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REPORT ON THE CONNECTION OF THE ARCS OF PRIMARY 
TRIANGULATION ALONG THE NINETY-EIGHTH MERIDIAN 
IN THE UNITED STATES AND IN MEXICO AND ON TRI- 
ANGULATION IN SOUTHERN TEXAS. 

By  WILL^^^ BOWIE, Chief, Division of Geodesy, u. S. Coast and Geodetic Survey. 

INTRODUCTION. 

An event of great importance in the history of geodesy was oon- 
summated in the spring of 1916 when observations were made at  
stations on the northern and southern banks of the Rio Grande, 
which connected. the arcs of primary triangulation which had been 
esta%lished in the United States and in Mexico along the ninety- 
eighth meridian. The connection is interesting to  the geodesist be- 
cause i t  makes available a very long meridional aro of connected 
and completed triangul&ion. 

This conneotion will make available data from which to compute 
with greater accuracy than heretofore the dimensions of the earth. 
This will in itself make the work a notable contribution to science. 
But of even greater moment is the fact that the connection of the 

ation of the United States and Mexico will enable the latter 
country to extend to new areas from the ninety-eighth meridian arc 
geodetic control for surveys and maps in the form of triangulation 
which can be based on the North American datum. 

This datum had been called the United States standard datum 
previous to the year 1913, when it was also adopted by Mexico and 
by Canada for their geodetio coordinates. Its designation was 
changed to the NorthAmerican datumwhen it had thus assumed an 
international character. , 

On June 2,1913, Mr. Pedro C. Shchez, subdirector of the Comisi6n 
Geod6sica Mexicana, wrote as follows from Tacubaya, D. F., Mexico, 
to Dr. Otto Hilgard Tittmann, a t  that time Superintendent of the 
’United States Coast and Geodetic Survey: 
I haw the honor to inform you that the Mexican Geodetic Commission haa accepted 

aa the datum for the computation of geodetic positions of triangulation statione in 
all of the are& of Mexico, what is known by the Coast and Geodetic Survey aa the 
“United States standard datum.’! AB you have previously been advised, the com- 
putations which have been made in this office have been based on the Clarke spheroid 
of 1866. 

6 
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On June 13, 1913, the Superintendent of the United States Coast 
and Geodetic Survey replied to  M i .  Shnchez as follows: 
SefiorDoN PEDRO C. SANCHEZ, 

Subdirector de la Comisi6n Geod6sicu Mexicana, Tacubaya, D. p., iW&. 
DEAB SIR: I have the honor to  acknowledge receipt of your letter of June 2,1913, 

announcing the adoption by the Comisi6n Geodesics Mexicana of the Udted $tah 
etandard datum and the Clarke spheroid of 

na established in Mexico. 
A letter recently received from the office of 

is in  charge of the geodetic work of that country, announces that Canada will also 
use the m e  datum and spheroid that are used in the United states. 

I take pleasure in announcing that hereafter this datum will be called the North 
American datum on account of its international character. 

The adoption of the same datum for practically a11 of the continent of North America 
ia an event of great importance in the history of geodesy. 

Very respectfully yours, 
0. H. TITTMANN, Superintendent. 

An acknowledgment from Mi-. S&nchez, dated 

I have the honor t o  acknowledge receipt of your letter of June 
as follows: 

the United S t a h  standard datum wi l l  be called hereafter the North American datum 
on account of ita international character, since Canada, the United Statee, and Mexico 

it and the Clarke spheroid of 1866 aa 

conferenoe of the Internati 
urg, Germany, in 1912, Prof. 
co, and Mr. William Bow 

the United States, considered carefully 
triangulation and leveling systems of Me 

their opinion that the sections of the ninety-eighth meridian 
ary triangulation in the two countries should be joined at the 

Rio Grande. Recommendations were made to their respective geo- 
detic organizations, with the result that arrangemen 
early in 1913 to complete this 

The triangulation along the -eighth meridian in Mexico had 
been completed some time pre 
end of the Mexican am was located a t  the 
a few miles of. the Rio Grande, near the nj 

ted in 1907 betwe 
0 of the ninety-eighth meridian m 

with spurs running to 
Christi, on the Gulf of Mexico.’ 

It had been planned originally that the old tertiary triangulation 
which had been carried along the coast between Corpus Christi and 
Point Isabel would serve as link in the ninety-eighth ineridian 
triangulation and cohnect the primary work of the United States 

6, Report for 1806; Appendioes 4 and 6, Report for 1911. 



TRIANGULATION IN TEXAS. 7 
and Mexico. But as it is probable that in the future there will be 
continuous primary triangulation from Alaska through Canada, the 
United States, Mexico, and other countries to the southward, there 
should be no section of the ninety-eighth meridian triangulation of a 
lower order than primary. 

In  the spring of 1913, parties of the United States Coast and Geodetic 
Survey took the field and started working southward from Alice, 
Tex. The reconnaissance and building were carried on by one party 
and the observing by another. Details of this work are given later 
in this report. 

The reconnaissance was completed to Point Isabel where a con- 
nection was made with the coast triangulation. Several stations were 
established to the westward of Harlingen, Tex., in order that a direct 
connection could be made with the Colombres base line which was 
located to the southward of the Rio Grande and parallel to that river. 

The observing on the triangulation was carried to the stations 
opposite the Mexican base early in April, 1913. Arrangements’ 

en the officials of the Mexica,n Geodetic Commission and the 
ed States Coast and Geodetic Survey had been made for the 

necessary observing between the stations on the Mexican and United 
States sides of the river in order to complete the quadrilaterals joining 
the Mexican and the United States arcs. Just at the time when the 
observer of the United States was ready to cooperate with the Mexican 
representative, it was found that political conditions in Mexico made 
it desirable to postpone the observations necessary to join the arc9 

o countries. The observing party of the Coast and Geodetic 
upon completed the connection with the Gulf coast 
at Point Isabel, and the connection with the Mexican 

arc was deferred. 
In December, 1915, Mr. Pedro C. Shnchez, now the director 

graphical and Climatological Studies of Mexico, in a communi 
to the United States Coast and Geodetic Survey, suggested that 

the time was opportune to connect the arqb of the ninety-eighth 
meridian triangulation in Mexico and in the United States and that he 
was especially anxious that this should be done as soon a practicable, 
as he wished to base all the triangulation of Mexico on the ninety- 

th meridian arc, and to have the geodetic coordinates of the 
ation stations in that arc based on the North American datum. 

The Superintendent of the United States Coast and Geodetic 
the director of Geographical and Climatological 
that he would be glad to cooperate with him iq 

joining the two arm of theninety-eighth meridian. 1Mr. C. V. Hodgson, 
Coast and Geodetic Survey, and Mr. Silverio Alemb, of the 
of geodesy of Mexico (now under the Bureau of Geographical 

imatological Studies) proceeded to Brownsville, Tex., and made 
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arrangements to  observe between the stations on the Mexican and the 
United States sides of the Rio Grand?. Before the connection was 
made &. Hodgson was called away to his work in Idaho, on the 
Utah-Oregon arc of primary trianguhtion, and Mr. E. H. Pagenhart, 
of the Coast and Geodetic Survey, was directed to represent the 
United States in Mr. Hodgson's place. 

The observations were completed successfully early in May, 1916. 
After the completion of the field work, the computation and adjust- 
ment of the triangulation from Alice southward were made a t  this 
Office. In the adjustment there were used the bases measured 
at  Point Isabel, Tex., and Colombres, Mexico, and the Laplace 
azimuths at Point Isabel and Alice and at triangulation station 
Donna. The latter is one of the stations of the quadrilateral con- 
necting the two sections of the arc. Details in regard to the adjust- 
ment are given later in this report. As soon as the computations 
had been completed and the geographic positions of the ends of the 
base line in Mexico had been placed on the North American datum, 
the information needed by the section of geodesy of the Bureau of 
Geographical and Climatolgical Studies of Mexico was sent to that 

~~ 

office. 
GENERAL STATEMENT. 

This report gives the results of a primary triangulation which 
extends from the Alice base net, Texas, to Point Isabel, Tex., at  the 
mouth of the Rio Grande, with a spur line running westward and 
southward from Earlingen, Tex., to the Colombres base on the 
Mexican side of the Rio Grande. It also contains the descriptions 
and geographic positions, with other data, for the triangulation 
along the Gulf coast between Point Isabel and Corpus Christi, Tex. 

In Appendix 5 of the Report for 1911 are given the data for the 
primary triangulation in Texas a t  the lower end of the ninety-eighth 
meridian arc and for the tertiary triangulation established some 
years previously along the coast of Texas between Poink Isabel and 
Corpus Christi. After that report had been printed it was learned 
that very few of the monuments marking the old coast stations had 
escaped destruction by the erosion of the shores of the Laguna Madre 
and of the Gulf of Mexico and that it was therefore desirable to have 
a new triangulation made between Corpus Christi and Point Isabel 
for use in chart revision operations and for other surveying and 
engineering work. 

As a result of the extension of the primary triangulation from 
the Alice base net to Point Isabe1,at the mouth of the Rio Grande, 
it became necessary to readjust the coast triangulation to make the 
coordinates of the latter agree with those of the primary triangula- 
tion. In  consequence of this, it will be found that the positions 
given for the old coast triangulation stations in Appendix 5 of the 
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Report for 191 1 do not agree with the positions as given in this report. 
Any one using the triangulation along the coast between the two 
.points mentioned above should accept the positions as given herein, 
rather than as given in the Appendix referred to above. 

I n  this report are given sufficient details of the triangulation to 
enable geodesists to follow the adjustment made between base lines 
and Laplace azimuth stations. There is also given a brief descrip- 
tion of the field operations conducted by the surveying parties. 

The engineer or surveyor who simply wishes to fmd the descrip- 
tions and geographic positions of the various triangulation stations 
should consult the sketches at  the end of this volume, which will 
enable him to find the names of the triangulationsstations located 
within any area in which he is interested. From the index he will 
be able to learn the numbers of the pages on which the descriptions 
and positions of the stations may be found. 

Engineers and others using the data given in this report for the 
control of maps and surveys will find it of help to have the Special 
Publicatiqns Nos. 5 and 8 of the Coast and Geodetic Survey. They 
may be obtained at  a nominal cost from the Superintendent of Docu- 
ments, Washington, D. C. 

Special Publication No. 5 is entitled “Tables for a Polyconic 
Projection of Maps Based on Clarke’s Reference Spheroid of 1866.” 
These tables give the necessary explanation of the method employed 
in constructing a polyconic projection, and they also give the values 
in meters of the degrees, minutes, and seconds of latitude and longi- 
tude for all latitudes. 

Special Publication No. 8 is entitled “Formula and Tables for the 
Computation of Geodetic Positions.” As the title of this publica- 
tion implies, the data contained in it will enable one to compute the 
spherical coordinates for triangulation where the distances and angles 
are known. 

RECONNAISSANCE. 

On January 19, 1913, Signalman Jasper s. Bilby arrived at  Alice, 
Tex., and began the organization and equipment of a party for the 
purpose of extending a reconnaissance from that place to Point Isabel 
and to a point north of the Rio Grande opposite the Colombres base, 
which is approximately on the ninety-eighth meridian, with its ends 
only about 2 miles south of the river. 

The reconnaissance was done under instructions which speoify the 
strength of the triangulation in so far as the number of bases and the 
character of the figures are concerned. The triangulation was de- 
signed to  contain quadrilaterals with the two diagonals observed and 

tral point figures. In  no case was it permitted for the scheme to 
consist of only a single triangle nor for the quadrilaterals to overlap 
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each other, except in a base net. The strength of the quadrilaterals 
had to conform to the requirements of the general instructions for 
reconnaissance for primary triangulation which have been published 
frequently in reports of the Coast and Geodetic Survey, notably in 
Special Publication No. 19. It is not thought necessary to repeat 
those instructions here, for they may be referred to in the publication 
mentioned. 

The chief of the party engaged on the reconnaissance was directed to  
use that length of line which would make the total cost of the triangu- 
lation a minimum. While the observing on triangulation increases 
in cost with the increase in the number of stations for any particular 
length of an arc, at the same time the building of high signals, in- 
cident to longer lines and fewer stations, will frequently more than 
offset the saving to the observing party by the decrease in the number 
of stations. 

The reconnaissance was planned to have lines of such length that 
signals of only moderate height would be required. It was found 
that, in general, signals of about 45 feet as the average height of the 
tripod and scaffold, With superstrUctures on some of thb scaffolds, 
elevated the lines sufficiently to  overcome the curvature of the earth 
and to lift the line above tbe trees, which were on the average about 
30 feet, in height, for lines averaghg about 12 m&s (19 Womehm) in 
length. 

The aotual field 'work of the reaonnaissance was begun on January 
20, 1913, and was completed to  the Rio Grande, opposite the Col- 
ombres base, and to Point Isabel, on March 16, 1913. Owing to the 
scarcity of teams in the country over which the work was carried, it 
was necessary for the team used on reconnaissance to haul most of 
the lumbor used by the building party. "his method of getting,the 
lumber to the stations delayed the reconnaissanoe but it reduced 
the wst of the oombined reoonnajssance and building. 

The reconnaissance started from the line connecting triangulation 
stations Wood and Alice west base which had been established some 
years previously. Nice east base, another old station, was used as a 
check to insure the exact reoovery of the marks of the other two 
stations. From these stations the scheme of triangulation was 
carried a little to the eastward to the St. Louis, Brownsville & Mexico 
Railway, in order that the railruad could be used as a means of trans- 
portation by the reconnaissance, building, and observing parties. It 
has been found that primary triangulation can be made at a much 
smaller cost when a railroad runs through the scheme than over 
'country where there is no railroad. Besides, when the primary 
triangulation stations are established near a rhilroad they are more 
readily ahilable when they are needed in making extensions of the 
.triangulation net of the country. 
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The are was extended southward to Harlingen, from which phoe 
it was carried southeastward to Point Isabel, Tex., at the mouth.of 
the Rio Grande. At that place a connection was made with three 
of the primary triangulation stations which had been established 
in 1906. A connection in length, position, and azimuth was made 
with the line joining the two existing stations Arista and Point Isabel 
west base. The station Point Isabel east base was used as the check 

A quadrilateral was provided to the west of Harlingen by means 
of whch a direct connection could be made with the ends of the 
Colombres base, which is located on the Mexican Fide of the river. 
Connections were also provided with four reference monuments of 
the topographic survey of the Rio Grande which had previously 
been made by the United States and Mexico International Boundary 
Commission, 

The building operations were under the general direction of Signal- 
man J. s. Bilby. The actual building was done by Mr. William C. 
Nohl, while the reconnaissance was being made by Mr. Bilby. On 
March 18, 1913, Mr. Bilby took direct charge of the building party 
and continued its operations until all of the signals had been erected. 
The last building was done on May 17, 1913. 

In .all, there were erected 34 scaffold signals, two poles, and one 
longitude observatory. The average height of the tripod and scaf- 
fold signals was 43 feet from the ground to the top of the tripod. On 
24 of the signals superstructures were built, each of which was 24 feet 
in height. All of the stations were marked in a permanent manner 
by the buildlng party, the marks being of concrete into which were 
set the standard metal disk station marks. 

There are given below statements of the cost of the reconnaissance 
and the building. These indicate very efficient management of the 
work. 

Cost of reconnaissance. 
Number of monthe ......................................................... 1.9 
Total progreaa. ......................................... .(282 kms.) miles.. 175 
Total cost. ....................................................... .dollars. . 480.00 
Cost per mile of progress. ....................................... .dollars.. 2.89 
Number of primary stations selected.. ..................................... 30 

tion selected. ...................................... .dollars. . 16.00 

point. 

Cost of building. 
lesignals. ............................................... 34 

Total height to  tripod heads. ...................................... .feet.. 

Total height of superstructures. .................................... .feet.. 
'fatal cost of building.. .......................................... .dollars.. 
Clost per vertical foot of double structure to tripod head.. ......... .dollars. . 

1463 

676 
6600 
3.36 
1.26 

Number of superstructures. .............................................. 24 

@st per vertical foot of superstructure. ......................... .dollars.. 
I 
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The cost of the material for the monuments and the cost of setting 
them at the triangulation stations is included in the above amount for 
building. The cost of the travel to and from the field is also included 
in the above amounts. In fact, all expenditures incident to the work 
o(f the reconnaissance and building are taken mto account. 

TRIANGULATION SIGNALS. 

The type of signal used on the triangulation in  southern Texas waa 
the same as bas been used during a number of years by the Coast and 
Geodetic Survey trbmgdation parties, except that at many of the 
stations superstructures were erected on the scaffolds to make it 
possible to use tripods of only moderate height. It was concluded, 
after ,preliminary investigations had been made by Mr. Bilby, that 
it would make the unit cost of the work less to modify the usual type 
of signal by the frequent use of the Puperstructure. The results of the 
season's work coniirmed his judgment in the matter. 

Except for the superstructure and the absence of what was called 
the top platform in the older type of signal, the description of the 
signal given in Appendix 4 of the Report for 1903 of the Coast and 
Geodetic Survey, applies to the signal used in Texas. There was no 
need for a second platform, such as is shown on the signals described 
in that report. This was used in the past only when there were two 
observers ,working simultaneously along an arc. 

In the report for 1903, mentioned above, there is shown a triangu- 
lation signal with a superstructure extending to a total height of 137 
feet above the ground. That superstructure was somewhat different 
from the one used in the southern Texas work. The old super- 
structure was used to clear obstructed lines after the tripod and 
scaffold had been built, while the new type of superstructure is an 
integral part of the scaffold 'and as such is planned for by tlie recon- 
naissance party. The method of erecting the signal is shown in 
figs. 1 to 9. 

The signal lamps and heliotropes used by the observing party 
were posted by the light keepers on the top of the tripod or on the 
superstructure, if there were one. 

OB SERVING. 

The observing party worked under the general instructions for 
primary triangulation which have been in use in the Coast and Geo- 
detic Survey for a number of years. They were adopted by the 
Superintendent of the Survey on January 10, 1905, and have been 
changed only slightly since then. These instructions are designed to 
make the triangulation of s a c i e n t  accuracy for all purposes to 
which the results of the work can be applied. They are also designed 
to make the cost of work of the required accuracy a minimum. 
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Fig. 1.-ERECTING DERRICK. 

Fig.2.--ERECTING ONE SIDE OF TRIPOD, WHICH H A S  BEEN COMPLETELY 
FRAMED ON THE GROUND. 
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Fig. 3.-FIRST SIDE OF TRIPOD ERECTED TO I T S  
PROPER PLACE. 

Fig.4.-THIRD LEG OF TRIPOD BEING I- IOISTED 
INTO PLACE. 
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Fig. 5.-THE C O M P L E T E D  TRIPOD. 

The ties and braces for thc sccond and third sides of the tripod are duplicates of tho similar 
members of tho  first side which wiis Irlirned 011 the ground. In this illustrafioii a side of 
the scaffold is bring turned ovcr prcparslory to being hoistcd inlo placo. 

Flg.G.-ONE SIDE OF SCAI-FOLD BEING IHOISTED INTO 
PLACE. T H E  TRIPOD I S  U S E D  A S  THE D E R R I C K  
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Fig.7.-ONE S I  J F  SCAFFOLD I N  PLACE A N D  
T H E  C SIDE BEING HOISTED. 

Fig. 8.-TWO OPPOSITE SIDES OF SCAFFOLD I:J 
PLACE AND T H E  T H I R D  AND FOURTH SIDES 
BEING CONSTRUCTED. 

The ties and braces of those sides are duplicates of the ties 
and braces of the Erst two sides and are cut on the 
ground. 
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Fig. 9.--THE C O M P L E T E D  DOUBLE TOWER. 

Tho observing tent is shown which protects tho instrumont from tho 
wind and tho direct rays of tlic sun. A signal Iinn > and IL light 
keepcr aroshown a1 tho top 01 tho outorslrucluro cnllra lllcscaflold. 
I’ho,centcr 01 tho tripod and of the s l m d  at tho top of tho scnll’old 
iwc In tlic mmc vcrcical line with thc ccntor 01 tho tablot in tho 
concreto marker or rnormrriont in tho grourld. 



Days on W h k h  Ob- N ~ -  
senrations 

NO. atation. primary h d f  "0": No. Stetion. 
zontal direo- 
tiOnsWCXBlll8de. days* 

- ,  -- 
1 Wood ............. Feb 25 26 ........ 2 19 Brenner ........... 
3 King .............. Mal' 1 3 ........... 2 21 Bebasti 8Il ......... 
1 Bishop ............ Mar:4:5 ........... 2 23 Hidalgo ........... 
5 Klebrgeec ........ Mar 9 10 .......... 2 23 Donna ............ 
8 Robbins .......... Mar. 17 ............ 1 26 Mercedea .......... 
10 Rour .............. Mar. 21 ............ 1 28 WtIa .............. 
11 Turcotte .......... Mar 26 27 ......... 2 29 Bfmito ............ 
18 Armstrong ........ Mar. 28,30,31.._... 3 31 01& ............ 
a4 Katherine ......... Apr. 1 ............. 1 32 Rf!S8Ca ............ 
15 Vinson ............ Apr. 2,3 ........... 2 33 Point Isabel west 
16 Noms ............ Apr. 4 ............. 1 base. 
17 YtUd8 ........... Apr.7 ............. 1 84 Arista ............. 
18 Stillman .......... Apr. 9 ............. 1 

2 Allcewestbsse .... Feb:2$. ........... 1 20 Raymond ......... 

6 Ricardo ........... Mar' 18 13 ......... 2 24 Rio ............... 
7 Riviera.. ......... Mar: 14: ........... 1 25 &ria. ............ 
9 88ritS ............. Mar. 18,19,ZO ...... 8 27 -1 &0Il....... .. 

12 Kenedy ........... Mar:%: ........... 1 30 COW 11.. ......... 

Daysonwhioh ob- N ~ ~ .  
senrations of 
primary hori- 2 
eontal direc- 
tiomweremade. days. 

Apr. 11 ............. 1 
Apr. 15,M ......... 2 
Apr. 17 ............ 1 
Apr. 21 ............ 1 

Apr. 26 ............ 1 

A r. 30 ............ 1 

b y  12 ............ 1 
May18 ............ 1 
May14 ............ 1 

mdeY16 ............ 1 

- 
Apr. 14 ............ 1 

Apr. 23 ............ 1 
Apr. 24,s ......... 2 

Apr. 28,B ......... 2 

$By 6 ............. 1 
May? ............. 1 
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light keepers, for showing the lights from the stations on which obser- 
vations were made. 

Since the distances between the stations were comparatively short, 
it was arranged to have the light keepers retain their relative posi- 
tions throughout the work; that is, two light keepers were kept ahead 
of the observer, two behind him, and one a t  the station opposite him. 
Whenever the observer moved east or west between two stations of 
that part of the scheme which extended north and south, it was 
necessary for only one light keeper to change to a new station. 
When, however, the observing party moved southward to a new sta- 
tion, then each one of the five light keepers moved ahead to a new 
station. The light keepers in some cases were able to move forward 
by the railroad, and at other times they moved by teams hired espe- 
cially for the trip. 

The personal equipment of the various members of the observing 
party was held to a minimum and the general property and instru- 
ments were only such as would barely meet the needs of the party. 
The,instruments were moved from station to station in a light spring 
wagon, drawn by two horses, and the camp equipment and horse 
feed and sometimes water were hauled from station to station in a 
light freight wagon, also drawn by two horses. 

In general, the roads were in fair condition, but along approxi- 
mately 50 miles of the scheme deep sand was encountered, which 
made it necessary for the teams to go as light as possible, and even 
then not more than 20 miles could be traveled in a single day. 

The light keepers, whenever necessary, secured teams from the 
neighboring ranches for moving from station to.station, except when 
the work was being done in the region of the heavy sand mentioned 
above. While working through that sandy stretch a team was pro- 
vided for the two light keepers who were working ahead of the 
observer and a second team for the two light keepers who were working 
to the rear of the observer. While operating over the sandy area the 
light keeper whose station was always directly opposite that of the 
observer, was moved by one of the teams of the observing party. 
At  practically all stations the members of the observing party and 
the light keepers prepared their own meals. 

The observing party reached its first station on February 24, and 
the last observations on the triangulation were made on May 16. 
The weather was, in general, very favorable to the work, as during 
the season only 11 days were lost on account of bad weather. 

As was mentioned in the early part of this report, one of the 
objects of undertaking the triangulation to the south of Alice, Tex., 
was to furnish a connection between the two sections of the arc of 
primary triangulation along the ninety-eighth meridian, one in Mex- 
ico, and the other in the United States. Owing to the political con- 
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ditions which existed in Mexico in the early half of 1913, it was found 
to be impracticable at  the time the observing party was in the field 
to make the observations necessary to connect the stations on the 
two sides of the river. 

When the triangulation had been completed, except for the actual 
connection across the river, the chief of party, Mi-. Hodgson, and 
Mr. G. D. Cowie, assistant, determined astronomically the difference 
in longitude between the old astronomic station a t  Austin, Tex., and 
the triangulation station previously established at Donna, Tex. 
The object of making this determination was to furnish a Laplace 
station a t  the latter place which would provide for a true geodetic 
azimuth that would be.free from the effect of the local deflection of 
the vertical. Actual observations on this astronomic work were 
completed on June 1, 1913, shortly after which the party disbanded. 

During the interval between the first and the last observations on 
the triangulation 34 primary stations were completed and four pri- 
mary astronomic azimuths were observed. The total interval be- 
tween the first and the last observations was 2.8 months; therefore 
the average number of stations completed per month was 12.1. 
During the month of April, 15 primary stations were occupied. So 
far as the author is aware these records for rapidity of operations of 
primary triangulation had previously never been equaled in this or 
in any other country. This rapidity of operations was accompanied 
by great accuracy, as is indicated by an unusually small average 
closing error for the triangles. The closing error is the difference 
between the sum of the observed angles of a triangle, less the spherical 
excess of the triangle, and 180’. The average closmg error for the 68 
triangles was 0”.63, and the maximum closing error was 1”.86. 

