guernsey Hotel, basement room about the middle of the south aide. The case 
was nnlounted with two 1)ricks under each footplate cemented together and to the concrete floor. ' No. 118, Pierre, 8. Dnk. (1911).-High-school building opposite the Capitol, storage room in basement between 
the toilet and the gymnasium. The case was mounted with two bricks under each footplate cemented together and to 
the concrete floor. 

No. 119, Fort Dodge, Iowa (19ll).-High-school building, storage room about the center of the basement. The 
case was mounted with two bricks under each foot,plate cemented together and-to the concrete floor. 

No. 130, Keilhsburg, Ill. (1911).-Public-echo01 building, temporary room constructed i n  the basement undei the 
west part of the building. The case was mounted with two bricks under each footplate cemented together and to 
the concrete floor. 

No. 131, G r a d  Rapids, Mirh. (19ll).-Smaller building on the northwest comer of the new high-school grounds, 
a t  Fountain and Xorth Proepect Streets, boiler room i n  the northwest corner of the basement. The case was mounted 
on the concrete floor. 

No. 122, Bngoln., Id. (1911).-Public-school building on  it Water Street betweea South Wayne and South 
Martha Streets, storage room i n  the southeast corner of the basement. The case was nloulited with two bricks under 
each footplate cemented together and to the concrete floor. 

No. 123, dlbnny, N. 1'. (1911 and 1914).-Puhlic School No. 21, at  Delaware and Dana Avenues, janitor's store- 
room i n  the basement, under the boys' entrance on the east Bide of the lmilding. The case .was mounted with two 
bricks under each footplate cemented together and to the concrete floor. 

No. 131, Port Jervis, N. Y. (19ll).-Church Street School building, basement room about the middle of the south- 
east side of the building. The case was mounted with two bricks ulirler each footplate cemented together and to the 
concrete floor. 

No. 125, Allantic City, N. J. (1914).-New high school, corner of Atlantic and Massachusetts Avenues. northwest 
corner of the dark BtOreroom i n  the basement, directly under the steps at  the Atlantic Avenue entrance. The case 
was mo,unted on a slate slab 3 inches thick cemented to the floor. 

No. 126, Briclgchampton, N. Y. (1914).-High-school building, near the north side of the lal:~oratory room in the 
basement. The caae was mounted on the concrete floor. 

No. 137, Chntham, Mass. (1914).-In northwest corner of the small concrete fish houee belonging to A. E. Thatcher 
on the north Bide of the mill pond. The case was mounted on the concrete floor. 

No. 125, Rockland, Me. (1914).-Home of Fred Burpee, a t  104 Limerock Street, i n  the northwest corner of the 
'wuth extention of the basement or cellar. The case waa mounted on the concrete floor. 
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No. 129, La?~caster, N. H. (1914).-High school, near t.he intersection of Main and School Streets, i n  the basement 
near the northwest corner of the southwesterly room used as a bath and dressing room for the gymnasium. The case 
was mouuted on the concrete floor. 

No. 130, TFl~itehall, N. I-.. (1914).-Armory at  'the corner of Willian and Daultney Streets, near t.he northwest 
'corner of the dark room i n  the basement. The case was mounted with one bricli under each foot,plate cemented to the 
concrete floor. 
, No. 131, Little Falls, N. Y. (1914).-Benton Hall School, on the east side of the park, a t  the corner of Alexa.nder 
and Waith Streets, i n  a temporary room constructed i n  the most northwesterly room of the basement. The case mas 
mounted on the concrete floor. 

No. 132, W(itt.rtortm, N. 1: (1914).-High school, on Sterling Street between Washington and Jay Streets, in  the 
carpenter shop i n  the basement. The case waa mounted on the concrete floor. 

No. 133, Southport, N. 17 (1914).-In the basement of a small store on PennsylvaniaAvenue used as a storeroom 
by  Sargent & Sage, whose grocery store is the next building east a t  the corner of Pennsylvania and Caton Avenues. 
The case waa mounted on a pier built of brick, stone, and plaster of Parig. 