During the whole season it was not necessary to reoccupy a single 
station on account of large closing errors. One station was reoccu- 
pied, but that was in order to obtain additional observations at that 
point on several reference monuments established during the topo- 
graphical survey along the Rio Grande by the International Boundary 
Commission, United States and Mexico. 

ECONOXY AND EFFICIENCY. 
7 .  

As is well known the object of the primary triangulation of the 
United States, done by the Coast and Geodetic Survey, is, first, the 
control of maps and surveys and engineering works of all descrip- 
tions where accurate positions, directions, and distances are needed; 
and second, the determination of the figure of the earth and data for 
investigations in the subject of is‘ostasy or the distribution of densities 
in the outer portions of the earth. It has been decided that, in order 
to fulfill all the functions to which a primary triangulation may be 
put, an average c l ~ ~ i n g  evor of the triangles of one second is all that 
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is to be desired, provided it is impossible to secure greater accuracy 
without an increase of time and money. It is of course advisable, if 
it is possible to do so, to secure the smallest possible error in the 
triangulation, but it does not seem to be desirable to add to the 
time and money spent on primary triangulation to secure an ac- 
curacy greater than that represented by a closing error .of one 
second. 

As the funds available are limited, the officials of the Coast and 
Geodetic Survey are forced to make a decision as to whether a rea- 
sonable limit of accuracy should be established and that no time and 
money should be spent to obtain a greater accuracy than that or to 
strive for extremely small closing errors and the greatest possible 
accuracy by spending as much time and money as might be neces- 
sary to secure them. 

Much greater quantities of work can be done for the same expend- 
iture of money if the triangulation of moderate accuracy is accepted. 
It was decided that, owing to the limited funds, the great demand 
for geodetic control, and the enormous areas now lacking such con- 
trol, every effort should be made to extend the network of primary 
triangulation as rapidly as possible. The author does not wish to 
convey the idea that the limit of accuracy adopted is a low one. As 
a matter of fact, any triangulation that has an average closing error 
for the triangles of about 1 second is a very high grade of work, 
and according to all geodetic authorities the results are such as to 
satisfy the most exacting demands of the geodesist, engineer, and 
geographer. 

The average closing error of a triangle on this southern Texas tri- 
angulation indicates that the accuracy of this work is greater than 
that of most of the triangulation already done in the United States. 
This is worthy of comment, for the observations were completed at 
most of the stations on a single day each. It no doubt would have 
increased the accuracy of the triangulation somewhat if more than 
one day had always been used to make the observations, but this 
would have added to the expense of the work and would not have 
been justified. 

The past experience in the Coast and Geodetic Survey shows con- 
clusively that the lamp is the most economical instrument for fur- 
nishing an object on which to make observations. 

In the report of the chief of the triangulation party he states that 
an important element which entered into the rather remarkable 
progress 9f the observing party was the excellent reconnaissance or 
selection of stations by the chief of the reconnaissance party. He 
had located the stations to the best advantage as regards water 
supply for the party and in regard to roads on which to travel between 
stations, He  also furnished the observing party with very complete 
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sta- 

”p”i”e”a 
per 

month. 

12.1 

6.0 
6.6 

8.6 

notes which showed the best route by which each station might be 
approached. 

STATEMENT OF COSTS. 

There is given below a statement which shows the cost of the tri- 
There are also given the costs of angulation in southern Texas. 

some triangulation previously done in the United States. 

Total 
fleldex 
penses. 

-- 
$9900 

28850 
38384 

78187 

tion occu- I ‘ I pied. 

Southern Texas 1913. 
One hundred ’and 

fourth meridian.. 

Ninety-eighth me- 

tion after 1901.. . . 

Te~aS-C81ifOrnia - -. . 
ridian trim@+ 

2.8 34 

13.7 , 82 
16.7 94 

SO. 6 266 

352 
408 

293 

----- 
$291 I 72 I $138 1 176 I S57 

167 173 720 40 
,262 147 1207 32 

849 109 1329 63 

- - 
Pma in 
main 
nhemc 
in 

square 
miles. 

1300 

17000 
49 220 

21 656 
- 

- - 
cost 
per 

square 
mile. 

57.62 

.78 

6.10 

1.70 

- 
The cost of triangulation will vary with the topography to such an 

extent that comparisons of the cost of two arcs reveal very little of 
the relative efficiency of the two pieces of work, unless allowance is 
made for certain favorable or unfavorable factors in each. The 
reason why the southern Texas work cost more than either the 
Texas-California or the one hundred and fourth meridian arc is that 
on those there was comparatively little signal building necessary. 
Heavy signal building adds materially to the cost of primary trian- 
gulation. The short season of the southern Texas work had the 
tendency to somewhat increase the unit costs, aa there are certain 
fixed charges in any season’s work and necessarily the shorter the 
season the more the unit costs will be affected. The cost per station 
occupied for the southern Texas work is less than for any of the other 
three arcs considered in the above hable, while the cost per mile of 
progress on the southern Texas arc is only less than that on the ninety- 
eighth meridian. The ninety-eighth meridian work between 1902 
and 1907 is comparable, so far as topography and many other con- 
ditions are-concerned, with the southern Texas work. That the 
southern Texas work was done with very great efficiency is evident 
when it is realized that the cost for lumber and supplies and the 
wages paid hands were from 25 to 40 per cent greater on this work 
than on the ninety-eighth meridian triangulation. 

OBSERVATIONS MADE IN 1018 TO CONNECT TRIANGULATION OF 
THE UNITED STATES AND IEEXICO. 

After the preliminary plans had been perfected by the officials 
of the United States Coast and Geodetic Survey and the section 
of geodesy of the Bureau of Geographical and Climatological Studies 

67661°-19-2 
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of Mexico, E. C. V. 'Hodgson, assistant, proceeded to southern 
Texas and had conferences with E. Silverio Alemiin, chief of the 
section of geodesy of Mexico, and they arranged to have signals 
erected at  the two stations Donna and Rio on the United States 
side, and at  Colombres and Tenacitas, the two stations at  the ends 
of the Colombres base line, on the Mexican side of the Rio Grande. 
. It was decided that Mr. Hodgson would make the observations 
at the two stations in the United States and that Mr. Alem6n would 
make the observations at the two stations in Mexico and that each 
would have signa3 lamps posted and lights shown to the other. 

Owing to  the obstructions on several of the lines in the quadri- 
lateral formed by the four stations which were to be occupied and 
the necessity for extending the height of the signals, it was not possible 
for the observations on the United States side to  be completed by Mr. 
Hodgson before it became necessary for him to proceed to Utah and 
start observations on the Utah-Oregon arc of primary triangulation. 
In order that there might be no danger of a postponement of the 
work, Assistant E. H. Pagenhart was sent to Texas to relieve Mi.  
Hodgson. 

Ivir. Pagenhart completed the observations on the American 
side of the river on May 3, 1916, and on May 6 he was notified by 
Mr. Alemiin that the observations at the Mexican stations had been 
completed. On May 8 Messrs. Pagenhart and Alemiin had a con- 
ference at  Brownsville, Tex., a t  which they combined their observa- 
tions and fpund that they were in every way satisfactory. 

STATEMENT OF ADJUSTMENTS. 

No local adjustments were made, these having become unnecessary 
since the adoption of the present method of supplying missing 
observations in a broken series. 

The primary triangulation considered in this publication starts 
from the line joining triangulation stations Alice west base and Wood 
of the Alice base net. The length and azimuths of this line and the 
geographic coordinates of the stations at  its ends were fixed by the 
adjustment of the triangulation which extends from the Seguin base 
net to Corpus Christi, Tex.' 

The length discrepancy developed in the triangulation between 
the Alice base net and the line joining the stations Point Isabel 
west base and Arista of the Point Isabel base net was 97 in the 
seventh decimal place of logarithms or one part in 44800. The 
length of the line was longer, as carried from the Alice base than as 
carried from the Point Isabel base. 

' 

I 

1 See ~ppendix 6 of the Report of the Coast and Geodeti0 Survey for 1911. 
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The length discrepancy developed between the Alice base net 
and thp Colombres base line was 149 in the seventh decimal place 
of logarithms or one part in 29 100. The measured length of the 
Colombres base is shorter than the length computed through the 
triangulation from the Alice base net. 

The length discrepancy between the Point Isabel base net and the 
Colombres base net is 52 in the seventh decimal place of logarithms, 
or one part in 83 500. The Colombres base, as measured, is shorter 
than as computed through the triangulation from the Point Isabel 
base net. 

A single adjustment was made for all of the triangulation joining 
the Alice and Point Isabel base nets and the Colombres base line. 
The geographic positions already adopted for the line joining 
stations Wood and Alice west base of the Alice base net were held 
fixed. There were also held the previously adopted length of the 
line joining stations Arista and Point Isabel west base of the Point 
Isabel base net’ and the measured length of the Colombres base line, 
as furnished by the Mexican Geodetic Commission. 

There were also held in the adjustment the Laplace azimuth at 
Donna and the previously adopted azimuth of the line joining sta- 
tions Arista and Point Isabel west base of the Point Isabel base net. 
This line is separated by only one line from Fronton station, a t  
which there is a Laplace azimuth. There were 70 conditional or obser- 
vation equations relating to the primary triangulation from Alice 
southward and two azimuth equations. The total number of normal 
equations solved was 72. 

The azimuth dlscrepancy between the Alice base net and the 
Point Isabel base net was +0”.82, while between the Alice base net 
and Donna Laplace station it was +2”.66 and between Point Isabel 
base net and Donna Laplace station it was +1”.84. These dis- 
crepancies are of the size to be expected in tho triangulation. The 
probable error in the determination of the astronomic longitude of 
Point Isabel or Donna is fO8.O2 or f0”.30. The probable error 
of the observed astronomic azimuth is f0”.30, while the prob- 
able error of the Laplace azimuth is f0”.45. The actual error 
may be as great as 1”.5. The uncertainty of one Laplace 
asimTJth as carried to another Laplace station is the combina- 
tion of the probable error of the observed Laplace azimuth and the 
probable error of the azimuth as carried through the triangulation. 
The probable error of the geodetic azimuth carried from Alice base 
net to Point Isabel base net is f0”.81, while from Point Isabel 
base net to Donna it is f0”.51, and from Alice base net to Donna 

1 8ee Appendis 6 of the Report of the Cmst and Geodetic Survey for 1911. 
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it is f0".71. When these are combined with the probable error of 
the Laplace azimuth before carrying it through the triangulation we 
have the following results: 

Probable error Alice to Point Isabel. - - . . . . . . . -. . . . . . 
Probable error Alice to Donna ____-. ~. . . . . . .. . . . - 
Probable error Point Isabel to Donna.. -. . . . . . ~ 

fW.93 
-. ~ fCJ".84 

-. ~. fO'j.68 

If, now, the probable error of the Laplace azimuths at the stations 
to  which the other azimuths have been carried are considered, the 
values above become, respectively, f 1".03, f of/.%, f 0".82. 
These are of the same order of magnitude as the actual discrepancies 
found. The actual discrepancy is in no case as large as three times 
the probable error. 

ABSTRACT O F  HORIZONTAL DIRECTIONS AND ELEVATIONS OB 
TELESCOPE ABOVE TEE BTATION MARKS. 

All observed directions in the triangulation along the ninety- 
eighth meridian in the United States and Mexico have been given 
equal or unit weight. Those directions were reduced to center 
where either the instrument or the object observed was not coinci- 
dent with the center of the station mark. 

The horizontal directions were all reduced to sea level. The 
correction for this reduction expressed in seconds is given by 

- 
e2h sin 2a cos2 4 

2 p  sin 1" 
where e2 = 7 , a = the earth's equatorial radius and b =the 
polar semidiameter, h = height of station observed, p = radius of 
curvature of the earth in a plane normal to the meridian, +=the 
latitude, and a =the azimuth reckoned from the south to  the west- 
ward. 

In the following table are given the lists of observed and adjusted 
directions and also the elevations of the telescope of the theodolite 
above the station mark at  each of the stations of the primary tri- 
angulation considered in this publication. The elevations enable 
the reader to judge of the amount of building done and they permit 
the engineer or surveyor who uses the stations in the future to form 
an estimate of the probable amount of building required by him to 
make any particular line clear. In the table is included a column 
showing the numb0r assigned to  each direction in the figure adjust- 
ment. 

Following the table of horizontal directions and elevations of 
telescope above the station marks there is given a list of condition 
equations used in the adjustment of the primary triangulation con- 
sidered in this publication. 

-_  
(a2 -bZ) 
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Abstract of horizontal directions and elevations of telescope above the station marks . 

Roza ........................ 

0 00 00.a 
170 48 08.81 
211 12 32.2 
273 25 19.4 
320 07 43.3: 

3 
................... 1 ;  ......... 

Wood. 16.65 meters 

4 ......... Alice west base, 15.91 meters ......... 

station occupied and elevation of 
instrument above station mark . dir$ion. 

5 
6 

7 
8 
9 

10 
11 

12 
13 
14 
15 
18 

22 
23 
24 
25 
26 

17 
18 
19 
20 
21 

27 
28 
29 
30 
31 

34 
36 
36 
32 
33 
37 
38 
39 
4c 
41 

4e 
41 
4 
44 
4€ 

4i  
41 
4( 
M 
51 

5( 
5: 
t2 
64 
61 

6: 
M 
61 
a 
6: 

King. 8.57 meters ..................... 

................. Bishop. 18.88 meters 

............ meberg em., 10.83 meters 

................. Ricardo, 16.82 meters 

................. Riviera, 10.91 meters 

................. Robbh,  8.44 metera 

.................... Rae,  10.67 meters 

.................. Barfts, 10.67 meters 

................ %lW%, 10.86 meters 

................. Kmedy, 10.40 metma 

.............. gbtharine, 10.71 metem 

Object observed . 

I 
I 
I 
I 
1 
1 
1 
1 
I 
I 

4lice west base ............ 
Bishop ..................... 
King ....................... 
hlico east base ............. 
wood ...................... 
Alice east base ............. 
Bishop ..................... 
King ....................... 

Wood ...................... 
Bishop ..................... 
Kleberg ecc ................ 
Ricardo ..... ;. ............. 
Kleberg e@ ................ 
Ricardo .................... 
King ....................... 
Alice west base ............. 
Wood ...................... 
Robbins ................... 
Riviera .................... 
Ricardo .................... 
King ....................... 
Bishop ..................... 
King ...................... 
Bfshop .................... 
Kleberg ecc ............... 
Robbins .................. 
Riviera ................... 

Alice west vase ............ 

Ricardo ................... 
Kleberg e a  ................ 
Robbins .................. 
sarita ......... ..I.. ........ 
Roza ...................... 
Rivim ................... 
Ricardo ................... 
Kleberg e@ ................ 
Sarita ..................... 
Roes ...................... 
Riviera ................... 
Robbins .................. 
sarita ..h.. ............... 
Kenedy ................... 
Turcotta .................. 
Robbins .................. 
Kenedy ................... 
Twcotte .................. 
Roza ...................... 
Riviera., ................. 
Roza ...................... 
Sarita ..................... 
Kenedy ................... 
Armstrong ................ 
Katherine ................. 
Bari ts  ..................... 
Armstrong ................ 
Katherine ................. 
Turcotte .................. 

Turcotte .................... 0 00 00.01 
Kenedy ..................... 35 13 14.3 
Armstrong .................. 86 03 31.5 
Nd8s  ....................... 147 16 66.1 
Virum ...................... I 181 44 13.4 

Observed 
direction 

reduced to  
sea level . 
. . . .  
0 on 00.00 

266 33 i6.43 
310 22 17.04 
333 44 40.05 

0 00 00.00 
39 53 52.76 
58 37 18.23 
83 14 1 .34  

0 00 00.00 
47 07 55.39 

129 52 55.52 
187 24 35.29 
226 51 03.94 

0 00 00.00 
30 37 58.71 
71 44 49.M) 
95 14 60.08 

125 10 60.18 

0 00 00.00 
62 36 46;92 

118 33 44.49 
171 49 45.51 
222 33 17.13 

0 00 00.00 
41 55 02.38 
87 17 31.56 

118 03 49.62 
155 33 32.88 

n on 00.m 
55 ii oi.6e 

108 09 65.44 
159 56 19.8C 
194 41 56.98 

0 00 OO.M 
33 20 21.92 
64 00 20.1E 

273 16 39.55 
314 47 69.31 

0 00 OO.M 
49 15 67.94 

108 14 00.U 
157 59 44.3( 
186 17 44.5f 

0 00 00.a 
190 07 21.W. 
223 60 28.11 
280 28 21.5~ 
317 29 46.4( 

0 00 00.a 
46 17 23.7: 

104 69 36.8( 
150 11 31.6: 
187 33 36.01 

. . 
Final 
icon& 
biter 

nent . &%- 
. 

I f  . 
59.80 
16.91 
18.78 

00.51 

18.05 
23.01 

00.41 
55.41 
55.35 
35.48 
03.49 

00.07 
58.88 
49.13 
49.72 
50.17 

00.08 
46.89 
44.43 
45.55 
17.11 

00.15 
02.46 
31.57 
49.45 
32.70 

00.00 
01.74 
66.24 
20.11 
68.77 

00.09 
22.06 

39.45 
69.16 

00.04 
68 .OS 
00.13 
44.40 
44.32 

00.30 
21.m 
28.06 
21.61 
45.19, 

m 

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

20 . 22 

23.82 
38.70 
31.59 
36.14 

00 .OS 
08.79 
31.94 
19.66 
43.39 

00.01 
14.23 
81.77 
66.08 
13.43 
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Abstract of horizontal directha and elevations of telescope above the station murk+ 

Continued . 

Object observed . 
! 

gorias ....................... 
Tinson ...................... 
Catherine ................... 
h l I C O t t E  .................... 
K-edy ..................... 
ltillman .................... 
Katherine ................... 
Armstrong .................. 
Norias ..................... 
Yturria ..................... 

Station occupied and elevation of 
instrument above station mark . 

Observed 
direction 

reduced to 
sealevel . 

0 . I1 

o 00 00.00 
33 65 02.25 
85 16 16.28 
141 M) 41.72 
173 59 35.28 

0 00 00.00 
178 19 61.12 
211 17 55.61 
271 10 13.88 
314 40 09.78 

m t r o n g .  10.78 meters .............. 

lorias ..................... 
‘turria .................... 
laymond ................... 
brenner ..................... 
‘inson ...................... 
Torias ...................... 
Laymond ................... 
lrenner ..................... 
tillman .................... 
‘inson ...................... 
laymond ................... 
lebastian ................... 
Udalgo ..................... 
ltiilman .................... 
Iturria ..................... 
3renner ..................... 
itillman .................... 
r‘turria ..................... 
lebastian ................... 
Eidalgo ..................... 
3ebastian ..... : ............. 
Karlingen ................... 
Mercedes .................... 
Brenner ..................... 
Raymond ................... 
Earlken ................... 
Mercedes .................... 
Hidalgo ..................... 
Brenuer ..................... 
Raymond ................... 

v m .  10.73 meters ................ 

o 00 00.00 
47 55 08.44 
89 12 15.78 
1% 49 10.12 
323 55 12.24 

0 00 00.00 
178 62 12.33 
222 05 65.85 
273 31 25.58 
327 11 42.17 

0 00 00.00 
60 30 16.66 
89 30 68.39 
2.58 28 17.46 
308 08 37.81 

0 00 00.00 
43 51 10.55 
84 54 54-01 
281 44 68.W 
307 38 49.61 

0 00 00.M 
56 61 25.3 
92 09 19.2 
208 43 87.3! 
308 46 20.8! 

0 00 0O.M 
40 03 12.U 
95 30 13.1: 
155 13 08.0: 
196 21 61.9 

N&. 10.77 meters ................. 

Mitla ........................ 
Maria ....................... 
Mercedes .................... 
Hidalao ..................... 

Stillman. 10.72 meters ............... 

Yturria. 10.69 meters ................ 

0 00 00.0 
47 30 32.7 
103 89 03.9 
148 54 03.3 

BreMer. 15.64 meters ............... 

Raymond. 16.55 meters ............. 

Hidalgo, u.60 meters ............... 

&bastian, 15.63 meters ............. 

Meroedes, 16.63meters .............. 

Rio ......................... 
DO- ...................... 
Mercedes .................... 
Harlingen .................. 
Mitla ........................ 

Harlingen. 15.62 mekm ............ 

msrie. 15.45 meters ................ 
0 00 0 0 . C  
a4 26 %.e 
98 06 04.1 

187 06 10.1 
144 43 48.j 

. . 

imber 
of 

eetion 

. 

62 
03 
64 
05 
06 

71 
67 

69 
7c 

74 
7E 
7c 
7: 
7: 

7r 
7( 
8( 
8’ 
7: 

81 
8: 
8, 
8 
a 
8 
9 
9 
8 
8 

9 
9 
9 
E 
€ 

€ 
1C 
1( < 
I 

lf 
1( 
11 
1( 
11 
11 
11 
11 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

68 

.ai 

FIidalgo ..................... 
Bebastian ................... 
Harllngen ................... 
Mitla ........................ 
Maria ....................... 
Rio ......................... 
Donna ...................... 

0 
32 
99 
135 
177 
208 
252 

00 00.0 
23 40.6 
47 08.5 
63 30.3 
40 62.5 
19 48.8 
30 03.3 

Bebastian ................... 178 32 26.8 
Cow 1 ...................... 274 37 62.1 
Be to ...................... 316 23 05.1 2 I 

inal 
:on& 
,fter 

I I  

69.84 
02.37 
16.14 
41.26 
35.82 

00.11 
60.70 
55.77 
14.02 
09.75 

18.76 
39.74 
13.57 
33.70 

00.31 
06.38 
15.52 
16.25 
12 . 11 
00.18 
12.33 
55.67 
25-91 
41.88 

00.97 
16.60 
58.28 
17.31 
37.75 

69.81 
16.61 
54.32 
69.00 
46.37 

25.42 
18.95 
37.40 
26.64 

00.46 
11.70 
13.00 
07.83 
52.31 

00.32 
40.74 
08.36 
30.97 
62.64 
48.52 
02.65 

59.72 
32.79 
04.03 
02.87 
25.63 
52.43 
05.64 

00.02 
28.67 
03.95 
48.81 
16.80 

00.34 

- 
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Gtation occupied and elevation 01 
mtrument above station mark . 

Abetract of horizontal directions and elevationr of telescope above the station marks- 
Continued . 

&:oftion 

Maria ....................... 
Mercedes .................... 
Herlingen ................... 
rowpill ...................... 
Uenito ...................... 
Resaca ...................... 

1- . .  .. 
0 00 00.00 

50 12 20.37 
90 01 &LO3 

150 38 19.84 
188 39 53.32 

0 00 00.00 

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

Ilditla. 15.68 meters 

................. Cowgill. 15.70 metem 
Olmito ...................... 
BcWo ...................... 
Mltla ........................ 
Harlingen ................... 

h n i t o .  15.61 meters .................. 

49 31 13.18 
91 24 59.78 

131 34 64.93 
165 36 28.03 

cowgiu ...................... 
Resaca ..... : ................ 
Olmito ...................... 
Mitla ........................ 
Harlingen ................... 

1% 
127 
128 
128 
130 

137 
138 
139 
140 
141 

144 
145 
146 
142 
143 

149 
150 
151 
147 
148 

152 
153 
154 
155 
150 

159 
157 
158 

160 
161 
182 

0 00 00.00 
45 43 44.08 
87 03 38.57 

258 11 29.02 
294 68 40.62 

(I ........ 

.................. R a w .  15.53 meters 

.................. Ohnito. 15.64 meters 

.................. Arista. 15.56 meters 

Point Isabel. west base. 16.68 meters . 

131 

Donne. 18.60 meters .................. 

I 
I 
I 

15 

Rio. 18.B metars ..................... 

olplito ....................... 
Benito ...................... 
cowafll ...................... 
Point Isabel, west base ....... 
Arista ....................... 

0 00 0.00 
84 30 21.91 
77 21 38.64 

257 15 37.91 
295 12 04.90 

Observed , 
direction 

reduced to 
soa lovol . 

Objcct observed . 

Benito ...................... 
Re- ...................... 
Arista ....................... 
CowgiIl ...................... 
Point Isabel, west'basc ...... 

0 00 00.00 
51 02 35.41 

104 G9 43.16 
148 40 41.74 
182 14 26.22 

Arista ....................... 
Olmito ...................... 
Rasace ...................... 
Point Iwbel . cast base ....... 
Mercedes .................... 
Maria ....................... 
Rio ......................... 
Tenacitas ................... 
Colombres ................... 

0 00 00.00 
56 00 17.09 
88 38 57.66 

275 08 21.24 

z 0 00 OO.W 
40 86 15.Z 
69 43 29.W 

103 30 00.3s 
In 32 45.z 

Donna ....................... 
Meniedos .................... 
Maria ....................... 
Tenacitns ................... 
Colombres ................... 

0 00 OO.W 
74 06 17.X 

120 27 18.1C 
270 50 25.18 
285 10 30.68 

Point Isabel. west basc 0 00 00.00 
Olmito ..................... 269 27 59.93 
R e a n  306 35 23.03 

Donna ...................... 
Rio ......................... 
TOnec l taS  ................... 
Colombres ................... 
Donna ...................... 
Rio ......................... 

- 
0 00 00.M 

42 21 15.46 
72 22 32.14 

0 00 00.N 
88 34 43.K 

135 38 37.2: 
T e ~ i t o s  ............................ 171 

17: { 171 

. 
Final 
aconds 
aIter 
5 we 

ment . &st- 

. 
, I  . 

59. 'JS 
25.81 
69.19 
19.98 
53.58 

00.15 
13.49 
59.70 
55.11 
27.47 

00.02 
44.20 
38.88 
28.66 
40.52 

b9.0 
21.70 
38.36 
38.10 
05.35 

59 . 79 
35.03 
43.41 
42.15 
26.13 

00.20 
59.95 
23.41 

00.05 
16.90 
57.14 

00.28 
15.51 
28.54 
00.65 
44.93 

17.69 
18 . 15 
25.41 
30.40 

59.96 
15.10 
32.50 

59.86 
43.35 
37.62 

- 

......... 

_. 
59.50 

- 
- 
- 
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CONDITION EQUATIONS. 
[Ninety-aighth meridian in Unitod States and Mexico 

NO. 

)-4.20( 5)+3.95( 6)+3.28( 14)-4.84 (15) 
EO. 0-+2.32-0.26( 9)-2.56( 10)+2.82( 11)+3.56( 12)-5.97( 13)+2.41( 14)+2.09( 24)-1.57( 25) 

51. oP+O.72+2.70( 19)-3.54( 20)+0.84( 21)+1.43( 27)-3.00( 28)+1.57( 29)+1.03( 34)3.55( 35) 

52. 0-+0.08+0.16( 29)-3.03( 30)+2.87( 31)+2* 38( 32)-4.47( 33)+2. 09( 34)+2.40( 44)-2.79( 45) 

53. 0 - + O .  49+3.16( 42)-4.55( 43)+1.39( 44)+0- 45( 39)-3.91( 40)+a. 46( 41)+1.86( 54)-1.99( 65) 

54. 0--4.01+1.82( 49)-2W( 50)+0.2/( 511+2.98( 57)-4.69( 58)+1.71( 59)+0.04( 64)-3.35( 65) 
55. 0-+3.64+1 l6( 59)-4.23( 60 +3 07( 61)+3.13( 62 4.82( e3)+1.69( 64)+3.25( 67)-4.47( 68) ’ 
66. 0- 

+l. 58 (16). 

-0.52(26). 

+2.52( 36). 

+0.39( 46). 

+0.13( 56). 

+3.31( 649. 

/1.22( 69)+1.61( b4)14.79( 75)+3.18( 2,. 
0.00+2.18( 69)-2.23( 70)+0.05( 71)+2.89( 77)-4.79( 78)+1.W( 70)+0.24( 84)-3.27( 85) 
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Zorrcrtion 
to dircc- 

tion. 

-0.027 
-0.272 
+O. 301 
-0.023 
+o. 108 
-0.104 
-0.040 
+O. 059 
-0.064 
-0.312 
+O. 231 
+G. OG2 +o. 083 +o. 012 
-0.083 
+0.202 
-0.087 
-0.035 
-0.059 
+O. 117 
-0.141 
-0.459 
+O. 542 
-0.358 
+O. 157 
+O. 127 
-0.033 
+O. 107 
+o. 160 
-0.545 
-0.078 
+O. 350 
+O. 107 
-0.127 
+O. 316 
-0.057 
-0.261 
+O. 130 
-0.006 
-0.186 
+O. 328 
-0.312 
+O. 176 

No. 

+(14G)-(152)+(156~-(157)+(159). 
67- 0- +l. 84+( 121)- (125)+ (126)- (130)+ (134)-(136)+(142)-(146)+ (152)- (156)+ (157) -(159). 

Number 
of direc- 

tion. 

87 
88 
89 
90 
91 
92 
93 
94 
98 
96 
97 
98 
99 
100 
101 

I 102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

, 112 
113 
114 
116 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 

COBXPUTED CORRECTIONS TO OBSERVED DIRECTIONS. 

The corrections to observed directions resulting from the figure 
adjustments indicated by the preceding condition equations are as 

-0.148 
-0.058 +o. 373 
-0.054 
-0.113 
+O. 144 
-0.235 
-0.185 
-0.037 
+O. 313 +o. 122 
-0.192 +o. 343 
+O. 034 
-0.306 
+o. 460 
-0.461 
-0.127 
-0.208 
+o. 337 
+O. 321 
+O. 206 
-0.184 
+o. 003 +o. 081 
-0.335 
-0.091 
+O. 267 
+O. 364 
-0.285 
+o. 009 
+O. 070 
-0.435 
40.010 
+O. 014 
-0.050 
-0.264 
+O. 239 
+O. 060 
-0.007 
-0.552 
+O. 163 
+O. 140 

follows : ' 
Table of corrections to observed directions. 

130 
131 
132 
133 

. 134 
185 
136 
137 
138 
139 
140 
141 

' 142 
143 
144 
145 
146 
147 
148 
149 
160 
151 
152 
163 
154 
155 
156 
157 
158 
159 
160 
161 
162 

* 163 
164 
165 
166 
167 
168 
169 
170 
171 
172 

2__ 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

+o. 478 
-0.278 
-0.200 
+O. 510 
-0.181 
-0.330 
+O. 412 
+O. 024 
-0.173 
+O. 189 
-0.452 
+O. 067 +o. 162 
+O. 124 
-0.361 
+O. 008 
+O. 153 

44 
45 
46 
47 
48 
40 
50 
51 
52 
53 
54 
55 
66 
57 
68 
59 
00 

Zorrection Number 
to dircc- 11 of direc- 

tion. tion. 
:ormotion 
to direc- 

tion. 

+o. 200 
+o. 290 
+0.231 
-0.459 
-0.496 
+o. 4x9 
i o .  056 
+O. 149 
4-0.312 
-0.082 
+O. 178 
-0.558 
-0.358 
-0.097 +o. 022 
4-0.123 
+O. 310 
%O. 252 +o. 450 
-0.300 
-0.210 
-0.181 
-0.211 
-0.87.6 ~ . _ . "  
4-0.252 
4-0.417 
-0.083 +o. 022 
-0.22I 
+o. 198 
+O. 647 
-0.127 
-0.520 +o. 260 
-0.323 
+o. iii 
-0.280 
-0.038 
-0.327 
+O. 36.5 . ..- 
-0.143 
-0.252 +o. 388 
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I t  

-0.07 
to'04 t o .  10 

f 0 . 0 6  

-0.10 
to'o8 -0.03 

+0.05 
-0.20 
-0.11 

-0.28 

-0.10 
-0.08 
-0.14 
rO.10 
fO.01 
+O. 26 

-0.11 -"05 

The maximum correction to  a direction is 0".69. 
The probable error of an observed direction is 

-- - 
,I 0 I I{ ,I 

103 59 32.68 
+0.07 45 22 B&ll 0.80 } 

b 0 . M  {!I E t0.E } 0.75 

-0.14 68 16 Old3 0.41 } 
} 

{ 30 37 68.81 } 
60 43 31:56 

55 47 &'i4 

{ 55 56 67.64 } { b 20 i : 9 7  } 
-0.26 108 08 55S4 0.46 

37 29 43.26 

64 00 2613 
-0.44 63 22 63.60 0.44 { 62 36 46.81 } 

} 
} 

{ 30 39 58.16 } 
-0.32 30 46 17.88 0.38 

118 38 44.36 { 49 15 bS.04 } 
+0.36 86 3201.63 0.61 

45 1 Z M S  

ia which 2 u2 is the sum of li@e squares of the corrections and c is 
the number, of conditions. ' 

The probable error of an observed direction resulting from the 
figure adjustment for this arc of primary triangulation is f O'I.27. 

CORRECTIONS TO ANGLES AND CLOSURES OF TRIANGLES. 

The correction to each* angle is the algebraic sum of the corrections 
to two directions. In order to make it possible to study the correc- 
tions to the separate angles, they are shown in the following table for 
every triangle in the primary scheme. There are shown the correc- 
tions to the angles resulting from the figure adjustment, the errors of 
closure of the triangles, the corrected spherical angles, and the spheri- 
cal excess for each triangle. The plus sign prefixed to  the error of 
closure of a triangle indicates that the sum of the angles is less than 
180' plus the spherical excess. The spherical excess is a convenimt 
indication of the size of the triangle, since it is proportional t;d%Qe 

-0.30 

-0.84 
to .  08 

-0.40 
-0.56 

-0.16 

area. - 
Station. 

Icing. -*. . . . . 
Alice west 

base.. . . .. 
Wood.. . . . . 
Bishop.. . . . 
King. . . . . . . 
Alice west 

base.. . . ._ 
Bishop. - - -. 
Icing. . . . . . . 
wood.. .. . . 
Bishop.. . . . 
Alice west 

base. ~. . . . 
wood.. .. . . 
Ricardo. . . . 
King. . . . . . . 
Bishop.. . . . 
meberg eee. 
Ricardo. . -. 
King. . . . . . . 

] 
} 

{ 47 07 55.00 ] 
-'.15 83 14 22.50 o.51 

49 37 43.04 { 23 30 00.59 } 
26 37 04.06 

-1.22 129 52 64.04 0.4( 

Table of triangles. 

-0.07 
-0.28 
-0.04 

2::;; 
-0.64 

cor- I I 
rec- 

} 
}-0.68 { :i .ll 32:::; } 0.5 

{ 41 55 02.31 } 
41 06 60.26 

' 53 16 01.12 

-0.39 96 58 08. 14 0.71 

tion 
to nn- 
gles 
from 
Bgure 
ad- 

just- 
ment. 

S her. 

e x m  
Pcal 

I- I ,  I I ,  I 0 I I f  

-- 
I 1  

Station. 

Kleberg ccc. 
Ricardo. . - 
Bishop.. . . 
Rleberg ecc 
King. . . . -. 
Bishop .... 
Riviera.. . . 
Ricardo. . . 
Kleberg ccc 

Robblns.. . 
Riviera.. . . 
Ricardo.. . 
Robbins.. . 
Riviera.. . . 
Kleberg eee 
Robbins.. . 
Ricardo. . . 
Kleberg ecc 
Roza.. .... 
Riviera.. . . 
Robbins.. . 

Cor- 
rcc- 
tion 

to nn- 
tles 
rom 

figure 
ad- 
Just- 
ment. 
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Table of triangles-continued. 

, Bonito.. .... 
Mitla ....... 
H t ~ l Q m  ... 

21 

(+O. 26 I] I( 36 45 11.86 I} 
+0.10 -0.29 98 37 64.39 0.88 
-0.05 44 30 64.08 

1 

t I cor- I I I 

I ,  

%:","s 
-0.24 

$1: 
t0 .61  

fO. 15 
t 0 . 5 2  
t0 .39  

t0 .50  
f0.43 
-0.18 

4-0.95 
-0.20 
+o. 33 

-0.48 
fO. 06 

+0.22 
-0'08 -0.06 

+0.54 
-0.38 +0'46 

+0.55 
-0.43 
-0.33 

-0.12 
-0.65 
+O. 34 

-0.60 
-0.61 
-0.34 

1;:: 
-0.92 

+0.44.)  
-0.31 
-0.68 

+O. 60 
+0.27 
+O.W 

-"" -0.62 

% :! +o. 29 

f0.79 
+O. 36 

+0.33 

f0.72 

I ,  0 , ,I I 8  

}+0.09 { !; i! %% } 0.40 
103 47 46.36 

49 40 20.44 
b 0 . 7 9  { 75 54 09.87 } 0.66 

54 25 30.24 

} 
[ 43 51 16.70 } 

+LO6 101 31 43.06 0.49 
34 37 00.73 

} 
{ 84 64 54.61 } 

+0.75 51 51 22.62 0.47 
43 13 43.34 

} 
{ 41 03 37.81 } 

+0.48 41 17 09.14 0.68 
97 39 13.68 

38 01 49.18 

} { 52 21 13.44 } 
59 42 64.82 

+0.08 91 16 22.88 0.88 } { 29 00 42.68 } 
100 61 89.31 

+0.62 53 14 33.70 0.38 } { 25 63 47.37 } 
} 

{ 41 08 44.49 } 
-0.21 80 36 16.23 0.63 

78 16 00.81 

-0.76 89 86 67.91 0.63 

1 8a 23 10.42 1 
-0.43 92 09 18.61 0.33 

65 27 01.30 

} 
{ 44 64 58.84 } 

-1.36 99 47 08.04 0.41 
35 17 63.63 

72 83 21.80 

}-1.37 { f33 f :::V3: } 0.46 [ 27 38 22.76 } 
05 30 12.64 { 46 37 44.86 } 

+0.83 77 69 44.28 0.38 
66 22 31.24 

-0.74 87 69 12.91 0.40 { 41 48 21.67 } 
90 01 59.20 

-0.45 56 61 26.08 0.38 

} 
} 
}+0.29 { i! ;2 2S1$ } 0.32 

+1.M 36 11 22.61 0.30 
103 69 04.31 

50 12 a5.82 

1 89 49 33.88 1 

Renedy ..... 1- 0.16 
'hcotte.. ... -0.21 

Sarita.. ..... 
Roza ........ 
Robbins.. ... 
Riviera.. .... Earits. 

Robbins.. ... 
Turcotte.. ... 
Roza.. ...... 
Barita. ...... 

...... 

86 34 40.42 

33 43 07.08 

}+0.06 { f !%!!% } 0.51 

\+0.61 { i: ii kii } 0.31 

1-0.03 { 86 03 31.76 } 0.4: 

62 12 47.72 

56 34 25.12 

37 22 03.66 

+O. 33 79 30 38.79 
-0.17 )+0.12 { 5 8 6 8 0 2 . ( 3 5 }  0.64 
-0.04 41 31 19.70 

+O. 21 

eo. 13 45 17 23.84 
-0.21 }-0.05 { 78 03 44.19 } 0.4( 
+o. 03 66 38 52.46 

60 40 16.96 

Station. 

Yturria ..... 
Vinson.. ... 
Norias.. .... 
Brenner.. .. 
Stillman.. .. 
Yturria.--. . 
Raymond. . 
Brenner.. .. 
Btlman. ... 
Raymond.. 
Brenner ... 
Yturria ..... 
i%iE:.-.: 
Yturria.... 

Rfdalgo.. . 
Brenner ... 
Raymond.. 

Behastian.. 
Hidalgo.. . 
Br mar... 

Behastian.. 
Hidalgo. .. 
Raymond. 

Bebastian.. 
Brenner ... 
Raymond. 
Mercedea.. 
Hidalgo. .. 
Bebastian.. 
Harlln n 
Merceg. : 
IIidalgo.. . 
Harlingen . 
Mercedes.. 
Sobastian.. 

Harlingen . 
Hidalgo. .. 
Sebsstiau.. 

Maria ..... 
Mercedes.. 
Harungen. 
Mitla ...... 
Maria ..... 
Mercedes.. 

Mitla. ..... 
Maria. . -. . 
Harlingen. 
Mitla ..... 
Mercedas.. 
HWliIlgWl. 

Cor- 
rec- 
tion 

to an- 

figure 
ad- 

just- 
ment. 

&% 
Error 
of clos- 
ure of 

triangle. 

corrected 
spherical 
angles. 

8 her- 
fd 

excess. 
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Table of triangles-Continued. 

The maximum correction 1”.17 to any angle is to  tho one 
Isabel west base, between the lines to  Arista and Resaca. 

The statistics as to closures of triangles and the mean e 
angle for the arc of primary triangulation along the ninety4eighth 
meridian in the United States and Mexico are given in the f 

table. 
sum of the squares of the closing errors of the triangles an 
number of triangles’in the season’s work. 

The mean error of an angle a- 

Statistics showing accuracy of triangulation. 

Total number of triangles.. .............................................. .. 
Number of triangles with plus closures. .................................. 
Number of triangles with minus closures.. ....... .!. ..................... 

&ximum closure of a triangle. ........................................ 

probable error of an observed direction.. .............................. 

Average closure of a triang?. ......................................... 

Mean error of an angle. .............................................. 
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The average closing error of a triangle for the 68 triangles of this 
arc of primary triangulation is 0”.63. This mean closing error indi- 
cates that the methods employed and the number of observations 
made will give the accuracy called for by the general instructions, 
viz, 1”.00 on the average. The instructions also state that the clos- 
ing error shall seldom exceed 3”.00. The maximum closing error of 
any triangle of this arc of primary triangulation is 1”.86. 

Of seven definite arcs of primary triangulation in the United States, 
the ninety-eighth meridian in the United States and Mexico stands 
h t  in accuracy, using the average closing error of a triangle as the 
standard. 

The comparison of the average closing errors is given below: 
Average 

closing error. 
Ninety-eighth meridian in United States and Mexico. ...................... 0”. 63 
Texas-California. ......................................................... .90 
Ninety-eighth meridian.. .................................................. ,92 
One hundred and fourth meridian. ........................................ .99 
Transcontinental triangulation. ........ .c.. ................................. 1.06 
Eastern oblique arc. ...................................................... 1.19 
California-Washington .................................................... 1.22 

&BCCURACY OF THE TRIANGULATION AS COMPARED WITH OTHER 
PRIXARY TRIANGULATION IN THE UNITED STATES. ‘ 

!< I:, 

Thgmost severe, and therefore the best, test of accuracy is believed 
by the writer to  be the quantity d, expressing the probabloerror of 
the observed direction as derived from the corrections to  directions 
resulting from the figure adjustment before the‘ introduction of 
equations necessary to hold k e d  the positions of previously adjusted 
triangplation. 

On pages 79-80, Special Publication No. 19, there appears a table 
in which 66 sections of triangulation in the United States have been 
arranged in order of accuracy-that is, in order of the values of d-the 
most :pccurate being placed first. The triangulation considered in 
this publication would appear between Nos. 8 and 9 in such a table. 

ADJUSTMENT OF THE TERTIARY TRIANGULATION. 
* 

i 

I n  adjusting the tertiary triangulation along the coast of Texas 
between Corpus Christi and Point Isabel, the length and azimuth of 
the line Mustang-Laguna Madre south base and the geographic 
coordinates at its ends were held fixed. These were determined by 
the adjustment made of the triangulation which extends from the 
Seguin base net to  Corpus Christi, Tex.’ 

1 See Appendix6 oithe Report of the C w t  and Geodetic BUrVeY, 1911. 
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Starting from the above-mentioned line, the triangulation as far 
south as the line Salt-Murdock was adjusted by figures of two or 
three quadrilaterals a t  a time. From the line Salt-Murdock to Point 
Isabel the work was adjusted as a whole. In  this adjustment the 
azimuth and length of the line Salt-Murdock and the geographic 
coordinates of the stations at  its ends, as determined from the 
quadrilateral adjustment, were held fixed. The length and azimuth 
of the line Fox-Cameron, as determined from the Point Isabel base 
and the Laplace station at Fronton, were also held fixed,' but the 
older geographic coordinates of Fox and Cameron were not held 
k e d ,  but +ere given the new values deterplined by the p r i m q  
triangulation carried southward from the Alice base net. 

So that while the length and azimuth of the li& Fox-Cameron 
appearing in this report will be consistent with those in Appendix 5,  
Report of the Coast and Geodetic Survey for 1911, the geographio 
positions of the two stations will differ somewhat in the two publi- 
cations, the values appearing in this report superseding those in the 
earlier report. 

Some of the old stations in Laguna Madre from Corpus Christi to 
Point Isabel, the geographic positionsof which appeared in the above- 
mentioned publication, were recovered during the surveys of 1912 and 
1913. The geographic coordinates of these points and the lengths 
and azimuths connecting the points were redetermined and made 
consistent with the newer work. 

For those old stations which were not recovered in 1912-13, the 
latitudes and longitudes only appear in this report. These positions 
were made to fit into the new work, and therefore differ from those 
appearing in Appendix 5 ,  Report of the Coast and Geodetic Survey 
for 1911. The new positions were determined by applying to the old 
positions corrections which were determined by distributing accord- 
ing to length the discrepancy which occurred in the positions from 
Laguna Madre to Point Isabel on account of the new triangulation. 

I n  all cases the positions appearing in this report should supersede 
those appearing in the earlier report. 

"E NORTH AXERICAN D A T m .  

Early in the year 1913 the Superintendent of the United States 
Coast and Geodetic Survey was notified by the director of the Comi- 
si6n Geodhica Mexicana and by the chief astronomer of the Dominion 
of Canada Astronomical Observatory that the so-called United 
States standard datum had been adopted as the datum for the 
triangulation of those organizations. They also reported that the 

t Clarke spheroid of 1866, now used in the United Statas, would be used 
by them. 

1 Bee Appendix 6, Report of the Coast and Qeodetio Survey, 1011. 
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Owing to the international character of the datum now adopted 
by the three countries, the Superintendent of the United States 
Coast and Geodetic Survey has changed its designation from the 
“United States standatd datum’’ to the North American datum.” 

EXPLANATION OF THE NORTH AMERIUAN DATUM. 

The lengths, as already fully explained in connection with the 
adjustments, all depend upon the Alice, Colombres, and Point Isabel 
bases. The lengths as given are all reduced to sea level. If the 
actual length of a line simply reduced to the horizontal is desired it 
may be obtained with all accuracy ordinarily needed by adding to the 
sea level length as given a correction = (length of line as given) times 

mean elevation of the two ends of the line in meters 

The maximum value of this correction does not exceed mo for the 
length of any portion of the triangulation here published. The 
maximim erro; made in the use of the above approximate formula 

I. 6370000 [ 1 

1 for the length of any por- for the correction does not exceed 3~000000 
tion of this triangulation. 

“he positions-that is, the latitudes, longitudes, and azimuths- 
need special explahation. 

All of the positions and azimuths have been computed upon the 
Clarke spheroid of 1866, as expressed in meters, which has been in 
Use b t h e  Coast and Geodetic Survey for many years. 

Aftdr a spheroid has been adopted and all the angles and lengths 
a triangulation have been fully k e d ,  it is still necessary, before the 

computation of latitudes, longitudes, and azimuths can be made, to 
adopt a standard latitude and longitude for a specified station and 
a standard azimuth of a line from that station. For convenience, 
the adopted standard position (latitude and longitude) of a given 
station, together with the adopted standard azimuth of a line from 
that station, is called the geodetic datum. 

The primary triangulation in the United States was commenced 
at various points and existed at first as a number of detached por- 
tions in each of which the geodetic datum was necessarily dependent 
only upon the astronomic stations connected with that particular 
portion. + examples of such detached portions of triangulation 
there may be mentioned the early triangulation in New England 
and along the Atlantic coast, a detached portion of the trans- 
continental triangulation centering on St. Louis and another portion 
of the same triangulation in the Rocky Mountain region, and three 
separate portions of triangulrttion in California, in the latitude of 
h n  Francisco, in the V;cinity of Santa Barbara Channel, and in the 
Vicinity of San Diego. With the lapse of time these separate pieces 
expanded until they touched or overlapped. 

i 
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The transcontinental triangulation, of which the office computation 
was completed in 1899, joined all of the detached portions mentioned 
and made them one continuous triangulation. As soon as this took 
place the logical necessity existed for discarding the old geodetic 
data used in these various pieces and substituting one for the whole 
country, or at least for as much of the country as is covered by con- 
tinuous triangulation. TO do this was a very heavy piece of work, 
and involved much preliminary study to determine the best datum 
to be adopted. On March 13, 1901, the superintendent adopted 
what was known from that time until 1913 as the United States 
standard datum, but is now known as the North American datum 
(see above), and it was decided to reduce the positions to that datum 
as rapidly as possible. The datum adopted was that formerly in use 
in New Enkland, and therefore its adoption did not affect the posi- 
tions which had been used for geographic purposes in New England 
and along the Atlantic coast to North Carolina, nor those in the 
States of New York, Pennsylvania, New Jersey, ,and Delaware. 
The adopted datum does not agree, however, with that used in The 
Transcontinental Triangulation and in The Eastern Oblique Arc of 
the United States, publications which deal primarily with the purely 
scientific problem of the determination of the figure of the earth 
and which were prepared for publication before the adoption of the 
new datum. 
As the adoption of such a strtndard dtitum was a matter of con- 

siderable importance, it is in order here to explain the desirability 
of this step more fully. 

The main objects to be attained by tho geodetic operations of the 
Coast and Geodetic Survey are, first, the control of the charts pub- 
lished by the Survey; second, the furnishing of geographic positions 
(latitudes and longitudes), of accurately determined elevations, and 
of distances and azimuths, to officers connected with the Coast and 
Geodetic Survey and to other organizations; third, the determina- 
tibn of the figure of the earth. For the first and secondobjects 
i t  is not necessary that the reference spheroid should be accurately 
that which most closely fits the geoid within the area covered, nor 
that the adopted geodetic datum should be absolutely the best 
that can be derived from the astronomic observations a t  hand. 
It is simply desirable that the reference spheroid and the geodetic 
datum adopted shall be, if possible, such a close approximation to 
the truth that any correction which may hereafter be derived from 
the observations which are now or may become available shall not 
greatly exceed the probable errors of such corrections. It is, 
however, very desirable that one sphboid and one geodetic datum 
be used for the whole country. In  fact, this is absolutely necessary 
if a geodetic survey is to perform fully the function of accurately 

' 
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coordinating all surveys within the area which it covers. This is 
the most important function of a geodetic survey. To perform this 
function, it is also highly desirable that when a certain spheroid 
and geodetic datum have been adopted for a country they be rigidly 
adhered to, without change, for all time, unless shown to be largely 
in error. 