-No. 134, Erie, Pa. (1914).-Public School No. 2, a t  the comer of Seventh and Holland Streets, i n  the basement 
etoreroom under the steps a t  the south entrance. The case was mounted on the concrete floor. 

No. 135, Parkersburg, W. Va. (1914).-Poat office, i n  the ~outheast comer of the small room in the northeast comer 
of the basement. The case was mounted with one brick under each footplate cemented to the concrete floor. 

No. 136, Columbus, Ohw (1814).-Franklin County Memorial Hall, on East Eroad Street, i n  the northeast comer 
of a triangular-shaped room called the kitchen, i n  the basement bat! of the stage. The case waa mounted with one 
brick under each footplate cemented to the concrete floor. 

No. 137, Iiuliampolis, hd. (1914).-Po& office, i n  a antall. triangular-&aped room.on the Meridian Street side of 
the basement used aa a storeroom by the engineer of the building and directly across the hall from the west elevator. 
The case was mounted on the concrete floor. , . 

No. 138, Sprin?field, Ill. (1914).-Edwards Public School, a t  the corner of Lawrence Avenue ,West and Edwarcls 
Street, i n  a room near the center of the north front of the ljasement,. The case was mounted on the conckete floor. 

No. 139, Lebanon, dfo. (1914).-New high school, i n  the furnace room about 2 feet from the comer of the brick- 
work supporting the boiler. The case was mounted on the concrete floor. 

No. 140, Joplin, bio. (1914).-Post office, a small room with a sloping ceiling under the stairway in the northeast 
corner of the basement. The caee waa mounted on the concrete floor. 

No. 141, Fort Sinith, Ark. (1914).-Courthouse, in  the northeast comer of the room used aa a test room for cement, 
etc., by the city engineer, i n  the southeast comer of the hasement. The case wae,mounted on the concrete floor. . 

No. 142, Tezarkana, Ark. (1914).-Post office, i n  the northwest room of the basement of the north wing. The case 
was mounted on the concrete floor. 

No. 143, Hot Springs, Ark. (1914).--Garland County courthouse, i n  the north corner room of the ground floor. The 
case was mounted on the concrete floor. 

No. 144, Alezandria, La. (1914).--City hall, in one of the small closets under the s t e p  on the northwest side of the 
basement and just to the left of the short flight of steps leading to the main hall of the basement. The case was mounted 
on the concrete floor. 

.No. 145, Laurel, Xiss. (1914).-Silas Gardner School, i n  a room on the north side of ,the basement, the first room 
to the left when entering the basement a t  the east door and just a c r m  the hall from the domestic-science kitchen. The 
case was mounted an the concrete floor. 

No. 146, Richmond, 7a. (1915).-Post office, i n  a room near the center of thc south side of the basement used ass 
storeroom by the internal-revenue department. The case was mounted with one brick under each footplate cemented 
to the concrete floor. 

No. 147, Bnporia, Va. (1915).-The station is i n  the county courthouse. Two sets of observations were made, the 
first i n  the office of the c o d ~ i o n e r  of revenue in the south wing of the courthouse and the second i n  the southeast 
comer of the mayor's office, which is the nest  room. For the first set the case was mounted on the wooden floor and 
for the second set the case mas mounted on the concrete floor. 

No. 143, Greenlrille, N. C. (l915).-Proctor Hotel, on the corner of Evans and Third Streets, i n  room No. 2 of the 
higher or back level of the basement, the second room from the steps leading from the lower or front part of the base- 
ment and on the left side of the hallway. The case was probably mounted on the concrete floor. 

No. 149, Til~nington, N. C. (1915).--County courthouse a t  the intersection of Third and Princess Streets, i n  a room 
i n  the basement once used as a storeroom for disinfectants by the city health officer. I t  is  on the side of the basement 
toward Princess Street and the last room but one on the left side of the corridor a t  right angles to Third Street. The 
case wan mounted with two bricks undcr each footplate cemented together and to the concrete floor. 