In striving t o  attain the third object, the determination of the 
figure of the earth, the conditions are decidedly different. This 
Problem concerns itself primarily with astronomic observations of 
latitude, longitude, and azimuth and with the geodetic positions of 
the points a t  which the astronomic observations were made, but is 
not concerned with the geodetic positions of other points fked by 
the triangulations. The geodetic positions (latitudes and longi- 
tudes) of comparatively fcw points are, therefore, concerned in this 
problem. However, in marked contrast to the statements made in 
Preceding paragraphs, it  is desirable in dealing with this problem 
that with each new important accession of data a new spheroid 
fitting the geoid with the greatest possible accuracy and new values 
of the geodetic latitudes, longitudes, and azimuths of the highest 
degree of accuracy should be derived. 

The United States standard (now the North American) datum 
\Vas adopted with reference to positions furnished for geographic 
Purposes, but has no reference to  the problem of the determination 
of the figure of the earth. It is adopted with reference to the engi- 
neer’s problem of furnishing standard positions and does not affect 
the scientist’s problem of the determination of the figure of the earth. 

The principles which guided in the selection of the datum to be 
adopted were: First, that the adopted datum should not differ widely 
from the ideal datum for which the sum of the station errors in 
latitude, longitude, and azimuth should each be zero; second, it 
Was desirable that the adopted datum should produce minimum 
changes in the publications of the Survey, including its charts; 
and, third, it was desirable, other things being equal, to adopt that 
datum which dowed the maximum number of positions already 

the office registers to remain unchanged, and, therefore, necessi- 
tated a minimum amount of new computation. These considera- 
tions led to the adoption, as the standard, of that datum which 
had been in use for  many years in the northeastern group of States 
and along the Atlantic coast as far south as North Carolina. 

An examination of the station errors avadable in 1903 on the 
United States standard datum a t  246 latitude stations, 76 longi- 
tude stations, and 152 azimuth stations, scattered widely over the 
United States from Maine to Louisiana and to California, indicated 

6 7 5 5 1 O - 1 9 4  



\ 

34 U. S. COAST AND GEODE!LTU SURVEY. 

that this datum approaches closely the ideal with which the alge- 
braic sum of the station errors of each class would be zero.' 

The North American datum, upon which the positions and azi- 
muths given in this publication depend, may be d e h e d  in terms of 
the position of the station Meades Ranch as follows: 

q=39 13 26.686 
X=98 32 30.506 

o r  I t  . 

a to  Waldo =75 28 14.52 
Points are then said to be upon the North American datum when 

they are connected with the station Meades Ranch by a continuous 
triangulation, through which the corresponding latitudes, longi- 
tudes, and azimuths have been computed on the Clarke spheroid of 
186G, as expressed in meters, starting from the above data. 

The principal lists of geographic positions published on the adopted 
datum throughout the whole United States are contained in the 
following publications of the Coast and Geodetic Survey and of 
other organizations : 

Appendix 8 of the Report for 1885, positions in Massachusetts and Rhode Island. 
Appendix 8 of the Report for 1888, positions in Connecticut. 
Appendix 8 of the Report for 1893, positions in Pennsylvania, Delaware, and 

Appendix 10 of the Report for 1894, positions in Massachusetts. 
Appendix 6 of the Report for 1901, positionsin Kansas and Nebraska, 
Appendix 3 of the Report for 1902, positions in K ~ E w ,  Wssouri, Nebraska, and 

Appendix 4 of the Report for 1903, positions in Kansas, Oklahoma, and Texaa. 
Appendix 9 of the Report for 1904, positions in California. 
Appendix 5 of the Report for 1905, positions in Texm. 
Appendix 3 of the Report for 1907, positions in California. 
Appendix 5 of the Report for 1910, positions in California. 
Appendix 4 of the Report for 1911, positions in Nebraska, Minnesota, North Dsr 

Appendix 5 of the Report for 1911, positions in Texas. 
Appendix 6 of the Report for 1911, positions in Florida. 
Special Publication No. 11, positions in Texas, New Mexico, Arizona, and Cali- 

Special Publication No. 13, positions in California, Oregon, and Washington. 
Special Publication No. 16, positions in Florida. 
Special Publication No. 17, positions in Texas. 
Special Publication No. 19, positions in Colorado, Utah, Nevada, Wyoming, Mon- 

Special Publication No. 24, positions in Alabama and Mississippi. 
Special Publication No. 30, positions in West Virginia, Ohio, Kentucky, Indiana, 

Special Publication No. 31, positions in Oregon, Washington, and California. 
Special Publication No. 43, podtions in Georgia. 
Special Publication No. 46, poaitions in Maine. 

Maryland. 

Colorado. 

7 

kGta, and South Dakota. 

fornia. 

tana, South Dakota, and North Dakota. 

Illinois, and Missouri. 

1 This Is further borno out in tho roduction of 705 astronomic stations in connection with the "Supple- 
mentary investigation in lsoB of tho figure of the earth and isostasy," by J. E'. Hapford, published by the 
Coast and Geodetic Burvey. 
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Special Publication No. 54, positions in Texas. 
Appendix EEE, pages 2905-3031, Annual Report of the Chief of Engineers, 1902, 

Publications of the Massachusetts Harbor and Land Commission. 
Report on the Triangulation of Greater New York. 
Report on a Plan of Sewerage for the City of Cincinnati. 
various bulletins of the United States Geological Survey. 

POSitions of points on and near the Great Lakes. 

EXPLANATION OF TABILES OF POSITIONS. 

In  the tables of positions the latitudo and longitude of each point 
are given on the North American datum (soe p. 30), also the length 
and azimuth of each line observed over, whether in one or both ways. 
d o n g  with the latitude and longitude of each point tho lengths and 
azimuths are given of lines from that point to other points of the 
triangulation. No lengths or azimuths are repeated, and for a given 
line the length and azimuth will be found opposite the position of , 
one or the other of the two stations involved. 

Por the convenience of the draftsman a column of “seconds in 
Qeters’, is given, in which is placed the length (in meters) of each 
small arc of a meridian or parallel corresponding to the seconds of 
the given latitude or longitude. To facilitate further the use of the 
tables, a column is given of the logarithms of the lengths. It must 
be remembered that it is the logarithm which is derived fbst from 
the computation, the lengths given in this table being then derimd 
from the corresponding logarithms. 

The rule followed in recent publications of this office has been to 
give latitudes and longitudes to thousandths of seconds for all points 
the positions of which are fixed by fully adjusted triangulation. 
Points the positions of which are given to hundredths of seconds only 
we marked by footnotes as being without check (observed from only 
two stations) or checked by verticals only. 

In the columns giving azimuths, distances, and logarithms of dis- 
tances the accuracy is indicated t o  a certain extent by the number of 
decimal places given, it being understood that in each case two doubt- 
ful figures are given. In  some cases there is very little doubt of the 
correctness of the second figure from the right, while in a few cases 
aoae doubt may bo cast on the third figure from the right. 

These tables may be conveniently consulted by using as finders 
the sketches and the index at  the end of this publication. In  the 
third column of the index will be found for each point a reference to 
the pa&o*on which its description is given, in the fourth column 
the page on which its elevation above sea level is shown, and in the 
a t h  column the number of the sketch on which i t  appears. 

Thb tables following are inserted for the convenience of those who 
wish to convert the distances or elevations given in this publi- 

cation from meters to feet or from feet to  meters. 
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Meters. 
-- 

45.72008 
46.02489 
46.32969 
46.63449 
46.93929 

47.24409 
47.54890 
47.85370 
48.15850 
48.46330 

48.76810 
49.07290 
49.37770 
49.68250 
49.98730 

50.29210 
50.59690 
50.90170 
51.20650 
51.51130 

- - 
Feet. 
- 

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
1 
2 
3 
4 

5 
6 
7 
8 
9 

20 
1 
2 
3 
4 

5 
6 
7 
8 
9 

30 
1 
2 
3 
4 

5 
6 
7 
8 
9 

40 
1 
2 
3 
4 

5 
6 
7 

9 
a 

Feet. 

ZOO 
1 
2 
3 
4 

5 
6 
7 
8 
9 

210 
1 
2 
3 
4 

5 
6 
7 
8 
9 

U. S. COAST AND GEODETIC SURVEY. 

CONVERSION TABLES. 

Lengths-Feet to meters (from 1 to 1000 units). 

[Reduction factor: 1 fo0t-0.3048oo6oB6 meter.] 

15.24003 
15.54453 
15.84963 
16.15443 
16.45923 

16.76403 
17.06883 
17.37363 
17.67844 
17.98324 

18.28804 
18.59284 
18.89764 
19.20244 
19.50724 

19.81204 
20.11684 
20.42164 
20.72644 
21.03124 

21.33604 
21.64084 
21.94564 
22.25044 
22.55525 

22.88005 
23.16485 
23.46965 
23.77445 
24.07925 

24.38405 
24.68885 
24.90365 
25.28845 
26.60325 

25.90805 

26.51765 
26.82245 
27.12725 

27.43205 
27.73686 
28.04166 
28.34646 
28.65126 

28.95600 
29.26086 
29.56566 
29.87040 
30.17526 

26.21285 

Meters. 11 Foet. 
-- 

100. 
1 
2 
3 
4 

5 
6 
7 
8 
9 

110 
1 
2 
3 
4 

5 
/6 

7 
8 
9 

120 
1 
2 
3 
4 

5 
6 
7 
8 
9 

130 
1 
2 
3 
4 

5 
6 
7 
8 
9 

140 
1 
2 
3 
4 

5 
6 
7 
8 
9 

0.0 
0.30480 
0.60960 
0.91440 
1121920 

1.52400 
1.82880 
2.13360 

2.74321 

3.04801 
3.35281 
3.65761 
3.96241 
4.26721 

4.57201 
4.87681 
5.18161 
5.48641 
5.79121 

6.09601 
6.40081 
6.70561 
7.01041 
7.31521 

7.62002 
7.92482 
8.22962 
8.53442 
8.83922 

9.14402 
9.44882 
9.75362 

10.05842 
10.36322 

10.66802 
10.97292 
11.27762 
11.58242 
11.88722 

12.19202 
12.49882 
12.80163 
13.10643 
13.41123 

13.71603 
14.02083 
14.32563 
14.63043 
14.93523 

2.43840 

30.48000 
30.78486 
31.08966 
31.39446 
31.69926 

32.00406 
32.30886 
32.61367 
32.91847 
33.22327 

33.52807 
33.83287 
34.13767 
34.44247 
34.74727 

35.115207 
35.35687 
35.66167 
35.96647 
36.27127 

36.57607 
36.88087 
37.18567 
37.49047 
37.79528 

38.10008 
38.40488 
38.70968 
39.01448 
39.31928 

39.62408 
39.92888 
40.23308 
40.53848 
40.84328 

50 
1 
2 
3 
4 

5 
6 
7 
8 
9 

60 
1 
2 
3 
4 

5 
6 
7 
8 
9 

70 
1 
2 
3 
4 

5 
6 
7 
8 
9 

80 
1 
2 
3 
4 

5 
6 
7 
8 
9 

90 
1 
2 
3 
4 

5 
6 
7 

9 
a 

150 
1 
2 
3 
4 

5 
6 
7 

5 8 
9 

160 
1 
2 
3 
4 

5 
6 
7 
8 
9 

170 
1 
2 
3 
4 

5 
6 
7 
8 
9 

180 
1 
2 
3 
4 

Meters. 11 Feet. 

51.81610 
52.1%90 
52.42570 
52.73051 
53.03531 

53.34011 
53.64491 
53.94971 
54.25451 
54.55931 

220 
1 
2 
3 
4 

5 
6 
7 
8 
9 

56.38811 
56.69281 
56.99771 
57.30251 
57.80732 

57.91212 
58.21692 
68.52172 
58.82652 
59.13132 

5 

? 
8 
9 

240 
1 
2 
3 
4 

41.14808 

41.75768 
42.08248 
42.36728 

41.45288 
5 

7 
8 
9 

6 

42.67209 
42.97689 
43.28169 
43.58649 
43.89129 

44.19Bog 
44.50089 
44.80569 
45.11049 
45.41529 

190 
1 
2 
3 
4 

5 
6 
7 
8 
9 

59.43612 5 
59.74092 

60.35052 8 
60.65532 9 

80.04572 11 

Meters. 

60.96012 
61.26402 
61.56972 
61.87452 
62.17932 

62.48412 
62.78893 
63.09373 
63.39853 
63.70333 

64.00813 
64.31293 
64.61773 
64.92253 
65.22733 

65.53213 
65.83693 
66.14173 
66.44653 
66.75133 

67.05613 
67.36083 
67.66574 
67.97054 
68.27534 

68.58014 
68.88494 
69.18974 
69.49454 
69.79934 

70.10414 
70.40894 
70.71374 
71.01854 
71.32334 

71.62814 
71.93294 
72.23774 
72.54255' 
72.84736 

73.15215 
73.45695 
73.76175 
74.06655 
74.37135 

74.67615 
74.98095 
75.2X575 
75.59055 
75.86635 



==== 
Feet. 
-z 

250 
1 
2 
3 
4 

5 
6 
7 
8 
9 

260 
1 
2 
3 
4 

5 
6 
7 
8 
9 

270 
1 
2 
3 
4 
5 
6 
7 

9 

280 
1 
2 
3 
4 

5 
6 
1 
I 
I 

29( 
I 

a 

I 
1 

1 
! 

121.92024 
122.22504 
122.52985 
122.83465 
123.13945 

123.44425 
123.74905 
124.05385 
124.35865 
124.66345 

124.96825 
125,27305 
125.67785 
125.88285 
126.18745 

126.49225 
126.79705 
127.10185 

127.71146 
127.40665 

TRJANGUUTION I N  !PEXAS. 

Lengths-Feet to meters (from 1 to 1000 units)-Continued. . 

450 
1 
2 
3 
4 

5 
6 
7 
8 
9 

460 
1 
2 
3 
4 

5 
6 
7 

9 
a 

Meters. /j Feet. -- 
76.20015 
76.50495 
76.80975 
77.11455 
77.41935 

77.72416 
78.02896 

78.63856 
78.94336 

79.24816 
79.55296 
79.85776 
80.162% 
80.46738 

78.33376 

300 
1 
2 
3 
4 

5 
6 

8 
9 

310 
1 
2 
3 
4 

.7 

91.44018 
91.74498 
92.04978 
92.35458 
92.65939 

92.96419 
93.28899 
93.57379 
93.87859 
94.18339 

94.48819 
94.79299 
95.09778 
95.40259 
95.70739 

96.01219 
96.31699 
96.62179 
96.92659 
97.23139 

97.53620 
97.84100 
98.14580 
98.45060 
98.76540 

350 
1 
2 
3 
4 

5 
6 
7 
8 
9 

360 
1 
2 
3 
4 

5 
6 
7 
8 
9 

370 
1 
2 
3 
4 

106.88021 1 
106.98501 , 
107.28981 
107.59462 
107.89942 

400 
1 
2 
3 
4 

108.20422 1 
108.50902 
108.81382 1 
109.11862 
109.42342 1 

5 
6 
7 
8 
9 

109.72822 1 
110.03302 
110.33782 
110.64262 1 

II- 

410 
1 
2 
3 

80.77216 I 
81.07696 
81.38176 

81.99136 

82.29616 
82.6ooO7 
82.90577 
83.21057 
83.51537 

81.08850 

5 
6 
7 

9 

32t 
1 
2 
2 
4 

a 

111.55702 
111.88182 
112.16662 
112.47142 

112.77623 
113.03103 
113.3%583 
119.GQOW 
113.99543 

114.30023 
114.60503 
114.90983 

115.51943 

115.82423 
116.12903 
116.43383 
116.73863 
117.04343 

117.34823 
117.65304 
117.95784 
118.26264 
118.56744 

118.87224 
119.17704 
119.48184 
119.78664 

115.21463 

120.09144 

120.39624 ! 
120.70104 
121.00584 1 
12\.31084 I 
121.61644 ! 

6 
7 
8 
9 

420 
1 
2 
3 
4 

5 
6 
7 

9 

43C 
1 
2 
I 
4 

E 

I 
I 
! 

44( 

a 

. 
1 

128.01626 
128.32106 
128.62586 
128.93066 
129.23546 

129.54026 
129.84506 
130.14986 
130.45466 
130.75946 

131.08426 
131.36906 
131.67380 
131.97866 
132.28346 

471 
1 
2 
3 
4 

1 

t 
I 

48( 

. 
4 

83.82017 
84.12497 
84.42977 
84.73457 
85.03837 

37 

! 

5 
t < 

kbterS. 

137.16027 
137.46507 
137.76988 
138.07468 
138.37948 

138.68428 
138.98908 
139.29388 
139.59808 
139.90348 

140.20828 
140.51308 
140.81788 
141.12268 
141.42748 

141.73228 
142.03708 
142.34188 
142.64669 
142.95149 

143.25629 
143.68109 
143.80589 
144.17009 
144.47549 

144.78029 
145.08509 
145.38989 
145.69469 
145.99949 

146.30429 
146. 60909 
146.91389 
147.21869 
147.52350 

147.82830 
148.13310 
148.43790 
148.74270 
149.04750 

149.35230 
149.65710 
149.96190 
150.28670 
160.67160 

160.87830 
151.18110 
151.48590 
151.79070 
152.09550 

99.06020 
99.36500 
99.66980 
09.97460 
100.27940 

100.58420 
100.88QMl 
101.19380 
101.48860 
101.80340 

5 
6 
7 
8 
9 

380 
1 
2 
3 
4 

85.34417 
85.64807 
85.95377 
86.25857 
88.58337 

33( 

; 
; 

132.58827 
132.89307 
133.19787 
133.50267 
133.80747 

134.11227 
134.41707 
134.72187 
135.02667 
136.33147 

135.63627 
135.94107 
136.24587 
136.55067 
136.85647 

! 

I ' 
491 

: 
I 

. 
I 

02.10820 i 02.41300 
102.71781 
103.02261 
103.32741 

103.63221 
103.93701 
104.24181 
104.54661 
104.86141 

105.15621 
105.46101 
105.76581 
106.07061 
106.37541 

5 
6 
7 
8 
5 

39C 
I 
2 

, I 
4 

! 

I 
! 

86.88817 
87.17297 
87.47777 
87.78258 
88.08738 

88.39218 
88.69698 
89.00178 
89.30658 
89.61138 

89.91618 
80.22098 
90.52578 
90.83058 
91.13538 

! 
! 
1 

341 

~ 

1 



38 

152.40030 

153.00991 
153.31471 
153.61951 

153.92431 
154.22911 
154.63391 
154.83871 
155.14351 

155.44831 
155.75311 
133.05791 
156.36271 
156.66751 

156.97231 
157.27711 
157.58192 
157.88672 
158.19152 

158.48632 
158.80112 

159.71562 

160.02032 
160.32512 
180.62892 
160.93472 
161.23952 

152.705ii 

159.1059~ 
159.41072 

==== 
Feet. 

560 

2 
3 
4 

5 
6 
7 
8 
9 

560 
1 
2 
3 
4 

5 
6 
7 
8 
9 

576 
1 

1 

z 
3 
4 

5 
t 
7 
E 
9 

500 
I 
2 
3 
4 

5 
6 
7 
8 
9 

510 
1 
2 
3 
4 

5 
6 
7 
8 
9 

520 
1 
2 
3 
4 

5 
6 
7 

9 

530 
1 
2 
3 
4 

5 
6 
7 
8 
9 

a 

540 
1 
2 
3 
4 

6 
1 
€ 
5 

I 

182.88037 
183.18517 
183.48997 
183.79477 
184.09957 

184.40437 
184.70917 
185.01397 
185.31877 
185.62357 

185.92837 
186.2?317 
1x0 53797 
lRS.81277 
187.,14757 

187.45237 
187.75718 
188.06198 
188.36678 
188.67158 

188.97638 
189.28118 
189.5A69S 
189.89078 
i 0 n . w m  

190.50038 
190.80518 
191.10998 
191.41478 
191.71958 

192.02438 
192.32918 
192.G3199 
192 93879 
193.24359 

193.54839 
193.85319 
194.15799 
194.46279 
194.76759 

195.07239 
195.37719 
195.68109 
195.98079 
196.29159 

196.59639 
186.90119 
197.20599 

197.81560 
107.51080 

U. S. COAST AND GEODETIC SURVEY. 

Lengths-Feet to meters (from 1 to IO00 units)-Continued. 

650 
1 
2 
3 
4 

5 
6 
7 
8 
9 

660 
1 
2 
3 
4 

5 
6 
7 
8 
9 

670 
1 
2 
3 
4 

5 
6 
7 
8 
9 

68C 
1 
2 
3 
4 

f 
6 
7 
€ 
Z 

69( 
I 

i 
4 

: 

I 
1 ! 

- 
Meters. I! Feet, 

167.64034 
167.94514 
168.24994 
168.55474 
168.85954 

169.16434 
169.46914 
169.77394 
170.07874 
170.38354 

170.68834 
170.99314 
171.29794 
171.60274 
171.90754 

172.21234 
172.51715 
172.82195 
173.12675 
173.43155 

173.73035 
174.04115 
174.34595 
174.65075 
174.95555 

175.28035 
175.56515 
175.86995 
176.17475 
176.47055 

176.78435 

177.39395 
177.69876 
178.00356 

178.30836 
178.61316 
178.91796 
179.22276 
179.52756 

179.811236 
180.13716 
180.44106 
180.79676 
181.05156 

181.35636 
181.66116 
181.90590 
182.27076 
182.67557 

177.08915 

600 
1 
2 
3 
4 

5 
6 
7 
8 
9 

610 
1 
2 
3 
4 

5 
6 
7 
8 
9 

620 
1 
2 
3 
4 

5 
6 
7 
8 
9 

630 

2 
3 
4 

5 
6 
7 
8 
9 

640 
1 
2 
3 
4 

5 
6 
1 
8 
5 

i 

198. 12010 
198.42520 
198.73000 
109.034~0 

IYB.~WZII 
zoo.25Joo 

199.33980 

199.64440 

200.65X80 
200.8w60 

____-_- 
Meters. / /  Feet. 
-- 

700 
1 
2 
3 

6 
7 

4 

5 

8 
9 

.201.16840 
201.47320 
2ni.mon 
202.08280 
202.38780 

Meters. 11 Feet. 
~- 

711 
1 
z 
3 
4 

204.21641 
204.52121 

205.43561 

204.82601 
205.n08i 

Meters. 11 Feet. 
___- 

72( 
I 

1 

i 
2 

161.54432 
161.84912 
162.15392 
162.45872 
162.78353 

163.08833 
163.37313 
103.67793 
163.98278 
161.28753 

164.69233 
1%. 89713 
185.20193 
165.50673 
166.81163 

58[ 
1 
2 
Z 
4 

! 

I 
I 
< 

59( 

. ' 

207.2044i 

207.87402 
'207.66922 

208.17882 

73( 

. 
208.48362 

208.78842 

209.39802 
209.70282 
210.00762 

* 209.09322 

1 

! 

I ' 

213.05563 

z i n . 3 i m  
210.81722 
210.92202 
211.22682 
211.53162 

Meters. 

213.36043 
213.66523 
213.97003 
214.27483 
214.57963 

214.88443 
215.lX923 
215.40403 
215.79883 
210.10363 

216.40843 
216.71323 
217.01803 
217.32283 
217.62764 

217.93244 
218.23724 

218.84684 
219.15164 

219.45044 
219.76124 
220.066(M 
220.37084 
220.67664 

220.98044 
221.281r24 
221.50004 
221.80484 
222.19964 

222.50445 
222.80925 
223.11405 
223.418% 
223.72385 

224.02845 
221.33325 
224.63805 
224.942,% 
225.24785 

225.56245 
225.85725 
226.16205 
226. 46685 
226.77105 

227.07046 
227.38125 
227.6R806 
227.99086 
218.29506 

218.54204 

741 

, 
~ 



TRIANGULA!MON I N  TEXAS. 

Metors. -- 
228.80046 

229.21006 
229.51486 
279.81866 

228.9052~ 

39 

Foot. 

800 

' 2 
3 
4 

I 

==== 
Feot. - 

750 
1 
2 
3 
4 

5 
6 
7 
8 
9 

760 
1 
2 
3 
4 

5 
6 
7 
8 
9 

770 
1 
2 
3 
4 

5 
6 
7 
8 
9 

780 
1 
2 
3 
4 

5 
6 
7 
8 
9 

790 

3 
4 

5 
6 
7 
8 
9 

; 

-_ 

274.32055 
274.62535 
274.93015 
275.23495 
275.53975 

275.84455 
276.14935 
276.45415 
276.75895 
277.0G375 

277.36855 
277.67336 
277.97816 
278.28296 
278.68776 

'278.89256 
279.19736 
279.50210 

280.11176 
279.8OG96 

2 8 0 . 4 1 ~ ~  
280.72136 
281.02616 
281.33096 
281.63576 

281.94056 
282.24536 
282.55017 
282.85497 
283.15977 

283.40457 
283.76937 

284.378W 
284.68317 

284.88857 
285.29337 
285.59817 
285.90297 
286.20777 

2116.51257 
286.81737 
287.12217 
287.42697 
287.73178 

288.34138 
288.64618 
288.85098 
289.25578 

284.07417 

2~8.03058 

. Lengths-Feet lo meters ( f rom 1 to 1000 units)-Continued. 

950 
1 
2 
3 
4 

5 
6 
7 
8 
9 

960 
1 
2 
3 
4 

5 
6 
7 

9 
a 

970 
1 . 2 
3 
4 

5 
6 
1 
8 

. 9 

98c 
1 

3 
4 

5 
6 
1 
L 
I 

99( 
1 
2 

1 
6 
7 
8 
9 

z 

5 

243.84049 
244.14529 
244.45009 
244.75489 
245.05969 

245.36449 
245.66929 
245.97409 
246.27889 
246.58369 

246.88849 
247.19329 
247.49809 
247.80290 
248.10770 

248.41250 
248.71730 

249.32690 
249.63170 

249.o22111 

850 
I 
2 
3 
4 

5 
6 
7 
8 
9 

860 
1 
2 
3 
4 

5 
6 

8 
9 

7 

__ 
Motors. (1 Fcot. -- 

259.08052 
259.38532 
259.68012 
259.99492 
260.29872 

260.60452 
200.90932 

261.51892 
261.21412 

261.82372 

262.12852 
262.43332 
262.73813 

283.34773 

263.65253 

264.26213' 
264.56693 
201.87173 

205.17653 
265.48133 
265.78613 

266.39573 

263.04za3 

263.95733 

2~~.09093 

900 
1 
2 
3 
4 

5 
6 

a 
7 
9 

910 
1 
2 

4 

5 

7 
8 
9 

920 
1 
2 

4 

3 

6 

3 

230.12446 
230.42926 
230.73406 

231.34366 

231.64840 
231.95326 

232.56287 
232.86707 

233.17247 
233.47727 
233.78207 

234.39157 

234.89847 
235.00127 

235.61087 
235.91567 

238.22047 
236.52527 

231.13487 
237.43967 

237.74448 
238.04928 
238.35408 
238.65888 
238.98368 

239.26848 
239.57328 
239.87808 
240.18288 
240.48768 

241.09728 
241.40208 

242.01168 

242.3184X 
242.62129 
242.92009 
243.23089 
243.63669 

~ 3 1 . 0 3 8 ~ 6  

232.2580~ 

234.05687 

235.30607 

236.83007 

240.~9248 

241.70688 

5 
6 
7 

9 

810 
1 

3 
4 

5 
6 
7 

9 

820 
1 

3 
4 

5 
6 
7 
8 
9 

830 
1 
2 
3 
4 

5 
6 
7 
8 
9 

a 

2 

8 

2 

840 

3 

1 
2 

4 

5 
6 
7 
8 
9 

ll .__-.-- 

249.93650 
250.24130 
250.54010 
250.85090 
251.15510 

251.46050 
251.76530 
252.07010 
252.37490 
252.67971 

Meters. // Foot. -- 

870 
1 
2 
3 
4 

5 
6 
7 
8 
9 

266.70053 

267.31013 
267.61494 
267.Q1974 

268. 22454 
268.52934 
268.83414 
269.13894 
269.44374 

267.00533 
5 

7 
8 
9 

930 
1 
2 
3 
4 

6 

252.98451 
253.28931 
253.59411 
253.88891 
254.20371 

254.50851 
254.81331 
256.11811 
255.42291 
235.72771 

256.03251 
256.33731 
256.64211 
256.94691 
257.25171 

257.65652 
257.86132 
268.16612 
258.47092 
258.77572 

Moters. 11 Foot. 

880 
1 
2 
3 
4 

5 
6 
7 
8 
9 

890 
1 
2 
3 
4 

5 
6 
7 
8 
9 

269.74854 
270.05334 
270.35814 

270.96774 

271.27254 
271.57734 
271.88214 
272.18694 
272.49174 

272.79055 
273.10135 
273.40615 
273.71095 

270.~02~~4 

274.01575 

- 
Metors. 

5 
6 
7 

9 

940 
1 
2 
3 
4 

5 
6 
7 
8 

8 

9 

289.50058 
289.80538 
290.17018 
290.47498 
290.77978 

291.38938 
291.09418 
291.99898 
292.30378 

292.60859 
292.91339 
293.21819 
293.52299 
293.82779 

294.13259 
294.43739 
294.74219 
295.04689 
295.35179 

295.65650 
295.06139 
296.26619 
296.57099 
290.87579 

297.48639 

298.09500 
298.39980 

29% 70460 
299.00840 
299.31420 
299.61900 
299.92380 

300.ZZS60 
300.53340 

301.14300 

291.08458 

297. is059 

297. 19n20 

300. a820 

301.44780 

301.75260 
302.05740 
302.36220 
302.66701 
302.97181 

303.27661 
303.58141 
303.88621 
304.19101 
304.49581 



40 

-- 
492.12500 
495.40583 
498.68667 
501.98750 
505.24833 

508.52917 
511.81000 
515.oooi13 
518.37167 
621.65250 

- - 
Me- 
ters. 

200 
1 
2 
3 
4 

5 
6 
7 
8 
9 

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
1 
2 
3 
4 

5 
6 
7 
8 
9 

20 
1 
2 
3 
4 

5 
6 
7 

9 

30 
1 
2 
3 
4 
5 
6 
7 
8 
9 

40 
1 
2 
3 
4 

5 
6 
7 
8 
9 

a 

328.0M33 
331.36417 
334.64500 
337.92583 
341.20667 

U. S. COAST AND GEODETIC SURVEY. 

Lengths-Meters to j ee t  (from 1 to 1000 units). 
[Reduction factor: 1 meter-3.280833333 feet.] 

150 
1 
2 
3 
4 

_____- 

Feet. E:;. 
___- /I 

180.44583 
183.72667 
187.00750 
190.28833 
193.56917 

3.28083 
6.56167 
9.84250 
13.12333 

16.40417 
19.68500 
22.96583 
26.24667 
29.52750 

32.80833 
36.08917 
39.37000 
42.65083 
45.93167 

49.21250 
52.49333 
55.77417 
59.05500 
62.33583 

85.61687 
68.89750 
72.17833 
75.45917 
78.74000 

82.02083 
85.30167 
88.58250 
91.8G333 
95.14417 

98.4wx) 
101.70583 
104.98667 
108.26750 
111.54833 

114.82917 
118.11000 
121.39083 
124.67167 
127.95250 

131.23333 
134.51417 
137.79500 
141.07583 
144.35667 

147.63750 
150.91833 
154.19917 
157.48000 
180.78083 

5 
6 
7 
8 

l 9  

50 
1 
2 
3 
4 
5 
6 
7 
8 
9 

60 
1 
2 
3 
4 

5 
6 
7 
8 
9 

IO 
1 
2 
3 
4 

5 
6 
1 
e 
9 

8C 
1 

4 
; 

4 
I 
5 

9[ 
I 
i 

4 

f 
I 
: 

360.89167 
364.17250 
367.45333 
370.73417 
374.01500 

377.29583 
380.57667 
383.85750 
387.13833 
390.41917 

393.7ooM) 
390.98083 
400.26167 
403.54250 
406.82333 

410.10417 
413.38500 
416.66583 
419.94667 
423.22750 

I I  

160 
1 
2 
3 
4 

5 
6 
7 
8 
9 

170 
1 
2 
3 
4 

5 
6 
1 
E 
s 

Feet. (1 

196.85000 
200.13083 
203.41167 
206.69250 
m.97333 

213.25417 
216.53500 
219.81583 
223.09667 
226.37750 

229.65833 
232.93917 
236.22000 
239.50083 
242.78167 

246.06250 
249.34333 
252.62417 
255.90500 
259.18583 

262.46667 
265.74750 
269.02833 
272.30917 
n5.59000 

278.87083 
282.15167 
285.43250 
288.71333 
291.99417 

295.27500 
298.55583 
301.83667 
305.11750 
308.39833 

311.67917 
314.96000 
318.24083 
321.52167 
324.80250 

II- 

110 
1 
2 
3 
4 

5 
6 
7 
8 
9 

120 
1 
2 
3 
4 

5 
6 
7 
8 
9 

130 
1 
2 
3 
4 

5 
6 
7 
8 
9 

140 
1 
2 
3 
4 

5 
6 
1 
e 
S 

524.93333 
528.21417 
531.49500 
534.77583 
538.05667 

641.33750 
544.61833 
547.899517 
551.18000 
554.46083 

210 
1 
2 
3 
4 

5 
6 
7 
8 
9 

674.14583 
577.42667 
580.70750 
583.98833 
687.26917 

590.55000 
593.83083 
597.lllG7 
600.39250 
601.67333 

606.95417 
610.23500 
613.51583 

620.07750 

626.83017 
029.92000 
633.20083 
636.48167 

639.76250 
643.04333 
646.32417 
649.60500 
652.88583 

610.79667 

623.35833 

' 5 
6 
7 
8 
9 

230 
1 
2 
3 
4 

5 
' 6 

7 

9 
a 

240 
1 
2 
3 
4 

5 

I 
5 

426.50833 
429.78917 
433.07000 
436.35083 
439.63167 

442.91250 
446.19333 
449.47417 
452.75500 
456.03583 

459.31667 
462.59750 
465.87833 
4G9.15917 
472.44000 

18C 
I 
i 

4 

5 

f 
t 
5 

19( 
1 
i 
: 
1 

557.74167 220 
561.02250 
664.30333 /i 
567.58417 3 
570.88500 4 

Feet. 

656.16667 
659.44750 
662.72833 
666.00917 
669.29000 

672.57083 
675.85167 
679.13250 
682.41333 
685.69417 

688.97500 
692.25583 
695.53667 
698.81750 
702.09833 

705.37917 
708.66000 
711.94083 
715.22167 
718.50250 

721.78333 
725.06417 

731.62683 
734.80867 

738.18760 
741.46833 
744.74917 
748.03MN) 
751.31083 

754.59167 
757.87250 
761.15353 
764.43417 
767.71500 

770.99583 
774.27667 
777.55750 
780.83853 
784.11917 

'787.40000 
790.88083' 
793.96167 
797.24250 
800.62333 

803.80417 
807.08500 
810.365R3 
813.64687 
816.92750 

iza.34500 



.== 
Me- 

tors. 

250 
1 
2 
3 
4 

5 
6 
7 
8 
9 

260 
1 
2 
3 
4 

5 
6 
7 
8 
9 

270 
1 
2 
3 
4 

5 
6 
7 
8 
9 

280 
1 
2 
3 
4 

5 
6 

9 1  

- 

’ s ‘  

TRIANGULATION IN TEXAS. 

Lengths-.Meters to feet  (from 1 to 1000 units)-Continued. 

290 
1 
2 

Feet. 11 $ 

951.44167. 340 
954.72250 1 
958.00333 2 

5 
6 1  
7 
8 
9 

984.25000 
987.53083 
990.81167 
994.09250 
997.37333 

1000.65417 
L’003.93500 
(007.21583 

010.49667 
(013.77750 

350 
1 
2 
3 
4 

5 
6 
7 
8 
9 

820.20833 
823.48917 
826.77000 
830.050.53 
833.33167 

836.61250 
839.89333 
843.17417 
846.45500 
849.73583 

853.01667 
856.29750 
859.57833 
862.85917 
866.14000 

869.42083 
872.70167 
875.98250 
879.26333 
882.54417 

885.82500 
889.10583 
892.38667 

898.94833 
895.66750 

Fcct. 11 
301 

; I 

8 

! 

! 
I 
! 

31! . 
; 
: 
4 

I 
! 
I 

’ ! 

321 
1 
; 
1 
: 

l 148.29167 
1’151.57250 
1’ 154.85333. 
1’158.13417 
1~161.41500 

1 164.69583 
1’ 167.97667 
1’171.25750 
1’174.53833 
1: 177.81917 

1 1 8 1 . 1 ~  
1’184.38083 
1’ 187.66167 
1:190.94250 
1,194.22333 

1 197.50417 
1’200.78500 
1:204.06583 
1 207.34667 
1:210.62750 

1 213.90833 
1’217.18917 
1’ 220.47000 
1: 223.75083 
1,227.03167 

1 230.31250 

1’236.87417 
1’ 240.15500 
1:243.43583 

1 246.71667 
1’249.99750 
1:253.27833 
1,256.55917 
1,259.84000 

,266,40187 . 260.68250 
1:272.96333 ., 276.24417 

,279.62500 
,2s2.80583 
,286.08067 
,289.36750 
.,292.64833 

1,295.92917 
1,299.21000 
1,302.49083 
1,305.77167 
1,309.05250 

1’ 233.59333 

1,263.12083 

40j . 
: 
: 
I 

: 
1 
t 
I 

41( 

; i 
1 

! 

1 
I 
I 

42( 
1 
i 
: 
1 

: ‘ 
I 

43t 
I 

‘ i 
i 
4 

: 
6 
7 
8 
9 

440 
1 
2 
3 
4 

5 
6 
7 
8 
9 

I 312.33333 
1’315. 61417 
1’31.5. 89500 
1:322.17583 
1,325.45667 

1 328.73750 
1’ 332.01833 
1’335.20917 
1;338.58000 
1,341.86083 

1 345.14167 
1‘348.42250 
1’ 351.70333 
1: 354.98417 
1,358.26500 

1 361.54583 
1: 364.82667 
1,308.10750 
1’371 38833 
1:$74:66917 

1 381.23083 
1:384.511ti7 
1 387.79250 
1: 391.07333 

1 394.35417 
1’397.63500 
1’400.91583 
1’ 404.19667 
1:407.47750 

1 410 75833 
1’414:03917 
1’417.32000 
1’420.Goo83 
1:423.88167 

1,427.16250 
,430.44333 
,433.72417 
,437.00500 

1,377.95000 

,440.28583 

,090.0791: 
102.36000 
105.64083 
108.92167 
112.20250 

I 116.48333 
1’ 118.76417 
1’ 122.04500 
(125 32583 
1: 128: 60067 

458 

, 
: 

I ’ 
I ’ 

461 

, 
: 

! 
I ’ 
I 
! 

471 
; 
: 

! 

1 
481 

. 
’ 
k 
7 
8 
9 

1 131.88750 
1’135 16833 
1’ 13x1 44917 
1’141.73000 
1; 145.01083 

,017.05833 
,020.33917 

,020.90083 
.,030.18167 

‘,033.46250 
,036,74333 
,040.02417 
,043.30500 
,046.581583 

,OZ~.GZOM) 
36; 

3 
4 

5 
6 
7 

’8 
9 

z 

4 1  

,049.86667 
,053.14750 

,059.70917 
,062.99000 

,066.27083 
,069.55167 
,072,83250 
,076.11333 
,079.38417 

,082.67Mx) 
,085.95583 
,089.23687 
,092.51750 

,115~42833 

,095.79833 

Il- 

370 
1 

3 
4 

5 
6 
7 
8 
9 

380 
1 
2 
3 
4 

2 

802.22917 
905.51000 
908.79083 
912.07167 
915.35250 

! 

1 
I 
I 

918.63333 
921.91417 
925.19500 
928.47583 
931.75667 

935.03750 
938.31833 
941.59917 
944.88000 
948.100m 

41 

-___ -- 

Feet. 

33( 
I 
i 
: 
4 

: 
6 
7 
8 
9 

1 476.37500 

1 4S2.93667 
1’ 486.21750 

1: 479.65583 

1: 489.49833 

1 492.77917 
1’496 00000 
1’ 499: 34083 
1’502.62167 
1: 505.90250 

1 509.18333 
1’512.46417 
1’515.74500 
1’519.02583 
1: 522.30667 

1 525.58750 
1’528.86833 
1’ 532.14917 
1: 535.43lMM 
1,538.71083 

1 541.99167 
1’545.27250 
1’548.55333 
1’551 83417 
1: 655: i1500 

1 658.39583 
1;561. 67667 
1,564.95750 
1 568.23833 
1: 671.51917 

1 574 Boo00 
1: 578:08083 
1,581.36167 
1 584.64250 
1: 587.92333 

1,591.20417 
,594.48rn 
,597.76583 
,601.04667 
,604.32750 

1 607 60833 
1’610:88917 
1:614.17000 
1 617.45083 
1: 820.73167 

1,624.01250 
1,627.29333 
1,630.57417 
1 633.85500 
1: 697.13583 

3 
4 

5 
6 
7 
8 
9 

961.28417 3 
964.56500 4 

967.84583 5 
971.12667 6 
974.40760 7 
077.68S3Y 8 
980.96917 9 

,443.56667 
,446,84750 
,450,12833 

,456.Gwxx) 
,458.40917 

490 
1 
2 

4 
3 



42 

- 
M C -  
tors. 

500 
1 
2 
3 
4 

5 
6 
7 
8 
9 

510 
1 
2 
3 
4 

5 
6 
7 
8 
9 

520 
1 
2 
3 
4 

5 
6 
7 
8 
9 

530 
1 
a 
3 
4 

5 
6 
7 
8 
9 

540 
1 
2 
3 
4 

5 
6 
7 
E 
s 

U. S. COAST AND GEODETIC SURVEY. 

Lengths-Heters to feet (from 1 to 1000 units)-Continued. 

,640.41667 ., 643.69750 
6.16.97833 

I: 650.25917 

I 656.82083 
l’GG0. 10167 
1’663.38250 
L‘666.68333 
1:669.94417 

1 673 E500 
1’676:50583 
1: 679.78667 
1 683 06750 
1; G86134833 

I 689.62917 
I’ 692. 9 l W  
1: 696.19083 
1 699.47167 
1: 702.75250 

1 706.03333 
1’ 709.31417 
1’712.59500 
1: 715.87583 
1,719.15687 

1 722.43750 
1: 725.71833 

1’732.28000 
li735.58083 

1 738.84167 

1’745.40333 
1’748 68417 
1:751:96500 

1 755.24583 
1’ 758.52607 
1’ 761.80750 
1: 766.08833 
1,768.36817 

1771 85ooo 
1’ 774: 93083 

1 781 49250 

1 ‘188.05417 
1’791 33500 
1: 794: 61583 
1 797 89667 
1; Wl: 177M) 

.,653.54000 

1 7 2 8 . ~ 1 7  

1‘ 742.12250 

1: 77m.21107 

1: 784: 77333 

550 
1 
2 
3 
4 

5 
6 
7 
8 
9 

560 
1 
2 
3 
4 
5 
6 
7 
8 
9 

570 
1 
2 
3 
4 

5 
6 
1 
E 
9 

58C 
I 
1 

4 

r 
t < 

59( 
I 
1 

1 

! 
I 
5 

I 804 45833 
1’ 807: 73917 

1‘ 814: 30083 
1:817.58167 

1 820.86280 
1: R24.14333 
1 827.43417 
1’ 830.70500 
1:833.98583 

1 837 26667 
1’840:54750 

1’847: 10917 
1:850.3’XKw) 

1 853.67083 
1: 856.95167 
1 8G0.23250 
1’ 863.51333 
1: 866.79417 

1 870.07500 
1’873.35583 
1’876.63667 
1:879.91750 
1,883.19833 

1 886.47917 
1’889.76000 

1’896.32167 

1 902.88333 
1’906.16417 
1’909.44500 

1,916.00667 

1 819.28750 
1:922.5GX33 

1:929.13M)o 
1,932.41Of3 

1 935.69167 
1’938.97250 
1’942.25333 
13945.63417 
1,948.81500 

1 952.09583 
1’955.37667 
1’ 958.65750 
1:961.93833 

1’811 02000 

1’843 82833 

1’893.04083 

1: 889.00250 

1:912.725~3 

1 925.84917 

1,965.21917 

II 
600 
1 
2 
3 
4 

5 
6 
7 
8 
9 

610 
1 
2 
3 
4 

5 
6 
7 
8 
9 

620 
1 
2 
3 
4 

5 
6 

- 7  
8 
9 

630 
1 
3 
3 
4 

5 
6 
7 
0 
9 

64C 
1 
2 
3 
4 

5 
€ 
7 
E 
s 

II- 
1 968.50000 
1: 971.78083 
1 975.06167 
1’ 978.34283 
1: 981.62333 

1 984.90417 

1’691.40583 
1: 994.74667 
1,998.02750 

2’004.58917 

2’ 011.15083 
2:014.43167 

2 017.71250 

2’034.27417 
$027.55500 
2: 030.83583 

2 034 11667 
2’037: 39750 
2’040.67833 
2’043.95917 
2: 047.24000 

2 050.52083 
2’053.80167 d 057.08250 
2:063.64417 

2 066.02500 
2’ 070.20583 
2’ 073.48667 
2’ 076.76750 

2 083.32917 

2’093.17167 
2: 090. 45250 

2 099.73313 
2’103 01&7 

2 109.67583 
2: 112.85667 

2,116.15750 
2 119.41833 
2’ 122.69O17 
2’125.9Kwo 

L’988.18500 

2 031.30833 

11007.87000 

2’ 020.99333 

2’ OBO. 36333 

2; 080. 04838 

2‘080.61000 
2’ 089.89083 

2: 100.20600 

2; 129. z m  

650 
1 
2 
3 
4 

5 
6 
7 
8 
9 

660 
1 
2 
3 
4 

5 
6 
7 
8 
9 

670 
1 
2 
3 
4 

5 
6 
I 
8 
9 

680 
1 
2 
3 
4 

5 
6 
7 
8 
9 

690 
1 
2 
3 
4 

5 
6 
7 
8 
9 

2 132 54167 
2’ 135382250 
2: 130.111333 
2 142.38417 
2~145.605lW 

2 148.945% 11 
2: 152.221367 
2,155.50750 
2 15X.788.13 
2: 102.06917 

2 165.35000 

2 171.91167 
2’ 175.19250 
2: 178.47333 

2: 168. 63083 

2 181.75417 
2’ 185.03500 
2’188.31583 

2: 194.87760 
2’ 191.59667 

2 198.15833 
2’ 201.43917 
2’ 204.72000 
2’208.00083 
2: 211.28167 

2 zi4.~02jo 

2: 2-24; 405~) 

2’ 217.64333 
2’221 12417 

2,227. ti8583 

2 230 86667 
2’ 234: 24750 
2’ 237.52833 
2: 244.09000 
2’ 240.808i7 

2,247.37083 
2,250. (15167 
2,253.93250 
2 257.21333 
2: 260.49417 

2 263 77500 
2’ 2137: 06583 
2’270 33007 
2: 273: 61760 
2,276.89838 
2 280.17917 
2: 2x3.4oooO. 
2 286.74083 
2’ 290.02167 
2:293.30260 

700 
1 
2 
3 
4 

5 
6 
7 
8 
9 

710 
1 
2 
3 
4 

5 
6 
7 
8 
9 

720 
1 
2 
3 
4 
5 
6 
I 
0 
9 

1 
2 
3 
4 

5 
6 
7 

s 
741 

I 
2 
2 
4 

7311 

a 

I 

t 
5 

Feat. 
-- 
2 296 58333 
1) 299: 86417 
1)303.145oO 
$300.42583 
2: 309.70667 

2 312 98750 
1) 316: 26U33 
2’319.54017 
2: 322.83Mx) 
2,326.11083 

2 329.39167 
2’332.67250 

2’339.23417 
2: 342.51600 

21 335.95333 

2 345.79583 
2’349.07667 
2:352.35750 
2,355.83833 
2,358.91917 

2 302.2oooO 
2’ 3G5.48083 
2:368.76107 
2 372.04250 

2 378.60417 
2’381.88500 
2’385.16583 
2’388 44607 
2:391:72750 

2;375.32333 

2 411.41250 
2’414 69333 
2’417197417 
2’ 421.25500 
2: 424.53583 

2 427.81667 
2’ 431.09750 

2: 437: 135917 
2,440.94000 

2 444.22083 
2’ 447. 60167 
2’ 460.78250 
2’454.06333 
2:457.34417 

2) 414 378’33 



-_ - -. 
Me- 
ters. 

750 
1 
2 
3 
4 

‘ 5  
6 
7 
8 
9 

760 
1 
2 
3 
4 
5 
6 
7 
8 
9 

770 
1 
2 
3 
4 
5 
6 
7 
8 
9 

780 

\ 

2,473.74833 
2 477.02917 
2:480.31000 
2 483.59083 
2: 486.87167 
2,490.15260 

2,490. 71417 
2 499.90500 
2’ 5b3.27583 
2: 506.55667 
2 508.83750 
2’513.11833 
2’516 39917 
2:519:68000 
2,522.9608a 

2 526.24167 
2: 529.52250 
2 582.80333 
2: 536. 08417 
2,539.36500 
2 542 64583 
2’ 545: 92667 
2’ 549.20750 
2’652.48833 
2: 555.76917 

2,493.43333 

TRJANGULATION I N  TEXAS. 

Lengths-Meters lo feet  (frQm 1 to 1000 units)-Continued. 