No. 1.50, Cneraw, S. C. (1915).-lTot.cl Covington, i n  a back room on the first floor, the second room from the nor1.h- 
west end of the building and directly opposite the office of Dr. Punvk. The room is separated from the next one.by 
a partition two-thirds of the way to the ceiling. The case was probably mounted on the concrete floor. . 

No. 151, Chnrlotte, N. C. (1915).-United States aawy office, in  a small room in the east corner of the basement. 
The case was probably mounted on the concrete floor. 

No. 152, dsheeilk, 1V. C. (1915).-Post office, in  the northeast corner room of the basement which has two small 
windows opening on lIaymood Street. The case waa mounted with two brick6 under each ioot.plate cemented together 
and to the concrete floor. 
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No. 153, CleveZa?ad, Tenn. (1915).-Post office,% the southwest corner of the. basement, in a room used as a rest 
room for the rural carriers. The case was mounted with two bricke under each footplate cemented together and to 
the concrete floor. 

No. 154, Winston-Salem, N. C. (1915).-High school on Cherry Street at  the head of Third Street, in the southwest 
comer of the basement in a room used as a storage room. The case was probably mounted on the concrete floor. . 

No. 155, A-nmille, Tena. (1915).-Western Union office building, on Gay Street near Vine Street, in the basement 
in a room used as a storeroom by the linemen and about 10 feet from the foot of the etairs leading down from the main 
office. The case was mounted with two brich under each footplate cemented together and to the concrete floor. ' 

No. 156, Bristol, Va. (1915).--Courthouse and city hall, in a room on the south side of the basement next to the 
eouthea~t comer room. The case was mounted with two bricks under each footplate cemented together and to the 
concrete floor. 

No. 157, Homestead, Fla. (1915).-High school, in a temporary room constructed on the north end of the west 
porch. The case was mounted with two bricks under each footplate cemented together and to the concrete floor of 
the porch. 

No. 158, Sefinq, Fla. (1915).-Kiln for drying lumber, about 40 meters northeast of the electric-light plant and 
100 meters northeast of the Atlantic Coast Line Railway station. The case mas mounted on a pier made of concrete 
blocks cemented together, with two bricks under each footplate cemented together and to the top of the pier. 

No. 159, Titurvilk, Fla. (1915).-Small office belonging to J. S. Daniels near the northwest comer of Palm and Julia 
Streets. The caw was modted on a pier made of concrete blocks cemented together, with two bricks under each 
botplate cemented together and to the top of the pier. 

No. 160. Leesbwg, Fla. (1915) . -4eo~  W..Wrenneck Building, a t  the comer of Main and Seventh Streets, in the 
southwest comer of the back room. The crtse was mounted with two bricks under each footplate cemented together 
and to the concrete floor. 

No. 161, Cedar Ky8, Fla. (1915).-House belonging to J. B. Lutterdah, a t  the northeast comer of Fifth and D 
Streets, in the northwest comer of the south basement room. The case was mounted on a brick pier with,two bricla 
under each footplate cemented together and to the top of the pier. 

No. 162, Macon, Ga. (1915).-Post office, near the window of the engineer's room in the basement. The case 
was mounted with two bricks under each footplate cemented together and to the condrete floor. . 

No. 163, Albany, Ga. (1915).--Grymm school at  the comer of Broad and Madison Streete, in the northwest m e r  
.'of the janitor's s t o m m  in the basement. The case was mounted with one brick under each footplate cemented to 
the concrete floor. 
, No. 164, Pensamla, Fla. (1915).--Customhouse and post office, in the northeast comer of the customhouse store- 
'mm in the basement. The case was mounted with two bricks under each footplate cemented together and to the 
concrete floor. 
' 

No. 165, Opelaka, Ala. (1915).-New brick store on Avenue A, owned by MIE. Josephine Denniston and rented by 
J. Lem Satterwhite, in the southeast end of the basement. The case was mounted with two bricks under each foot- 
plate cemented together and to the concrete floor. 