4 
5 
6 
7 
8 
9 

810 
1 
2 
3 
4 
5 
6 
7 
8 
9 

820 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Il- 

2,641.07083 
2 614.35107 
2: 647. 03250 
2 650.91333 
2: 654.19417 

5 
6 
7 
8 
9 

2 805.11250 
2’ 808.39333 
2:811.67417 
2,814.95500 
2,818.23583 

5 
6 
7 
8 
9 

5 1 2 Go8.28250 11 1 
6 2’611 54333 6 
7 2’614:82417 7 

9 2:621.38583 9 
8 2’018. io600 

2’962.59250 
2: 965.87333 
2 969.15417 
2’972.43500 
2’975.71583 
2’978.99667 
2: 982.27750 

2 985.55833 
2’988 83917 

2’885.40083 
2:698.68167 
3.001.96250 
3‘ 005.24333 

3:015.08583 

3 018.36667 
3’021.64750 
3: 024.92833 
3,028.20917 
3,031.49000 
3 034.77083 
3:038.05167 
3 041.33250 

3,047.89417 

3: 054.45583 
3,057.73667 
3 061.01750 

3 067.57917 
3’070.86000 
$074.14083 
3’077.42167 
3;080.70250 

3 083 98333 
2)087’26417 
3:090:54500 
% 093.82683 
1:007.10857 
3 100.38750 ii 103.66833 
I 100.94917 

I, 113.51083 

2’902:12000 

3: 008. 52417 
3 011.80500 

3:044.61333 

3 051.17500 

3:064.29833 

1:110.23000 

: 
4 
: 
f 
5 
I 
5 

96( 
I 
2 
3 
4 
5 
6 
7 
e 
9 

97C 
1 
2 
3 
4 
5 
6 
7 

9 
8 

980 
1 
2 
3 
4 
5 
6 
7 
8 
9 

990 
1 
2 
3 
4 
5 
6 
7 
8 
9 

2 657.47500 
2’660.75583 
2’664.03067 
2’667.31750 
2: 670.59833 
2 673.87917 
2’677 16000 
2’680:4408 
2’683.72167 
2: 687.00250 

860 
1 
2 
3 
4 
5 
6 
7 
8 
9 

2,821.51667 
2 824 79750 
2’828:07833 
2’ 831.35017 
2:834.04000 
2 837.92083 
2’841 20167 
2’ 844: 48250 
2’847.76333 
2: 851.04417 

2 854.32500 
2’857.6058 
2;860.88667 
2 864,16750 
2:867.44883 

. ~ 

I I  

910 
1 
2 
3 
4 
5 
6 
7 
8 
9 

920 
1 
2 
3 
4 

mot. / /  

2,690.28333 
2 693.56417 
2:GQG.84500 
2 700.12583 
2:703.40667 
2 706.68750 
2:709.96833 
2,713.24917 
2,710.53000 
2,719.81083 

11- 

870 
1 
2 
3 
4 
5 
6 
7 
8 
9 

2 870.72917 
2’874.01000 
2’877.29083 
2’ 880.57187 
2:883.85250 

5 
6 
7 
8 
9 

2;559.05000 

2 2’5G5.61167 
3 2’568.89250 
4 $572.17333 
5 2 575.45417 
6 2’578.73509 
7 2:582.01583 
8 2 585 20667 
9 2:588:57760 

’ 830 

2 
3 
4 
5 
6 
7 
8 
9 

2 739.49583 
d742.77667 
2’746 05750 

2: 752: 61917 

2 ,755 .9m 
2 759.18083 
E)762.46167 
2:765.74250 
1,769.02333 

11775.5R500 
1: 778.86583 
2,782.14067 
1,785.42750 

21749‘33833 

2 772.30417 

Foot. 11 

5 
6 
7 
8 
9 

890 
1 
2 
3 
4 

6 
7 
8 
9 

5 

I l- 

2 803.53750 
2’905 81833 

2 913.38000. 
2:916.66083 

2 : ~ i n : m i 7  

. 5 
6 

8 
9 

7 

43 

.. __ 

Foot. 

3,116.79167 
3 120.07250 

3’ 126. 63417 
3: 129.91500 
3 133.195S3 
3: 136. 47667 
3 139 75750 
3:143.03833 
3,146.31917 

3 149.60000 
3’152 88083 
2’ 156.16167 
3: 159 44250 
3,162.72333 
3 166.00417 
3: 169.2R500 
3,172.56583 
3 175.84667 
3: 179.12750 

3,182.40833 
3,185.68917 
2 188.97000 
3: 192.25083 
3,195.53167 
3,198. 81250 
3,202.09333 
3 205.37417 
3’208.65500 
i:211.93583 

3 215.21667 
3:218.49750 
3 221.77833 
3’225.05917 
3: 228.34000 
3,231.62093 
3 234.80167 

3:241 46333 
3,244.74417 

3 248.02500 
3: 251.30583 
3 254.58067 
3’ 257.86750 
3: 261.14833 
3,264.42817 
3 267.71000 
3’ 270.69083 
3’274.27167 
3:277.55250 

3’123 35333 

3’ 23s. 18w) 

790 
1 
2 
3 
4 

2 691.85833 840 
2:505.13917 1 
2 598.42000 2 
2’801.70983 3 
2:6n4.98107 4 

2,930.34583 
2,939.62667 
2 942.90750 
2’946 18833 
2:949: 46917 

5 
6 
7 
8 
9 



44 U . S . COAST AND GEODETIC SURVEY . 
GEOGRAPHIC 20 SITIONS . 

Ninety-eighth meridian. Alice to Rio Grande and Point Isabel . 

0 , ,, 
27 43 41.237 
97 56 24.473 

27 38 38.960 
98 03 06.241 

27 33 06.739 
97 56 26.. 897 

27 34 13.549 
97 46 17.798 

27 24 08.364 
97 56 25.988 

Station . 

...... 

D t I ,  

1269.3 
670.4 

1199.2 229 46 18.5 
171.1 

207.4 133 03 46.5 
737.9 180 11 41 . i 
417.0 83 01 23 . ( 
488.2 106 31 23.C 

136 27 24.( 

257.4 179 54 49 . ‘i 
714.0 221 49 62.C 

Principal points . 
Wood. 1904 ......... 

Alice, west base, 1900 

King. 1913 ......... 

Bishop, 1913 ........ 

0 I I1 

49 49 25.42 

Ricardo. 1913 ....... 

Kleberg. ece. 1913 ... 

Mdm8 . 

WOO& ......... 14414.33 4.1587Q14 

Riviera. 1913 ....... 

.Robbin?,. 1913 ....... 

313 00 41.24 
0 11 42.38 

262 56 41.19 
286 23 36.28 
316 22 42.53 

359 54 49.33 
41 54 32.77 

267 12 21.17 
320 28 21.32 
11 16 33.96 

335 28 22.30 
31 19 03.46 

264 39 48 81 
297 58 39: 05 
328 42 16.65 

350 11 50.34 
39 31 49.97 

278 26 29.08 
315 26 13.68 
368 00 30.27 

356 30 13.25 
41 51 08.67 

181 30 05.29 
328 12 13.33 

8 08 01.58 

4 04 03.73 
39 19 57.46 

270 07 17.79 
326 42 00.18 
358 53 34.31 

5 97 69.45 
38 49 05.05 

278 43 56.55 
331 19 41.10 

4 54 02.62 

7 27 42.64 
43 35 32.20 

371 27 03.72 
122 07 52.28 
154 59 12.01 

147 21 13.59 
37 05 27.81 

3G8 53 61.21 
112 44 12.86 
153 61 44.47 

158 30 49.12 
36 36 01.61 

!69 47 18.77 
129 30 06.44 
10 42 14.24 

Roza. 1913 .......... 

Sarita. 1913 ........ 

Alice westbase 14983.48 4 1756128 

King .......... 16835.57 4.2262278 
Alice westbase 28834.M 4 4599146 

King .......... 16571.00 4 2193486 
Bishop ........ 25014.M 4:5981942 

Ricardo ....... 13135.62 4.1184507 
King .......... 20653 . 68 4.314N75 
Bishop ....... 18347.73 4.2636823 

Ricardo ....... 13161.37 4.1193011 
Kleberg, ecc .. 14755.86 4.1689614 

Riviera 14576.63 4.1036573 
Ricardo::: 1::: 22020.03 4 3544931 
Kleberg, ecc .. 13176.39 4: 1197987 

Riviera ....... 13649.91 . 4.1351297 
Robbins ...... 19178.37 4.2828116 

Roza .......... 12929.57 4.1115811 
Riviera ....... 21539.16 4.3332287 
Robbins ...... 16712.70 4.2230465 

Roza .......... 15197.04 4.1817590 
Sarita ......... 17799.88 4.2501171 

Turcotte ...... 9898.62 3.9065748 
R O Z ~  .......... 20168 . 49 4.3040734 
Sarlta ......... 15396.35 4.1874177 

Turcotte ...... 15184.34 4.1813958 
Kanedy ....... 17019.22 4.2309397 

Katherine ..... 11042.23 4.0130567 
Turcotte ...... 18150.65 4.2588922 
Kenedy ....... 13199.40 4.1205542 

Katherine ..... 15848.27 4.1999819 
Armstrong .... 20192.27 4.3051852 

Vinson ........ 11283.21 4.0528172 
Rntherinc ..... 19926.42 ‘4.2994293 
Armstrong .... 17622.38 4.2435931 

Vinson ........ 15744.80 4.1971373 
Norias ........ 19171.69 4.2826c82 

Stillman ...... 14475.79 4.1606422 
Vinson ........ 20243.18 4.3062788 
Norias ........ 14321.70 4.1559947 

Btillman ...... 15444.18 4.1887648 
Yturria ....... 18410.38 4 . U152043 

Bronner ...... 12663.43 4.1025514 
Stillman ...... 21841.69 4.3392803 
Yturria ....... 14541.04 4.1625954 

Brenncr ...... 16275.31 4.2116292 
Raymond ..... 20554.45 4.3129000 

Wood ......... 19530.20 4:B070G6 

WOO$ ......... 24122.08 4:3824148 

Hidalgo ....... 9140.81 3.9609849 
Bronnor ...... 18842.78 4.2761449 
Raymond ..... 10768.12 4.2244844 

Turcotte. 1913 ...... 

Kenedy. 1913 ....... 

27 02 09.436 
97 61 09.263 

27 01 05.185 
97 45 17.397 

26 53 57.316 
97 51 48.294 

Katherine. 1913 ..... 

Armstrong. 1913 .... 

290.4 176 30 28 . i 
255.3 221 47 52.4 

159.6 101 32 45.1 
479.6 148 15 08.C 

188 07 25 . C 

1764.0 184 03 46.C 
1332.7 219 17 00.1 

Vinson. 1913 ........ 

Noriss. 1913 ......... 

Stillman. 1913 ....... 

Yturria. 1913 ........ 

Brennor. 1913 ........ 

Raymond. 1913 ...... 

Hidalgo. 1913 ........ 

Sobastian. 1913 ....... . 

I 

191 15 33.t 

148 44 11.C 

27 10 22.282 685 8 170 12 28.S 
97 51 42.8871 1180:~ 219 28 27 . ( 

178 53 38.5 

26 45 25.006 769 6 185 47 33.2 
97 52 46.2571 1278: 11 218 45 38.3 

26 44 29.137 896.7 98 46 58.3 
97 46 02.325 64.2 151 22 17.1 1 I 184 53 38.1 

174 59 32.3 

173 62 09.5 

190 41 24.2 

1 Tostation . 1 I ri%??bf . distance . 



TR6ANGULAT"ION IN TEXAS . 45 

Ninety-eighth meridian. Alice t o  Rio Grande and P o i n t  Isabel-Continued . 

-1-1 l 

Station . 

0 . . .  0 . .. 
26 12 23.019 708.4 181 56 29.77 
97 52 00.036 1.0 214 20 10.19 

26 11 06.904 212.5 101 46 36.83 
97 45 14.510 402.9 146 41 35.67 

174 19 58.43 

26 05 07.703 237.0 179 43 23.12 

26 05 22.626 696.3 87 45 39.80 
97 44 59.813 1662.2 137 58 05.62 

177 47 39.00 

26 09 40.459 1245.1 254 21 47.32 
98 02 45.414 1261.3 294 58 02.54 

26 04 24.807 763.4 134 07 54.34 
97 56 44.751 1243.8 208 14 12.53 

260 35 12.99 

25 59 21.524 662.4 177 51 58.91 
98 02 19.864 552.5 224 55 63 . l e  

25 59 18.835 579.6 196 53 00.07 
08 06 14.478 402.7 239 14 15.21 

269 15 32.61 

20 04 37.175 1144.0 96 28 49.02 
97 37 34.855 968.7 133 14 00.8s 

26 10 43.8% 1350.3 18 18 19.54 
97 35 20.637 570.3 58 28 14.96 

92 29 47.31 

26 03 09.258 284.8 105 23 3 4 %  
97 31 40.780 1133.6 156 26 10.04 

26 08 45.570 1402.4 29 34 51.41 
97 28 09.472 263.1 64 05 13.41 

106 56 30.0€ 

26 00 13.287 408.9 107 42 29.4; 
97 21 29.451 819.0 144 49 52.8C 

26 06 19.429 597.9 18 15.28.3f 
97 1 9  15.795 438.9 74 15 44.6! 

106 54 24.8, 

97 51 57.704 1803.7 225 21 07.88 

27 45 03.39 104.3 280 49 32 
98 04 25.88 708.7 349 32 49 

27 44 58.95 1814.5 280 28 30 
98 04 15.36 420.7 350 47 55 

Principal points- 
Continued . 

Mercedes. 1913 ...... 

Emlingen. 1013 ..... 

27 34 54.542 1678.8 4 14'18.7 
07 47 36.448 999.8 36 11 43.1 

77 11 17.9 
138 16 38.6 
300 19 01.3 

27 31 08.037 247.4 29 05 17.0 
97 52 04.454 122.2 116 55 04.3 

238 59 58.3 
334 12 31.1 

27 30 59 168 1821.2 28 50 20.2 
97 52 12: 593 345.7 119 22 58.6 

238 24 07.5 
332 50 58.2 

27 30 58.660 1805.5 28 00 40.5 
97 52 21.489 589.8 120 21 41.9 

238 57 53.2 
331 54 09.7 

Mmfa. 1913 .......... 

utla.1913 .......... 

lidalgo ....... 
iebastian ..... 
dercedes ...... 
bebastian ..... Iidalgo ....... 

Donna. 1913 ......... 

Ria, 1913 ............ 

Meter8 . 
14052.72 
17049.77 

11500.38 
19613.08 
16498.24 

Olmito.1913 ........ 

Resaca. 1913 ........ 

&aria ......... 
dercedes ...... 
iarlingen ..... 

Arista.1885 ......... 

Point Isabel wesi 

Supplementury 
point.3. 

A l i c e  C a t h o l i c  
Church spire. '191: 

Alice standpipe. can 
ten;' 1913 . 

BLhop standpipe 
1R13 . 

base. 1906 . 

11622.30 
17424.30 
10602.5E 

a g s v i l l e  Presbyte 
rian Church steopl 
1913 . 

Ionno ........ 
dercodes ...... 
daria ......... 
)onna ........ 
l i o  ........... 

mngsviiie Henriett 
ad . Kin; School 
cupola. 1913 . 

13955.84 
16706.8f 
8086.U 

1906O.OC 
13187.7f 

Donna ........ 
Zio ........... 
ronaeitas ..... 

19992.54 
18427 . 64 
6525 . % 

atla .......... 
Barlingen ..... 
3enit.o ........ 
tImlingen ..... a t l a  .......... 

Back 
azimuth . 

12444.8: 
17518.4( 

11885.7: 
18886.0F 
16508.E 

0 . .. 
1 56 37.38 

34 22 43.68 

281 43 37.81 
I26 38 43.85 
354 19 32.44 

359 43 22.09 
45 24 05.59 

167 42 36.03 
317 55 00.42 
357 47 32.52 

74 20 32.10 
115 02 47.74 

314 05 15.57 
28 16 17.9i 
80 37 19.16 

357 51 47 .BE 
44 5s 20.2 

16 54 31.N 
59 18 25.24 
89 17 15.42 

276 25 33.31 
313 10 38.4< 

198 17 20.31 
238 23 59.71 
272 25 25.2 

285 20 59.21 
336 24 33.3: 

208 33 18.4! 
244 01 04.5: 
286 63 19.w 

287 38 01.1: 
324 46 57.0( 

198 14 29.a 
254 10 17.U 
288 50 29.8' 

100 53 16 
169 33 26 

100 32 18 
170 48 27 

184 13 54.7 
216 07 38.7 
257 07 12.4 
318 12 33.5 
120 19 37.7 

209 03 16.4 
206 53 03.0 
59 02 38.6 

154 14 10.7 

208 48 23.3 
209 21 01.0 
58 26 51.5 

152 52 41.5 

207 58 47.8 
300 19 48.5 

69 00 41.4 
151 55 57.2 

)lmito ........ 
:owgill ........ 
3lmito ........ 
Resaca ........ 
(Lrista ......... 
3lmito ........ 
Resaca ........ 

Bodto ........ 

Wood ......... 
Alice west base 

11899.21 
17470.0( 
12513 .If 

17839.3) 
19290.71 

11864 . U 
21516.01 
15403.3: 

134% . 3 
12032.4 

dercedes ...... ' 13396.46 
Imlingen .... .I 15736.48 

Kleborg. ccc ... 
Ricardo ....... 
King .......... 
Wood ......... 
Bishop ........ 

19308.6 
24G34.9 
14924.7 
21732.4 
2499.2 

dorcedes ...... I 18605.72 
daria ......... 19855.97 

Ricardo ....... 
King .......... 
Bishop ........ 
Weberg, ecc ... 

14779.3 
8075.2 

11093.6 
13641.5 

Ricardo ...... 
Icing .......... 
Bishop ........ 
meberg. ecc ... 
Ricardo ....... 
King .......... 
Bishop ........ 
Kleberg, ecc ... 

14432.3 
8007.0 

11426.3 
13496.7 

14302.4 
7803.1 

11643.0 
13596 . 1 

Benito ........ 10206.W 
:owgill ........ 15264.6! 

Wood ......... 13117.0 
Alice west base 11848.7 

-~ . 
Loga- 
lthm of 
Lstance . 
. 

. 1477605 . 2317185 

. 0607120 

. 2925458 . 2174376 

. 1269901 . 1969078 

. 0652955 . 2411554 . 0254117 

. 2696465 . 2978912 

. 1447561 
I . 2228956 
8.9077416 

. 2801228 . 1201721 

1 . 3008679 
1 . 2654608 
1 . 8146461 

1.0949887 
1.2434945 

1 . 0750256 
1 . 2761419 
1 . 2177115 

I.0088937 
1.1836870 

1.0755181 
1 . 2422845 
1 . 0973675 

1 . 2513791 
1.2853497 

1.0742379 
1. 3327632 
1 . 1901445 

1.127925 
I . 080354 

1.117833 
1.073672 

i . 285750 
1.301550 
1 . 173905 
1.337107 
3.397801 

4.160055 
3.907151 
4.045074 
4.134863 

4.150337 
3.903469 
4.057906 
4.130228 

4.155408 
3.892265 
4.066066 
4.133413 

1 NO chock on this position . 
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Supplementary 
points-Contd . 

Kingsville Methodist 
Church steeple. l 
1913 . 

Kingsville F r i s c o 
Railroad s h o p s 
(taller of two metal 
stacks).l1913. 

Ricardo schoolhouse. 
center of cupola. l 
1913 . 

Riviera schoolhouse 
cupola. 1913 . 

U . S . COAST AND GEODETTC SURVEY . 
Ninety-eighth meridian. Alice to Rio Grande and P o i n t  IsabeL-Continued . 

0 I .. 
27 30 59.04 
97 52 16.82 

27 30 40.53 
97 52 16.53 

27 25 27.33 
97 51 15.50 

27 17 48.67, 
97 48 35.27! 

Latitude 

longitude . Station . 1 and 

Meters . 
7908.0 

11527.4 
3.898067 
4.061732 

Saritastandpipo. 1913 27 13 25.41: 
97 47 34.931 

1247.5 
453.7 

841.2 
425.8 

123 14 36' 
236 18 27 

303 12 40 
56 21 13 

74 06 50 
291 22 20 

254 04 27 . 111 23 37 

8213.0 
11826.9 

8868.8 
4929.4 

Katherine. railroad 26 55 24.30 
water tank. 1 1913 . I 97 47 32.31 

3.914503 
4.072870 

3.947883 
3.692793 

Windmill (+ mi . 26 47 34.12 
97 46 20.81 NNE . of Norias's 

house),' 1913 . 

17434.5 
12321.3 
7113.2 

4.241409 
4.090656 
3.852063 

Harlingcnstandpipc. 26 11 40.631 
1913 . 197 41,55.43! 

782.2 
961.2 

1370.0 
1400.0 

408.1 
1228.5 

143 36 46.7 
210 23 40.2 
321 39 43.1 

10 33 02 
160 05 53 

122 22 23 
248 29 20 

323 32 43 . ( 
30 25 09 .I 

141 41 22 . : 
190 32 31 
340 05 13 

302 20 50 
68 30 27 

24592.9 
10622.6 
9612.4 

Heidolberg church 26 11 51.361 
stwplo. 1913 . 97 52 53.54: 

4.390809 
4.026232 
3.082833 

La Pcria #unpins 26 03 OS.? 
station rst liIt 97 49 50.77 
brick stack. 1913 . 

Kenedy ranch oil 
well derrick. $1913 ~ 

27 14 44.51 
97 42 50.89 

Santa Maria Catholic W 04 !27 . 7% 
Churchstecple. 1013 97 50 17.021 

10147.0 
7154.6 

6080.6 
4360.4 

7553.8 
4810.5 

11133.1 
5743.5 

10801.2 
4979.0 

6105.5 
8287.5 

oyF Azimuth . . 
neters . 
Set- I I 

4.006338 
3.854584 

3.824814 
3.639526 

3.878163 
3.682190 

4.048616 
3.759174 

4.033473 
3.697143 

3.785722 
3.918425 

1817 2 119 49 12 299 47 17 
461:7/ 238 4 1  13 1 58 43 69 

Turcotte s e c t i o n  
h o u s o (largest) 
north ,chimney. 1 
1913 . 

27 00 13.26 
97 47 44.56 

1498.1 132 07 15.3 312 03 39 . 
970.0 180 52 44.0 0 52 47 . . i I  261 25 27.3 81 27 24.f 

747.8 
891.5 

1050.1 
823.4 

264.7 
903.6 

333.3 
238.9 

69 15 30 
304 12 49 

69 06 45 
352 24 06 

72 51 19 
350 17 29 

181 38 16 
350 05 26 

249 13 34 
124 13 54 

249 01 55 
172 24 18 

252 48 31 
170 17 43 

1 38 19 
170 05 49 

Norias'shouse. south 
gablc.11913 . 

Rudolphwatertank. 1 
1913 . 

Rapondvillc cotton 
gin smokestack. 
1913 . 

Raymondrille watcr 
tank. 1 in13 . 

91 04 23.7 

365 07 00.3 

271 02 12.1 
13% :I 265 02 37.81 85 03 50 . ( 

175 07 22.' 

26 47 OX . 60 
97 46 32.71 

26 41 10.83 
97 46 08.64 

26 28 43.17, 
97 47 02.821 

26 20 00.18 
97 46 68.22 

267 24 43 
1 6 1 E j  2;; z E 1 91 47 20 

8179.5 
4500.0 

16147.3 

%:?I 
18 56 41 1 198 55 34 

765 9 69 32 34 249 31 20 

3.9127% 
3.653215 
4.208099 

am . 7 
4357.8 

12710.3 
5624.1 

16961.9 

3.919794 
3.639272 

4.104156 
3.750051 
4.229475 

To station . 

Harl ingen sugar 
mill latticed stecl 
derrick. 11913 . 

Iung ......... 
Bishop ....... 
King ......... 
Bishop ....... 

Ricardo ...... 
Klcberg, ecc .. 

Ricardo ...... 
Klrberg ecc .. 
Robbin; ..... 
Ricardo ...... 
Robbins ..... 
Sarita ........ 
Sarita ........ 
Robbins ..... 
Turmtte ..... 
Kenedy ...... 

Katherine .... 
Armstrong ... 
Vinson ....... 
Norias ....... 

Vinson ....... 
Norias ....... 
Norias ....... 
Yturria ...... 
Brenner ...... 
Raymond .... 
Scbastian .... 
Drcnner ...... 
Raymond .... 
Mitla ......... 
Harl iny:  ... 
Sobast an . . 
Mitla ........ 
Harlingcn.,. .. 

Maria ....... 
Mercedes .... 
Harlingen .... 
Mitla ......... 
Merccdrs ..... 
IIarlingcn ... 
Msria ........ 
Maria .... , ... 
Harlingen .... 
Mitla ......... 
Maria ....... 
Merccdos ..... 
Harlingon .... 
Maria ........ 
Harlingen ... 
Mitla ......... 

26 12 03.11 
97 42 27.59 

.. 

1127.0 
598.7 

1590.6 
1486.7 

112 54 49.9 
1 4 R  2B 42.8 
180 42 42.1 
186 44 21.1 

236 44 30.9 
278 05 55.1 
352 52 42.9 

202 51 55.1 
328 26 47 . . 

0 42 45 . 
6 44 30 . ' 

56 44 54.! 
96 09 17 . 

172 53 07.1 

Harlingen pumping 
station. tall brick 
stack. 1913 . 

26 02 36.62 
97 45 21.53. 

1195% 1 
21170.9 
15701.4 
5144.0 

1776.6 
12818.8 
12518.6 

4.077479 
4.325740 
4.196022 
3.711303 

3.249591 
4.107846 
4.097556 

La Fcria pum ing 
station. srconllilt 
tall stack. 1913 . 

26 08 17 22. 
97 49 26: 32( 

13020.6 . 4.114831 
4946.8 3.894320 

630.1 
731.1 

855.0 
473.2 

35 48 27.7 
150 34 16.7 
233 14 16.4 

113 42 31.7 
214 21 45.6 
259 08 36.3 

216 47 21 . ( 
330 33 OH.! 
53 16 07 . I  

203 41 47.1 
34 23 58 .I 
70 10 55 .I 

5065.9 3.704658 
16574.0 4.219426 
9064.7 3.957354 

7190.8 3.856775 

8727.8 3.940004 
a s 5  . 4 3.9387~0 

3055.8 3.485131 
14882.3 4.172871 
8976.9 I 3.953080 

1 No check on this position . 



TRIANGULATION IN TEXAS . 41 

Ninety-eighth meridian. Alice to Rio Grande and Point Isabel-Continued . 

0 I .. 
26 09 09.101 
97 55 08.200 

26 OS 55.216 
97 54 40.312 

Station . 

o . . .  D O .  Meters . 
2 ~ 0 . 1  16 63 10.7 196 52 2R.7 Rio ........... 9142.7 
255.5 221 20 35.9 41 21 59.4 Ncrcedos ...... 79<50.1 

324 22 43.5 144 24 07.8 Maria ......... 9137.4 

1699.2 22 34 12.5 202 33 17.7 Rio ........... 9011.1 
1119.7 214 49 37.8 34 50 48 . 5 Morccdes ...... 7791.3 

327 09 25.2 147 10 30 . , Maria ......... 8332.5 

Mercedes Canal  
fumping station. 

Stack. 1913 . 
26 03 50.121 
97 53 36.102 

20 i o  05.250 
B8 03 01.360 

26 0.1 12.47 
37 56 44.37 
26 04 13.23 
37 56 43.16 

Donna standpipo. 
1913 . 

1542 4 
&3:5 

101.6 
37.8 

383.7 
1233.2 
407.1 

1199.6 

Benito Bmk & 
fmst Co . building 
cnpola on south: 
W S t  corner. 1 1913 . 

Ban Bonitopumping 
Station low brick 
stack, 1913 . 

Olmito fac tor  
north stack. 1 i9i? 

Olmito factory.  
south stack. 1 1913 . 
factory tall brfck 

united States and 
Mexico Boundary 
Monument. R . I . 
NO . 53. 1 1913 . 

united States and 
Mexico Boundary 
Monument. R . I: 

Ohb-Texas 911 

stack. i9i3 . 

NO . 54.1 1913 . 

101 31 05.2 281 29 42.3 
125 16 14.2 305 12 12.5 
189 35 20.0 9 36 08.3 

' 228 52 23.4 48 53 OF . 7 
258 44 50.5 78 48 37.4 
250 57 30.8 77 02 22.7 
296 22 13.1 116 27 05.4 
315 on 60.5 135 03 36.3 
329 51 58.1 149 52 05.2 
178 24 52 358 24 52 
257 56 22 77 58 28 
172 55 31 352 55 30 

I I 

189 59 40.9 
195 18 48.1 
133 16 32.2 
193 23 12 
41 36 28 

242 08 02.1 
293 23 00 2 
51 37 2912 

130 53 48.6 
167 57 14.7 

COW 6636 .E 
BenFto ..I .:..I. 18476.E 
Resaca ........ 14850.1 
Benito ........ 9948.3 
Cowgill ....... 2149.1 
Mitla ......... 12261.2 
Harlin on .... 12254.1 
Cow ilf ....... 6608 . 
Olmfto ....... 15023 . 
Benito ........ 7285 . 

25 56 52.11 
97 33 54.73 
26 66 51.26 
97 33 55.16 
25 58 06.721 
97 29 04.821 

1803.6 197 47 17 17 48 10 Olmito ........ 121~9 . 
1522.8 253 19 4 1  73 26 08 Arista ......... 21035 . 
1534.7 253 10 14 73 21 41 Awta ......... 21854 . 
206.8 155 01 62.5 335 00 44.1 Olmito ........ 10270 . 

252 52 46.3 72 56 04.8 Arista ........ 13251 . 

1677.4 197 48 13 17 49 12 OlplitO ........ 12217 . 

134.1 184 26 17.4 4 28 41.7 ResuCa ........ 19719 . 
25 57 28.87 
97 15 16.23 

25 57 54.23 
97 12 01.81 

888.4 110 00 21 295 57 37 Arista ......... 11548 . 
451.5 157 49 16 337 47 31 Point Isahcl, 17633 . 

1668.8 105 12 05 285 07 57 Arista ......... 1635.5 . 
53.1 142 13 02 322 09 51 Point Isabel, 19677 . 

west base . 

. wostbase . 

Rio ........... 
Donna ........ 
Mercodos ...... 
Maria ......... 
Mitla ......... 
Nerceclos ...... 
Maria ......... 
Rio ........... 
Donna ........ 
Rio ........... 
Maria ......... 
Rio ........... 

5351.( 
18680.2 
16007.5 

14628 . E  
18845 . C 
20585 . f 
14806 . i 

882.1 
379 .I  

8140 . f 
358.9 

3630.3 

26 14 16.236 
87 34 39.041 

26 09 51.66 
37 36 11.92 
26 08 28.708 
57 38 29.593 

26 08 01.381 
97 37 58.674 

26 07 49.93 
97 37 58.22 

499.6 
1083 . 6 

1589.8 
331.0 
8R3.5 
822.0 

42.5 
1628 . 9 

1536.5 
1017.4 

9 69 59.2 
15 20 05.5 

313 13 40.2 
13 23 49 

221 36 04 
62 10 53.9 

113 25 58.8 
231 36 05.9 
310 50 48.8 
347 56 50.6 
115 10 41.0 
221 16 59.6 
310 32 32.7 
353 59 12.2 

309 26 50 
210 16 39 

.... 13383 . 
........ 13823 . ........ 6318.' 

...... 6055 . 

OBIR., ........ 13587 . 

......... 11245.' ..... 15295 . .......... 4UO . 

I I 

1 No check on this position . 

. 
Loga- 
thm of 
stance . 
. 

1 961075 
1.900374 
1 . 980821 

1.954780 
1.891608 
5.920774 

956142 
1.134854 
1.8RB021 
3.917656 

3.728435 
4.271520 
4.204331 
3.559945 
4.165208 
4.275216 
4.313564 
4.170456 
2.945531 
2.579631 
3.910977 
2.554998 

1.614053 

3.821897 
4.2G0626 
4.171752 
3.997748 
3.332203 
4 . k8532 
4 . 0 ~ 8 2 ~ 1  
3.825991 
4.176701 
3.862467 
4.126569 
3. 823187 
4.140021 
3. 800640 
3.839884 
4.133136 

4. a50906 

4. 0x5972 

4.184559 
3.683950 

4.335175 
4.086991 
4.335556 
4.011596 
4.204899 
4.122252 

4.240335 
4.002530 

4.213670 
4.293978 
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Arista.. . . __. _. 
Point Isabel, 

west bnse. 

Point Isabel. 

U. S. COAST AND GEODETIC SURVEY. 

Point Isabel to COTPUS Cliristi. 

Meters. 
10955.33 
7099.96 

2509.29 

Station. 

26 03 41.344 
97 16 09. 717 

26 04 44.012 
97 15 11.957 

Principal points. 

Point Isabel, south 
base, 1856. 

1272.3 54 15 24.9: 
270.1 133 15 43.21 

1354.4 39 46 45.7( 

51 34 45.54 
113 26 37.0: 

332.3 
pointIsabe1,easlbasf 

1886. south base.’ 
Arista ... . __. _ _  
Point Isabel, 

west base. 

Fronton, 1867.. . . . . . 

13399.56 
7384.92 

Cameron, 1867.. . . . . 

26 04 41.082 
97 12 25.517 

Pool, 1867.. -. . . . . . . . 
Fox, 1867.. .. . .. . . . . 

1264.2 61 26 40.31 
709.2 73 34 38.04 

91 07 37.0; 

104 53 28.81 

Singer, 1867.. . ~. . . . . 

south bnsc.’ 
Point Isabel, 

oast base. 
Point Isabel. 

Black Hill, 1879.. . . . 

4626.65 

11796.20 

Armadillo, 1879.. . . . 

Mesena 2, 1885.. . . . . 

26 09 20.138 
97 17 43.843 

Point Isabel L. H., 
1867. 

619.7 314 08 13.41 
1217.7 333 34 51.9t 

345 54 43.8: 

20 26 55.21 
24 40 36.9f 

Armadillo 2,1913.. . 

Bank,1013... . . . . . . . 

Fronton. .__. . . 
Point Isabel, 

east base. 
Point Isabel. 

Hike, 1913.. . . . . . . . . 

Cat 2, 1913 ... ._. . .. . 

12327.43 
9487.52 

10748.92 

Latitude 1 :$ 1 
and Azimuth. 

longitude. 

west base. ’ 

Fronton ._._. . . 
Cameron.. . ~. . 7394.82 

13416. 69 

Pool.. . . . . . . . - 
Camoron.. . ~. . 
Pox.. .__ ___. _ _  

9169.83 
13206.71 
11786.53 

26 11 42.160 1297.4 297 42 18.3s 
97 17 46.494 1290.9 325 26 56.1; I /  359 02 05.6( 

Cameron. ._ .__ 
Fronton ____. ~. 
Point Isabol, 

east bnse. 
Point Isabel. 

26 12 49.264 1516.1 349 40 20.31 
97 10 48.515 1346.8 GO 51 43.8: I /  79 56 06.2: 

7812.4 
7730.9 
3146.2 

3023.7 

26 16 09.273 285.4 351 20 59.7( 
97 11 zi.8sul 606.31 52 2j 44.7: 

26 0% 38.543 
97 12 27.078 

9 02 21.3: 

1186.1 61 36 15.8: 
752.6 96 39 01.5( 

134 34 33.71 
145 46 43.6: 
184 52 00.3i 
190 16 10.5: 
209 02 16.M 

283 14 11.6( 

Arista ... _. . . . . 
Mcscna 2. . . . . 
Cameron. __. _ _  
Fox ... . . . . . .__ 
Black TIill.. . 
Sinear .___. .._. 
Fronton ... ~. -. 

331 10 50.M 

39 23 59.71 

17146.41 
7006.39 

12351.08 
15700.42 

.21333.50 
15347.49 

89.38 

Point Isabel 

Cameron.. _. . . 
Fox.. . .. .__. _. 

1,. H. 
26 16 47.693 1467.7 341 46 42.0 
97 16 52.838 1466.0 

5 52 21.1 I .  I 9 00 11.8 

23621.2 

13845.7 
9519.7 

26 13 30.798 
97 19 58.201 

26 16 47.481 
97 20 37.023 

26 19 44.168 1359 3 320 56 23.7 
97 19 31.669/ 878:d 18 26 33.1 

947.8 220 19 05.9 
1615.5 312 25 50.3 

334 10 56.4 

1461.2 269 55 34.1 
1027.2 333 15 14.6 . 349 54 18.1 

Back 
azimuth. 

Armadillo 2. .  

Cameron.. . . . . 
Armadillo 2 . . 
Fox.. .. . . . . . . . 
Rank.. . . .___. 

F O X  .... . .. . . . . 

0 I I ,  

234 13 04.6: 
313 14 21.31 

219 46 20.3: 

231 31 59.8’ 
293 24 49.71 

241 22 41.5: 
253 32 59.5 

271 06 23.91 

284 50 28.31 

134 10 33.5 
153 35 58.& 

165 55 25.2! 

200 25 16.01 
204 39 56.41 

215 46 24.7. 
281 05 43.1 

117 45 48.51 
145 29 17.5. 
179 02 06.7 

169 46 46.1. 
240 48 40.51 
259 53 01.61 

171 27 14.51 
232 2254.7 

97 22 53.6, 
126 01 13.2 
189 01 57.51 

351 31 34.01 
96 02 17.0. 

103 15 00.1; 

151 11 13.1 

219 22 02.3 

241 32 17.7 
270 37 00.5, 
314 32 14.3, 
325 44 22.9 

4 52 29.0, 
10 16 53.9 
29 02 16.7, 

161 48 39.3 

185 51 58.6 
188 59 48.1 

40 20 27.9 
132 26 48.5 
154 11 55.7 

89 57 13.4 

169 54 35.3 

198 20 04.1 

153 10 30.0 

140 57 34.1 

7948.4 

8568.6 

6220.0 
10520.8 
6147.9 

4954.4 

l- 

Arista ... _ _ _ _  _ _  17221. 8Q 
Point Isabel. 0497.03 

wcstbaso. ‘ 1 

south base.’ 
Arista .... . ..__ 17958.63 
Point Isabel. 6119.69 

Pool.. . . __. _ _ _  14953.97 
Fronton. __. . -. 15729.40 
Cameron.. . . . - 4371.20 

Singor ..._.. ... 0224.26 
Pox ..._... ... . 1a74.16 

Black Hill.. . . 9253.31 
Singor __._ .... . 12489.34 
Fox .._. . ._. . ._ 9523.95 

Arista ... _.. ... 11711.4 
base.’ I 

Armadillo 2.. . 6993.3 
Hike.. . . . . . . . _I 5731.7 

-_ 
Logs- 

rithm of 
distsnco. 

4.0396254 
3. G12557 

3.3995509 

4.1270807 
3.8683459 

4.2360786 
3.8127151 

3.6652667 

4.0717421 

4.0908726 
3.9771525 

4.0313048 

4.2542732 
3.7867294 

3.8689277 
4.1270454 

4.1747573 
4.1967122 
3.64oG005 

3.9623615 
4.1207947 
4.0713858 

3.7940878 
4.1295017 

3.9662970 
4.090,5395 
3.9788169 

3.895555, 
3.888228 
3.497792 

3.480540 

4.068607 

4.2341731 
3.8862871 
4.0917048 
4.1978157 
4.3290620 
4.1860373 
1.95126 

4.373302 

4.141315 
3.978625 

3.900277 
3.094992 
3.932908 

3.793787 
4.022047 
3.788727 

3. R44680 
3.758283 



49 "RXANGULATION I N  TEXAS . 
Point Isabel to Corpus Christi.Continued . 

Lntitudo :$$ 
longitude . ,&. . hzimut b.. a2,ih TO station . .Di '. tanm and 

-- _____ 

0 I .. D . , ,  O I I I  dfeters . 
i6 23 33.607 1034.3 341 13 2d.l 161 14 36.0 AcmndllloZ 13193.2 
)7 19 25.890 717.0 1 18 00.8 181 17 58.2 Cat 2 .......... 7062.7 

8 58 24.2 188 57 52.6 Hike .......... 12653.1 

10 21 34.877 1073.3 241 54 22.2 61 50 12.0 Green 7703.0 
37 23 32.962 913.9 2 9 G  58 13.4 117 00 00.5 Cat 2 7508.4 

331 06 09.2 151 07 27.2 Hike .......... 10101.3 

26 21 58.011 1785.3 81 58 57.9 201 57 37.0 Water ......... 5097.4 ......... h450.2 97 20 30.909 856.9 211 29 22.6 31 29 51.5 Green 
338 15 15.0 158 15 41.3 Cat; 2 .......... 4434.'4 

26 24 33.083 1018.1 288 06 00.3 108 07 30.1 Green ......... 5887.6 
07 22 47.799 1324.5 12 51 48.7 192 51 28.6 Water ......... 5625.4 

26 26 43.921 1351.7 303 50 50.9 123 53 11.1 Green ......... 10510.1 

348 48 43.3 168 49 13.5 Wntcr ......... 9694.9 

26 29 05.621 173.0 345 30 54.1 105 31 36.5 are& ......... 10552 9 

... 

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

...... 97 24 40.808 1130.0 322 07 08.B 142 07 59.0 Pdicm2 5101.0 

97 21 01.120 31.0 54 23 18.1 234 21 40.1 Skin .......... $8617 

26 29 31.509 969.7 277 53 17.3 97 54 49.8 Storm ......... 5795.8 
97 24 28.404 786.6 322 42 43.0 142 44 57.7 Green ......... 13840.8 

3 48 43.8 183 48 38.2 Skin .......... 5169.0 

26 32 16.012 492.8 309 57 34.2 129 59 26.9 ~ f , o r m  ......... 9120.2 
97 25 13.527 374.5 346 08 03.6 166 08 23.7 Rifle .......... 5214.5 

26 34 55.632 1712.1 349 48 19.2 169 48 50.5 Storm ......... 10944.4 
07 22 11.081 306.1 20 52 24.8 209 51 23.4 Rifle. ......... 10075.1 

26 35 16.443 506.0 275 43 15.3 95 44 58.5 Windy ........ 6409.1 
97 26 01.512 41.8 346 20 48.5 166 21 30.1 Rille .......... 109?-3.9 

20 39 54.221 1668.7 338 21 17.4 158 22 16.5 Windy ........ 9885.9 

45 48 15.4 225 40 53.8 Sauz .......... 7045.3 

346 32 46.7 106 33 08.2 Sauz .......... 5709.5 

97 24 22.834 831.4 17 42 51.1 197 42 06.9 Lomnlto ...... 8974.1 

26 38 34.578 1064.2 239 30 37.6 59 37 45.5 Back .......... 4846 . G 
97 26 54.021 1494.1 310 42 12.0 130 44 18.9 Windy ........ 10328.8 

346 35 50.1 166 36 13.7 Lomalto ...... 6208.4 

26 42 22.128 681.0 307 34 41.8 127 36 23.9 Back .......... 7401.7 
97 27 56 . G80 1586.8 346 OB 01.0 160 00 29 . 1 I'ortalis 2 ..... 7214.2 

26 45 17.918 551.4 320 42 45.6 146 44 32.0 Back .......... 11915.5 
97 28 19.328 634.1 349 14 16.4 109 1 4  54.7 l'ortalis 2 . ,  ... 12635.3 

173 24 07.9 LnSt lxcsort .... 5446.2 

26 45 05.558 171.1 6 02 59.0 186 02 38.3 Portnlis 2 ..... 12100.2 
97 26 07.013 218.7 30 52 16.9 210 51 28.0 Last Resort ... 5859.6 

95 59 18.7 275 55 19.6 Topo .......... 3651.0 

26 48 12 733 391 9 315 43 29.3 135 45 00.0 Sea ........... 8043.8 
97 29 31: 137 86O:O 339 45 21.9 159 45 54.3 Topo .......... 5734.2 

2F 51 55.478 1707.5 24 04 13.8 204 02 41.9 Soa ........... 13816.1 
07 22 43.979 1214.0 58 39 04.5 238 36 00.7 Mosquito 2 .... 13167 . 
26 50 58 284 1793 8 258 56 14.5 78 58 42.1 Norwcst ...... 9190.6 
97 28 1 0  737 296 4 342 38 18.3 102 39 13.7 Eon ....... 11373.4 

26 52 45 842 1410.9 279 33 39.6 99 30 10.0 Norwest ...... 9311.9 
97 28 10: 029 459.0 357 11 11.8 177 11 14.5 Southout ..... 3314.3 

0 18 35 . 6 180 18 34.5 Top0 .......... 13785.8 
13 45 25.1 193 44 51.5 Mosquito 2 .... 8053.5 

26 64 39.607 1215.9 8 30 29.4 188 30 17.0 Nonvost ...... 51al . 
97 22 10.620 458.6 70 37 29.4 250 34 46.5 Avoca 2 ....... 10533.0 

28 56 37.7G8 1162.1 353 45 05.5 173 45 12.1 Plank ......... 3661.2 
97 22 31.061 856.8 2 21 00.8 182 20 55.0 Norwosl ...... 8695.0 

353 23 57.7 

23 32 58.7 203 32 22.4 Mas . 2 .... 5557.8 

53 12 16.4 233 09 40.0 AVOCa 2 ....... 11910.8 

Statiou . 
Loga- 

ri thm of 
distnnce . 

4.120350 
3.84R973 
4.102196 

3.890028 
3.875548 
4.004378 

3.707347 
3.537842 
3.646837 

3.70DQ41 
3.750152 

4.021606 
3.7m55 
3.988549 

4.023373 
3.874288 

3.703110 
4.141160 
3.713404 

3.960005 
3.717215 

4.039180 
4.028371 
3.847902 

4.03a79 
3 . 7585gf3 

3.995016 
3.952989 

3 . 685437 
4.014048 
3.797157 

3.872836 
3.858180 

4.076111 
4.101585 
3.736087 

4.082792 
3.787867 
3.562416 

3.905461 
3.758476 

4.140385 
G 4.119500 

3.963315 

3.744902 

3.969036 
3.520393 
4.139433 
3.937192 

5 3.707949 
4.022552 

3.563619 
3.939271 
4.075940 

'3.806795 

4.055889 

~ 

Principal points-con 

Oreen. 1913 .......... 

Sea. 1913 ........... 

Wnter. 1913 .......... 

Avoon 2. 1913 ...... 

Colorado. 1879 ...... 

Plank. 1913 ........ 

Beat. 1913 ......... 

Polican 2.1013 ...... 

Skin. 1913 .......... 

StOlTll. 1913 ......... 

Riflq. 1879 .......... 

Saw. 1913 .......... 

Windy, 1913 ........ 

v m a l t o .  1879 ..... 
. .  

Dnck. 1913 .......... 

Portalis 2.1913 ..... 

Lnst Resort. 1913 .. 

Topo. 1878 ......... 

MOSqUitO 2.1913 ... 

Norwest. 1913 ..... 

Southeast. 1913 .... 

67551O.l 9 4  
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0 . . .  
26 59 00.443 
97 28 12.327 

27 01 28.052 
97 22 47.523 

27 01 57.038 
97 27 33.298 

27 04 46.437 
97 22 44.177 

27 05 32.693 
97 27 26.497 

U . S . COAST AND GEODETlC SURVEY . 
Point Isabel to Corpus Chm'sti-Continued . 

0 I .. 
13.6 294 59 27.4 

339.9 309 16 38.5 
0 35 23.9 

863.4 357 05 25.0 
1310.0 63 07 15.5 

1755.5 276 26 35.9 
917.8 319 40 46.4 

11 12 01-9 

0 51 55 1 
40 21 53: 5 
56 49 07.0 

1006.2 280 21 16.2 
730.0 314 23 11.7 

1 37 03.6 

1429 2 
1217: 2 

Station . . 

Beat .......... 
Plank ......... 
Avow 2 ....... 

Pzincipalpolnts.-C oi 

Lopefia. 1913 ....... MetPrs . 
10386.3 
12679.4 
11529.8 

Buoy. 1913 ......... 
Indian 2. 1912 ...... Buoy ......... 

Beat .......... 
Lopefia ....... 

G u ~ .  1913 .......... 

7927.6 
128114.8 
5640.6 

Con. 1913 ........... 

Gap, 1913 .......... 27 07 57.586 
97 22 31.280 

27 08 33.252 
97 26 50.686 

Coyote 2,1913 ....... 

1772.4 145 11 51.0 
861.4 186 04 34.4 

3 27 21.9 
36 52 59.7 
61 16 36.6 

lb23.4 191 34 18.4 
1561.0 246 17 45 . 6 

278 31 29.9 
315 05 23.4 

4 43 60.0 
8 24 22.6 

McGloins Bluff. 186C 

Mustang. 1905 ...... 

Laguna Madre nort!~ 

Laguna Madre south 

base. 1882 . 
base. 1882 . 

oso. 1912 ........... 

Salt ........... 
Murdbck ...... 
Gum .......... 
Indian 2 ...... 

Shamrock. 1912 ..... 

10189.8 
4530.6 
5893.9 

13870.1 

Grants 2,1912 ....... 

Salt ........... 
Murdock ...... 
Gap ........... 
Gum .......... 
Indian 2 ...... 

Island. 1912 ........ 

7418.9 
8504.3 
7390.6 
9854.3 

12236.3 

Pass. 1912 .......... 
Sandhill. 1912 ...... 

Hardpan. 1912 ...... 

Con ........... 

McGloins Bluff 

McGloins Bluff 
Mustang ...... 
Laguna Madre 

north base . 
Mustang ...... 
McGloins Bluff 
Mustang ...... 
Mustang ...... 
Os0 ........... 
McGloins Bluff 

Laguna Madre 
south base . 

Labmna Madre 
north base . 

Mustang ...... 

Landing. 1912 ...... 
Richards 2. 1912 .... 

5617 . 6 

14895.5 

. 18108.9 
9541.8 

5486.8 

13797.5 

15572.9 
13030.0 

6962.5 
14840.6 
8929.6 

9504.5 

8829.8 

8068.7 

27 49 36.229 
97 13 18.803 

27 41 50.633 
97 10 50.923 

27 40 10.665 
97 16 20.529 

27 37 25.926 
97 17 37.263 

27 42 40.650 
97 18 43.169 

27 45 34.816 
97 10 17.924 

27 37 33.861 
97 11 60.716 

27 36 08.151 
97 17 07.598 

27 34 41.333 
97 13 1% 951 

27 31 37.520 
97 15 06.728 

1115.1 
514.6 

1555.4 164 14 05.91 
1395.2 

325.2 195 56 24.2( 
662.6 251 09 56.1: 

798.0 202 32 12.5( 

233 47 42.8 

1251.2 214 45 06.2 
1182.7 276 46 07.2 

1071.7 7 27 41.8 
68 51 23.7 

146 20 03.2 

1042.2 88 32 68.9 
1390.5 

123 07 42.1 

191 42 63.8 

250.9 161 14 OB . 1 
208.4 

253 05 23.8 

1272.2 112 39 08.3 
382.7 203 15 13.1 

1154.9 158 18 10.4 
184.6 208 39 57.0 

1021 . 6 

490 . 8 

Island ......... 
Grants 2 ...... 
Island ........ 
Pass .......... 

221 07 57.0 
298 26 08.5 

6942.9 
5780.2 

8966.7 
6448.5 

27 26 20.512 631.3 126 31 31.5 
87 17 34.315 942.4 187 02 43.2 I I20232 27.2 

Laguna Madre 
south base . 

Island ......... 
Sandhill ...... 

Back 
azimuth . 

0 . .. 
115 02 02.2 
129 19 19.8 
180 35 22.0 

177 05 32.5 
243 04 48.0 

96 28 45.8 
139 43 03.6 
191 11 44.2 

180 51 53.6 
220 19 24.4 
236 46 55.5 

100 23 24.7 
134 25 18.6 
181 37 00:5 

325 10 14.5 
6 04 42.3 

183 27 10.0 
216 50 42.2 
241 14 22.1 

11 34 43.1 
66 19 54.7 
98 33 31.0 

135 07 18.5 
184 43 33.4 
188 24 09.1 

344 12 57.u 

15 57 48.8 
71 12 29.21 

22 32 48.1 

53 50 51.5( 

34 47 37.3 
96 49 46.8 

187 27 26.6 
248 47 28.6 
326 18 38.9 

268 30 18.3 

303 05 36.9 

11 43 21.6 

341 13 62.4 

73 07 50.6 

292 37 20.1 
23 15 51.6 

338 17 14.5 
28 40 49.2 

24 08 38.3 

4 1  09 02.4 
118 28 07.7 

15 32 46.7 
60 45 19.2 

300 29 54.8 
347 01 50.3 
22 33 35.3 

7481.6 

6887.1 
8178.8 

To station . Dis- 
tance . 