No. 166, Huntsville, Ala. (1915).-United .States courthouse and post office, in the easternmost room in.the bsae- 
ment. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 167, Arkansas City, -4rk. (1915).--Courthouse, in the west comer of the grand jury room. The case was mounted 
with two bricks under each footplate cemented together and to the concrete floor. 

No. 168, Memphis, Tenn. (1915).-C!uetomhouse and post office, in the northeast corner of the northeast room in 
the basement. The case was mounted with two bricks under each footplate cemented together and to the concrete 
floor. 

No. 169, Ma~nnwth Sp~ing, Ark. (1915).-Old Fulton County Bank Building, owned by the Citizens Bank of 
,Mammoth Spring, in a small mom used for ice storage in the southwest corner of the north basement room. The case 
was mounted with twc bricks under each footplate cemented together and to the concrete floor. 

No. 170, Hopkinsuille, Ky. (1915).-Custonhouse and post office, in the southeast comer of the northeast room of 
the basement. The case mas mounted with two bricks under each footplate cemented together and to the concrete 
floor. . 

No. 171, Danville, K?/. (1915).-Customhouse and post office, near the center of the north end of the room used as a 
coal bin in the northeast comer of the basement. The case was mounted with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 173, Cliftol~ Forge, Va. (1915).-Courthouse and post office, in the north end of the storeroom near the center 
of the west side of the basement. The case mas mounted with two bricks under each footplate cemented together and 
to the concrete floor. 

No. 173, Greenville, Ala. (1915).--Courthouse, in the west end of the coal bin in the boiler room in the basement. 
The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 174, Bin11.ing;hai,a, Ala. (1915).-United States customhouse and post office at the northeast comer of Second 
Avenue and Eighteenth Street, in the janitor's office in the basement. The case was mounted with two bricks under 
each footplate cemented together and to the concrete floor. 

No. 175, Lezingfon, Va. (1915).-Post office at  the comer of Lee Avenue and Nelson Street, in the southwest end 
of the storeroom near the center of the northeast side of the basement. The case mas mounted with two bricks under 
each footplate cemented together and to the concrete floor. 
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No. 176, Prestonsburg, Ky. (1915).-The Bank Josephine, on Main Street, a t  the foot of the bridge over the Big 
Sandy River, in the northwest corner of the southwest room in the basement. The case was mounted with two brich 
under each footplate cemented together and to the concrete floor. 

No. 177, !Z'ral~erse Oily, dl:idk. (1915).-ht office, in storeroom in the basenlent. The case mounted with two 
bricks under each footplate ce~nented together and to the concrete floor. 

No. 178, Seney, Yich. (1915).-Bank of the Boggott, Bacheller L Cool Banking Co., in the vault. The case waa 
mounted on the concrete floor. 

.No. 179, Ocm~to, Vts. (1915).-High school on School Street, in the mechanical drawing room in the south corner 
'of the basement. The case was mounted with two briclrs under each footplate cemented together and to the concrete 
floor. 

No. 180, Grand Rapids, Wis. (1915).-Bandelin Hotel on Grand Avenue, in the basement n e a  the middle of the 
'east aide. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 181, Wiitosta, diiit~t. (1915).-Pwt office, in the northeast corner room of the basement. The case mas mounted 
on the brick floor, with one paving brick under each footplate. 

No. 182, Bald.uk, Wis. il915).-Town Hall, in the rest room in the basement at the foot of the stairs leading from 
the main entrance of the building. The cade was mounted with two bricks under each footplate cemented together 
and to the concrete floor. 

No. 183, C~anberlnnd, 1,fis. (1915).-High-school building, in the boiler room in the basement. ~ h o  case was 
mounted with two bricks under each footplate cemented together and to the concrete floor. 

Fo. 184, Cantbriclge, Uinn. (1915).-High-school building, in the west part of the boiler room in the baselnent. 
'The case was nlounted with two bricks under each footplate cemented together and to the concrete floor. . . 

'. No. 185, Brainerd, Yinn. (1915).-Post office at northwest corner of Maple and Sixth Streets, in a room about 
midway of the west aide of the basement. The case was mounteg with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 1S6, Abdeen, S. Dak. (1915).-Post office and courthouse, in the north end of the small storeroon~ at the north 
end of the basement. The case was mounted with a slllall concrete block under each footplate cemented to the concret,e 
floor. 

Xo. 187, Faith, S. Dak. (1915).-FV. C. Neyer's residence, about 260 meters west-southwest.from the Chicago, 
.&filwaukee & St. Paul Railway Station, in the northwest room of the basement. The case. was mounted with a small 
concrete block under each footplate cemented to the concrete floor. 

No. 18S, Man~~.arth, N. Dak. (l915).-Allison Building, on the comer of &fain and First Streets, in the west end 
of a mall  storeroom in the basement directly beneath the post ofice. The case was mounted with a small concret,e 
block under each footplate cemented to the concrete floor. 

No. 189, Towner, N. Dak. (1915).-McHenry County courthouse, in the west end of the vault in the basement. 
The case was mounted with a small concrete block under each footplate cemented to the concrete.floor. 

No. 190, h b y ,  N. Dak. (1915).-Crosby gaded school, in the northwest room in the basement. The case was 
mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 191, Crookston, Minn. (1915).-Franklin School, in the east part of the basement. The case was mounted 
with two bricks under each footplate cemented together and to the concrete floor. 

No. 193, Poplar Ymzt. (1915).-Poplar public school in the northeast part of the town, in the east room in the 
basement. The case was mounted with a mall  concrete block under each footplate cemented to the concrete floor. 

No. 193, Mles City, Mont. (1915).-Lincoln School, on Lake Street, in the south part of the town, in the south end 
of the west storeroom in the baeement. The case was mounted with a small concrete block under each footplate 
cemented to the concrete floor. 

No. 194, Hu.ntley, Mont. (1915).-Huntley Hotel, north-northwest of the railway station, in the southeast corner 
of the basement room under the south part of the hotel. The case was mounted with a small concrete block under 
each footplate cemented to the concrete floor. 

No. 195, Lander, Wyo. (1915).-Post office and courthouse, in the south end of the storeroom in the south corner of 
the basement. The case was mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 196, Faribault, Minit. (1915).--Central School, in the southeast corner room of the basement. The case wns 
mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 197, Sf. James, M i m .  (1915).4ounty courthouse, in the basement midway of the north side of the building. 
The case was mounted with two bricks under each footplate cemented t0p.the.r and to the concrete floor. 

No. 198, Edgemont, S. Dak. (1915).-Public-schd building: in the southwest corner of the southeast room in the 
basement. The case was mounted with a small concrete block undex each footplate cemented to the concrete floor. 

No. 199, Dawsoa, Mum. (19151.-High-school building, in the dark room in the basement. The case waa mounted 
with two bricks under &h footplate cemented together and to the concrete. floor. 

No. 200, Cokato, Minn. (1915).-High school, in the basement under the central part of the east. side of the building. 
The case was mounted with two brich under each footplate cemented together and to the concrete floor. 

No. 801, Wits. S. Dak. (1915.)-Residence of James T m k  on the east side of the street one block west and two 
blocks north from the railway station, in the northwest corner of the cellar under the southeast comer of the house. 
The case was mounted with a smsll concrete block under cach footplate cemented to the concrete floor. 
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No. 203, Moorcroft, Wyo. !19l5~.-Public-schoo1 building, on the south side of the east room in the basement. 
The c w  was mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 303, Dzclulh, dii?ut. (1915).-County courthouse. in  a room known as the connecting hall i n  the basement under 
the center of the building. The case was mounted with two bricks under each footplate cemented together and to the 
concrete floor. 

No. 204, Osage, Iowa (1915).-High school, i n  the basemant near the middle of the ~011th side of the building and 
directly under the galvanized-iron air duct. The case waa mounted with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 205, Randolph, Nebr. (1915).-Public school. near the Burlington Railway station, in  the southwest corner of 
a temporary room constructed i n  the west end of the southernmost ventilating room in the basement under the east 
side of the building. The case waa mounted with a small concrete block under each footplate cemented to the concrete 
floor. 

No..206, Valentine, Nebr. (1915).-Public school, in  the southeast'corner of t&e southeast room in the basement. 
The case was mounted with s small concrete block under each footplate cemented to the concrete floor. 

No. 207, meeling, W. Vu. (1915).-German Bank Building, in the basement under the Western Union Telegraph 
office. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 305, Leon, Iowa (1915).-North School, i n  the south side of the northwest room on the ground floor. The 
case was mounted with a small concrete block under each footplate cemented to the concrete floor. 

No. 309, Laurel, Md. (1915).-Residence of Col. Frank E. Little on Main Street about 10 minutes walk from the 
Baltimore & Ohio Railway statio?, in  the east corner of the easternmost room i n  the basement. The case wna mounted 
with a small concrete block under each footplate cemented to the concrete floor. 

No. 310, Harriuburg, Pa. (1915).-Central High School, i n  the basement near the center of the north side of the 
building. The case wae mounted with two bricks under each footplate cemented together and to thc concrete floor. 

No. 211, Pittsbwg, Pa. (1915).-Second Ward School on Sherman Avenue just north of North Avenue in the 
north-side section of Pittsburgh, i n  the basement under the east front of the building. The case was mounted with 
two bricks under each footplate cemented together and to the concrete floor. 

No. 212, Rockville, Md. (1915).-High school, in  the north end of a small room formerly used as a printing shop in 
the basement under the north side of the building. The case was mounted with a small concrete block under each 
footplate cemented to the concrete floor. 

No. 213, Upper Marlboro, Md. (1915).-Masonic Hall on the south side of Main Street about 80 meters weat of the 
courthouse, i n  the west side of the southeast room i n  the basement. The case was mounted with a small concrete 
block under each footplate cemented to the concrete floor. 

No. 214, Fairfax, Vu. (1915j.-Bungalow belonging to the Rural Homes Development Co. about 300 meters west- 
northwest from the residence of E. A. Capen, i n  the southwest comer of the basement. The case was mounted with a 
small concrete block under each footplate cemented to the concrete floor. 

No. 215, Cnijeld, Nd. (1915).-RRsidence of J. H. Riggin, 101 South Somerset Avenue, i n  the rear part of the 
basement. The case was mounted with two bricks under each footplate cemented together and to the concrete floor. 

No. 216, FrcdcricX.slnir~, Vn. (19151.-Post office, storeroom in the byement under the north side of the building. 
The case wae mounted on the concrete floor. 

No. 217, Dover, Del. (1915).-Wilmington Conference Academy, in  the basement 'under the gymnasium at  the 
middle of the north side of the building. The case was mounted with two bricks under each footplate cemented 
together and to the concrete floor. 

No. 215, North Tamrack near Cahm.et, M i d .  (1902).-Observations were 111ade at  three different levels a t  North 
Tamarack Mine, a t  the surface of the ground, a t  a depth of 1900 feet, and a t  a depth of 4600 feet. The two stations 
below the ground were occupied by  Prof. I?. W. McNair, of the Michigan College of Mines. His results are not pub- 
li911ed here. A temporary pendulum room was probably used for the surface ol~servations. The case was mounted 
on a masonry pier. 

No. 219 Hugerstotc~z., Md. (1915).-Post office, in  the northeast corner of the boil'er room in the northweet corner of 
the basement. The caee was mounted with zsmall concrete block under each foot plate cementer1 to the concrete floor. 
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FIG. 15. ENLARGED SCALE FOR THE REGION SURROUNDING WASHINGTON. D. C., SHOWING LINES OF EQUAL ANOMALY FOR THE HAYFORD 1912 METHOD OF REDUCTION 
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