Beat .......... i 8946.0 
LopeUa ....... 10041.4 

BUOY ......... 6106.5 
Lo d) eRa ....... 1 13971.8 
In ian 2 ...... 9521.8 

Gum .......... 7907.2 

Indian 2 ...... 6040.0 
Buoy ......... 107G0.8 

Con ...........I 9274.0 

Laguna Madre 2528.3 

Grants 2 ...... 9080.6 
south base . 

H a r d p  ..... 1 974% 4 
Sand 11 ...... 11240.7 

Landing ...... 7163.0 
IIard lfian.. . ...I 14010.9 
Sand 11 ...... 10566.2 

Loga- 
rithm of 
distance . 

4.018459 
4.103100 
4.061821 

3.951629 
4.001795 

3.899140 
4.110076 
3.743558 

3.785794 
4.145251 
3.978717 

3.898024 
4.031843 
3.822169 

4.008168 
3.657022 
3.770401 
4.142079 
3.96"266 

3.870341 
3.929639 
3.868681 
3.993626 
4.087649 
3.749550 

4.1730554 

4.2578927 
3.9796327 

3.7393234 

4.1398019 

4.192369 
4.114943. 

3.842766 
4.171452 
3.950831 

3.977929 

3.945952 

3.900802 

3.402836 

3.958113 

3.841539 
3.761944 

3.952584 
3.809460 

3.873997 

3.769901 
3.912688 

3.988833 
4.050795 

3.865094 
4.146467 
4.023876 



TRIANOULAIMON I N  TEXAS. 

-- 
0 t ,, 
'7 25 53.833 
I7 19 31.578 

!7 23 06.738 
17 22 58.360 

51 

. a , , ,  D I I t  

1056. g 153 28 43.3 333 28 00.7 Landing.. - .. 
867.3 !255 41 17.0 75 42 11.0 Richards 2. .. 
207.4 197 04 10.7 17 05 03.4 Landing.. . .. 

236 09 22.3 56 11 51.5 Richards2 ... 1603.6 227 49 45.8 47 51 21.1 Spit.. .... -... 

Station. 

!7 23 23.058 709 7 
17 18 46.720 1283: 7 I 

Principatpoints-Cor 

Spit, 1912 .-..-....._ 
Lonehill, 1912.. . . . . 

85 51 39.0 265 49 43.2 Lonehill ..._.. 
333 48 01.8 Landin . . ~ -. 
20 00 47.7 Rich& 2.. . 158 49 05.1 

$200 00 14.4 

Hid, 1912 .___. . . . . _ _  

Meters. 
5681.2 
3323.6 

10697.8 
7662.9 
10714.9 

6932.3 
10429.0 
6812.8 

7283.2 
15458.0 
5851.5 
11660.3 

4880.9 
8481.1 

14363.1 
17143.1 
12255.6 

10187.3 
14676.9 
8463.5 

6017.5 
7797.8 

7381.7 
11924.8 
6660.5 

10934.5 
8317.5 

6339.5 
14163.9 
5897.9 

6837.0 
9218.8 

10546.9 
6160.8 

Box, 1912.. . . . . . . . . . 
Shells 2,1912.. . . . . . . 

3.754438 
3.521605 

4.029295 
3.884391 
4.029989 

3.840880 
4.018244 
3.764384 

3.862324 
4.189152 
3.767265 
4.066708 

3.686717 
3.928451 

4.157248 
4.234089 
4.088334 

4.008059 
4.166634 
3.927549 

3.779417 
3.891972 

3.888158 
4.076451 
3.816936 

4.038798 
3.919884 

3.802058 
4.151183 
3.770700 

3.834865 
3.864683 

4.023126 
3.789637 

GrifRns Point 2,191: 

!7 21 06.675 
17 24 53.272 

171354.671 
)7 21 35.707 

17 15 44.429 
)7 26 17.840 

17 12 29.394 
)7 26 02.600 

Salt, 1912. - . . . . . . . I . .  

Murdock, 1912.. . . . . 

205 4 220 30 27.9 40 31 20.7 Lonehill ...... 
1464:2 279 28 13.8 99 30 33.6 Transient. ... 
16827 15747373 3374600.8 ROX ........ -. 

172 23 34: 4 352 22 50.4 Lonohill. .-. -. 
193 51 46.7 13 52 35.7 Transient.. . . 

1367 5 193 11 19.6 13 11 58.4 ROX ... . .... . . 
984: 1 

490: 7 201 55 42.4 21 57 13.8 Lonehill ..... . 
293 30 25.7 113 32 34.8 Shells 2.. . . . . 

904.7 176 00 27.5 356 00 20.5 CrimnsPolnt: 
71.8 250 18 48.8 70 20 50.8 Shells 2.. . . .. 

Rabbit 2, 1912.. . . . . 

Penescal 2,1912.. . . . 

17 22 45.621 
17 28 36.012 

L7 19 35.985 
47 33 55.031 

Frank 2, 1912.. . . . . . 

A y a ,  1912.. . . . . . . . . 

Crawford 2, 1912.. . . 

1404.2 296 26 14.5 116 27 57.0 Rox _...._. _. . 
989.5 20 53 47.6 200 52 52.7 Rabbit 2. _ _  .. 
1107.6 236 22 41.4 56 25 08.2 Frank 2.. . . . . 
1529.4 296 46 17.3 116 47 49.1 Rabbit 2. .. . . 

Pasadiso, 1912. . . . . . 

SupplemenfarU 
qoints. 

Ranch, 1917.. . . . . . . 

27 15 37.760 
37 38 32.582 

Brazos Rantiago L. I 
1904,1917. 

1162.2 226 04 10.8 46 06 17.8 Agua ... ._ __. . 
896.3 250 49 02.1 70 52 40.7 Rabbit 2.. . . . 

293 04 43.4 113 06 08.8 Crawford 2. .. 

point Isabel north- 
east radio towex 
1917. 

10571.9 
13886.9 
6447.0 

4819.4 

3660.8 

21M). 6 

Point Isabel to Corpus Chrhti-Continued. 
I I I I 

4.024164 
4.142606 
3.736154 

3.882989 

3.563580 

3.322339 

26 03 46.904 
97 13 16.279 

26 04 18.244 
97 09 59.250 

!7 20 21.245 653 9 134 23 21.5 314 21 54.4 Lonehill .-... . 
17 19 48.941 1346:3 172 20 28.7 352 10 54.0 Landing. ~. .- 

196 59 14.2 16 59 42.8 Nid.. . . .. .. . . . 1 I  198 29 12.1 I 18 30 13.9 I Richards 2.. . 

1443.4 87 59 36.0 267 68 19.9 Polnt Isabel 
452.5 south baso. 

118 43 20.8 298 42 30.1 Point Isabel 

220 46 46.4 40 47 07.1 Point babe 

561.4 80 01 26.9 260 00 00.3 Ranch ...... 
1646.8 83 44 05.5 263 41 22.8 Point Isabel 

south baso. 
98 40 58.1 278 39 53.2 Point babe 

L. H. 

east base. 
L. H. 

5560.7 
10355.0 

4151.6 

1521.2 
61m. 7 

4009.0 

798.8 

17 18 05.785 178 1 239 22 08.8 59 24 45.9 RoX .... . . .. . . 
)7 30 35.59d 978: 4 YO1 31 23. 121 33 21.A GrifansPoint 

3.745132 
4.015150 

3.618215 

3.182188 
3.791596 

3.883806 

2.902419 

17 14 45.492 1460.2 
17 29 41.847 1151.3 214 03 15.4 

106 31 06.6 346 30 42.0 Rabbit 2.. _._ 
34 05 27.7 Rox ... . . . . . . . I /  252 04 28.6 I 72 OB 02.0 I QrifensPoint 

!6 04 12.749 m. 3 58 28 46.7 238 28 26.2 Ranch.. .. . . 
97 12 29.626 853.4 81 02 33.7 201 00 57.1 Polnt Isabel 1 I I 1 southbase. 

102 04 36. 6 282 03 25.4 Point Isabel 
east baso. 1 I 185 24 56.21 5 24 57.4 Point babe I L.H. 

-- I 
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Meters. 
1277.8 
5970.6 

U. S. *COAST AND GEODBETTC SURVEY. 

Point Isabel to Corpus Christi-Continued. 

3.106477 
3.776016 

Station. 

0 , , I  

26 04 08.196 
97 12 36.810 

Supplementary 
points-Contd. 

Point Isabel south- 
west radio tower, 
1917. 

0 , ,, 
252.2 59 09 14. ~ 

1023.1 82 04 18. 

104 22 49.1 

196 23 08.1 

Windmill, 1913.. . . . 

4446.7 

974.9. 

Fox refercnco mark, 

Bank rcferonce mark 

Armadillo 2 rcfcrcncc 

Hikc rcforence mark 

Cat 2 reference mark 

Greenrofcrenco mark 

Colorado rcfercnco 

W a t o r  r e feren cc 

Pclican 2 rcfcrcnco 

Skin reference mark, 

Rifle referencemark, 

Sauz reference mark 
~ 1913. 

Lomalto reference 

Portalis 2 reference 

Lnst Rasort reference 

To oreference mark, 

Mosquito 2 reference 

Avoca 2 reference 

Lopetla reference 

Indian 2 reference 

Con reference mark, 

1913. 

1913. 

mark, 1913. 

1913. 

1913. 

1913. 

mark, 1913. 

mark, 1913. 

mark, 1913. 

1913. 

1913. 

mark, 1913. 

mark, 1913. 

mark, 1913. 

1!13. 

mark, 1912. 

mark, 1912. 

mark, 1913. 

mark, 1912. 

1913. 

3.648034 

2.988967 

.1-I 

26 11 43.517 
97 17 48.175 

26 13 30.9Yfl 
97 19 58.522 

26 16 47.500 
97 16 53.648 

20 16 48.295 
97 20 38.855 

26 19 43.840 
97 19 31.091 

26 23 33. 621 
97 19 20.192 

26 21 57.810 
97 20 31.887 

26 21 34.808 
97 23 33.483 

26 24 33.116 
97 22 48.120 

26 26 43.576 

26 29 31.826 
97 24 29.047 

26 32 15.873 
97 25 13.007 

26 35 16.477 

97 24 41. a45 

97 26 02. a74 

26 38 34. am 
97 26 64.666 

26 42 21.631 
97 27 57.078 

26 45 18.374 
97 28 17.192 

26 48 14.833 
97 29 28.808 

26 52 47.079 
97 28 13.267 

26 58 57.815 
97 28 11.929 

27 01 55.876 
97 27 31.651 

27 05 31.840 
07 27 25. %24 

1339.2 311 49 21 
1337.6 

952.8 349 53 01 
1624.5 

1461.8 255 11 44 
1488.5 

1486.2 296 14 37 
1078.0 

1349.2 221 31 44 
887.2 

1034.7 272 56 46 
726.0 

1779.1 245 01 44 
870.2 

1071.2 261 38 04 
928.3 

1019.1 276 12 29 
1333.8 

1341.1 234 30 
1145.5 

979.4 298 40 23 
804.4 

488.5 106 35 
360.1 

519.4 298 16 
65.7 

1055.9 245 06 20 
1511.9 

665. 7 215 44 

565.5 76 37 
475. 0 

441.1 52 34 
795.6 

1449.0 67 41 

1577.8 

368.2 

328.9 
1779.4 172 16 09 

1719.8 126 36 67 
869. 6 

964.6 142 11 09 
697.7 

26 59 15.0Bol 463.5 299 50 21. 
97 27 36.849 1016.1 5 1 4  12. ! I 1 65 18 23. 

60.76 

23.24 

56.65 

13.50 

8.37 

14.62 

1.70545 

1.36624 

1.75322 

1.13033 

0.92273 

1.16495 

Back 
azimuth. 

Water ... . . . . . . 
Priican 2.. . . . . 
Skin ___._..._. 
Rifle. ____...._ 
Bauz. _....__.. 
Lomalto.. _... 

0 , ,, 
239 08 57. 
262 02 44. 

284 21 40. 

16 23 13. 

119 52 39. 
185 13 54.' 
245 18 07.1 

131 49 22 

169 53 01 

75 11 44 

116 14 38 

41 31 44 

92 56 46 

65 01 44 

81 38 04 

96 12 29 

54 30 

118 40 23 

298.35 

119 16 

65 06 20 

35 44 

256 37 

232 34 

247 41 

352 10 09 

306 36 56 

322 11 G?J 

14. 60 1.16435 

9.32 0.96942 

18.27 1.26174 

20.30 1.30760 

15.02 1.176d7 

27.34 1.43672 

I I  

19.64 

18.84 

60.68 

81.0 

100.30 

81.62 

59.98 

62.70 

Ranch.. . . . . . 
Point Isabel, 

south base. 
Point Isabcl, 

east basc. 
Point Isabcl 

L. H. 

1.29314 

1.27608 

1.78305 

1.90848 

2.00130 

1.91180 

1.77801 

1.72181 

Boat ._.... ._. ./ 9724.4 I 3.987861 

Lopefia.. . . . . . 1076.8 3.032138 
A V O C ~  2.. 12029.2 1 4.080237 

FOX ._.____..._ 62.64 1.78688 I /  
Bank.. . . . . . 
Armadillo 2. 

Hike.. . . . . . . 
Cat 2 .... . . .. 

Green.. . . . . . 
Colorado.. . . 

Portalis 2. . . . . 
Last Resort.. . 
Topo ... . . . . . . . 
Mosquito Z.... 

Avoca 2 _... . . . 
Lopeiia.. -. . .. 
Indian 2 .... .. . 
Con.. -. . . . . . . . 



Station. 

3 I I ,  

7 08 32.739 
7 27 01.839 

7 1229.544 
7 26 03.226 

7 10 22.857 
17 22 14.779 

SuppZementury 
points-Contd. 

0 , ,, 
1007.6 203 41 34 

51.5 

909.3 285 11' 

703.5 211 26 
406.9 

88.8 

Coyote 2 referencc 

s a l t  reference mark, 

mark, 1912. 

1912. 

1 J(lllll/ 
!oyote 2. . . . . . 143.0 , 

Murdock referenct 
mark, 1912. 

alt.. .. . , . .. .. 17.59, 

durdock. ...-. 50.36 

byote 2.. . . . . 1836. 9 
:on _..._...... 5414.5 

$hamrock ..... 8721.8 
%ustang -. .. . . 1474G. 6 
) s o . .  . . . . . . . . . 15645.2 

C o r n e s t o l i e n d o :  
Whdmill, 1913.1 

forth base. 

3hamrock ..... 11126.2 
Kustan% ~. . . 7522.1 
Laguna adre 3098.9 

Demit .._...... 749.5 
Laguna Madro 2677.7 

north base. 

north base. 

McOlo in ' s  Bluff 
Windmill, 1912. 

Demit,lglZ.. . . . . . . 

Laguna Madre 1213.1 

Demit __.... ... 4240.3 
north base. 

Windmill A, 1912., 

Laguna Modre 2289.2 

Demit _....... . 1183.2 
north base. 

Welburnyshouse,19 

L R ~ U U ~  Madre 1072.3 

Demit .._. ..... 2553.7 
north base. 

Shed onend of whai 
northeast gable: 
1912. 

Channel stake wit 
cross, L n g u n  
Madre,l 1912. 

Channelstake in Lc 
guna,l1912. 

Channelstakein L; 
G W R , l  1912. 

WhdmillD, 1912.. Demit _._. . . . . . 2739.4 
Grants 2.. . . . . 9005. I 
Laguna Madre 690. ( 

north base. 
Pass.. . . . . . . . . 10318.: 
Sandhill ..._.. 13901., 

Windmillnear barr 
1912. 

ISl8nd .... . . . . . 4084.: 
Laguna Madre 2730. : 

south base. 
Island ___... . . . 5104.; 
Laguna Madre 2874. 

south base. 

Mexican house (ce 
ter),l 1912. 

Z. 15715 

I. 24527 

1.70209 

3. 204077 
3.733555 

3.940G06 
4.1G8091 
4.194382 

I .  839814 
I. 529658 

3.898Z93 
1.011770 
5.483068 

1.040347 
3.870341 
3.491911 

2.874781 
3.427155 

3.083888 

3. 627$92 

3.359677 

3.073052 

3.030308 

3.407162 

3.437650 
3.954187 
2. X39,216 

4.013488 
4.143009 

3.097601 
3.436270 

3.707918 
3.488595 

3.665782 
3.362951 

3.987403 
3.605305 
3.198798 

3.596501 
4.003088 

Windmillnear grec 
roofed house,llgl 

Brlghton &hoc 
house,east gable 
1912. 

17 41 42.613 
37 15 39.555 

27 41 38.327 
47 15 25.115 

Windmill, near DL 
can's house, 1912 

1311.7 268 12 56. 
1083.8 281 19 24. 

21 37 14. 

1179.7 229 07 03. 
688.2 267 07 09. 

29 20 42. 

TRIAXTGULAWON I N  TEXAS. 53 

Point Isabel t o  Corpus Christi-Continued. 

27 40 21.36 
97 15 43.33 

27 40 31.573 
97 16 11.683 

657.5 71 57 23 

205 47 08 

971.8 223 33 43. 
320.2 307 23 16. 

20 33 04. 

1187.4 

!7 08 25.58 787 3' 262 36 35 
17 28 02.84 I 7 8  2) 349 20 39 

27 38 52.65 
97 17 22.85 

27 38 50.07 
97 17 05.71 

27 38 53.90 
97 17 02.06 

27 38 38.45 
97 17 16.10 

27 38 17.207 
97 17 32.364 

!7 49 33.422 1028.8 327 21 01.' 
I7 13 09.757 267.0 345 03 05.1 1 1 35 43 12.. 

1617.5 318 32 26 
839.1 344 24 05 

1541.2 0 35 39 
156.51 18 28 05 

1659.0 1 4 2  16 
56.5 19 36 59 

1183.5 3 8  06 49 
441.3 14 34 03 

529.6 313 08 31 
887.2 350 17 52 

4 51 47 

i7 41 36.057 1109.9 266 17 22.; 
I7 15 01.7~~1 76.31 38 59 51. 

Island ......... 
Laguna Madre 

south base. 

Pass.. . _._ ._._ 
Island ..__.__. 
Laguna Madre 

south base. 
Island _._..... 
PnsS ....._.... 

4032. 
2306. 

9714. 
4030. 
1584. 

3940. 
10071. 

27 39 32.18 990.5 166 52 40 
97 16 10.48 287.2 I I 205 56 25 
27 41 00.19 
97 15 18.31 1 5o!:!l 

48 08 54 

201 04 19 

Back 
rzimuth. 

0 , ,, 
83 41 32 

LO5 11 

31 26 

82 37 05 
169 20 56 

147 22 21. E 
165 04 09.7 
215 40 36.6 

86 19 19.1 
218 59 15.5 

88 15 lo.( 
101 19 41.1 
201 36 55.t 

49 09 26.: 
87 09 17.: 

209 20 16.q 

55 55 40 
214 18 42 

346 52 35 

25 56 56 

228 08 25 

21 04 26 

251 57 05 

25 47 26 

43 34 15. 
127 25 17. 
200 33 00. 

138 34 21 
164 25 08 

180 35 38 
198 27 50 

181 42 13 
199 36 43 

177 06 53 
194 33 53 

133 10 31. 
170 18 03. 
184 51 45. 

66 11 13 
96 11 05 

I-l- 

6915.3 
,agiina%~%~ 3385.8 
4fustan I north base. 
Hustang.. .... 7912.1 
Demit .. . . ..._ 1027.5 
Leauna Madre I 3047.7 

1 No check on this position. 
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. 

827.7 
100.8 

162.2 
857.4 

512.7 
943.7 

U . S . COAST AND GEODETIC SURVEY . 

D , I ,  

320 16 32 
351 41 43 

231 45 41 . . 
257 19 47 . 
357 40 32 . 
224 23 W.! 
315 58 39 . I  

Station . 

,190.3 
860.4 

Supplementary 
points-Contd . 

House. red roof 
center.11912 . 

235 03 25 . I  
269 31 21 . : 
307 30 22.! 
357 36 36 . : 

Barnes's house. sout 
gable. 1912 . 

225.9 
395.4 

1634.7 
:329.2 

,641.8 
1312.4 

1073.8 
613.3 

Puzzle. 1912 ........ 

281 38 33 
300 11 29 

263 48 49 
288 13 46 

263 50 09 
288 19 01 

166 37 43 . ! 
243 52 38 . . 

Windmillat Barnes' 
house. 1912 . 

Sandhill ...... 
South Bird .... 
Sandhill ...... 
South Bird .... 
Sandhill ...... 
SouthUird .... 
Hardpan ...... 
Sandhill ...... 
South Bird .... 
IIardpan ...... 
Sandhill ...... 

Windmill; 1912 .... 
T w i n  Windmills 

south twin. 1 1912 . 
T w i n  Windmills 

north twin: 1912 . 
South Bird. 1912 .... 

13664.0 4.135577 
10344.5 4.014708 

12744.2 4.105312 
7690 . 2 3.885938 

12726.7 4.104716 
7676.4 3.885155 

7885.1 3.896807 
6562.9 3.817097 

3Ms.2 3.506402 
5860.0 3.767894 
3985.8 3.800513 

North Bird. 1912 .... 

L005.6 
827.0 

Lone BpanishdaggeI 
1912 . 

I 

Stake on flat of 
South Bird Island 
1912 . 

Wind,' 1912 ....... 
LargeMotte approx 

imatecenter. 11912 

Lone pita. doubll 
highest point. 1191 

Bums Vista Hotel 
s o u t h  chimnoy. 
1912 . 

Bums Vkta Hotel 
n o r t h  chimney. 
1912 . 

89 08 01.' 

226 21 00 . 156 56 39 . 

h e n 8  Vista Hotel 
elevated woodm 
tank.11912 . 

860.9 
986.6 

1815.3 
1275.0 

736:2 
85.7 

546.3 
21.7 

Windmill with tank 
1912 . 

229 06 35 
238 03 05 

215 00 38 
6 18 13 

69 24 50 
112 36 19 

247 00 43 
264 31 50 

Kenedy ranch stand 
pipe. 1912 . 

Rox ........... 
Griffins Point 2 

Rox ........... 
Lonehill ...... 
Agua ......... 
Rabbit 2 ...... 

Agna ......... 
Rabbit 2 ...... 

Agua ......... 
Rabbit 2 ...... 

Murdock ...... 
l'enescal2 .... 
Rabbit 2 ...... 

Point Isabel to Corpus Christi.-Continued . 

2544.0 3.4055111 
7882.4 3.896860 

3429.8 3.535263 

10904.6 4.0371308 
15612.3 4.193464 

10897.6 4.037332 
156G9.8 4.193397 

11027.6 4.042480 
15746.6 4.197186 

10752.9 4 . a11526 
4854.9 3.686178 
9055.6 3.956910 

6757.0 3.829<57 

Latitude 
and 

longitude . 

561.7 
20.6 

0 . . .  
27 39 26 . 89 
97 17 40 . 16 

27 34 37.75s 
97 19 31.2.5 

27 34 49.14: 
97 18 34.405 

27 34 38.67: 
97 19 31.36C 

27 33 07.34 
97 23 14.41 

27 30 53.11 
97 22 48.43 

27 30 53.34 
97 22 47.82 

27 29 34.881 
97 18 22.34: 

27 31 07.17( 
97 17 27.92: 

27 29 35.58: 
97 17 30.1% 

27 29 30.51 
97 19 24.52 

27 27 27.97 
97 22 35.93 

97 25 46.38 

27 22 23.92 
97 21 03.12 

27 17 17.75 
97 40 00.79 

27 17 18.25 
97 40 00.75 

27 17 17.89 
97 40 05.70 

27 14 35.11' 
97 26 45.70' 

27 13 00.34' 
97 41 42.51; 

27 ie  58.98 

241 04 59 
264 35 08 

oters . 

550.7 
156.7 

247 18 19 
264 36 30 

10.7 
1170.1 

226 29 m . 
242 49 31 . 
280 41 06 . 

~ m . 7 1  27 44 27 . . 
766.3 145 31 55 . 

256 26 08.1 

939.1 59 51 14 
673.11 179 08 04 

135 44 31 . 

Back 
azimuth . 

0 . . .  
140 18 35 
171 41 58 

51 46 5n.i 
77 20 14 . 

177 40 33 . 
44 23 49., 

136 00 15 . 
55 04 32 . 
89 34 15 . 

127 32 24 . 
177 36 37 . 
101 42 18 
129 13 44 

83 52 22 
108 15 49 

83 53 42 
108 21 04 

346 37 12 . 
54 54 08 . 

207 44 02 . 
325 30 59 . 
76 27 13 . 

269 07 37 . 
336 55 44 . 
46 22 15 . 

239 50 28 
359 08 02 

49 07 17 
58 06 32 

35 01 02 
186 17 59 

249 23 04 
292 35 26 

67 03 30 
84 36 09 

67 07 46 
84 39 27 

67 21 08 
84 39 51 

135 54 42 . 
273 45 35 . 
315 42 46 . 
46 33 03 . 
62 54 36 . 
80 46 35 . 

1 No chock on this position . 

Tostation . 1 i ri%?bf . distance . 

1-1- 
Pass .......... 
Island ........ 
rslrtnd ........ 
I'uzzle ........ 
Hardpan ...... 
Island ..... ....I 3403: 2/ 3.531885 
Sandhill ...... 8200 7 3.913852 

Island ......... 4809.7 3.682118 
Pass .......... 10352.5 4.015046 
Sandhill ...... 9154.5 3.901W6 
IIardpan . I  ...... 1680.8 I 3.225516' 

South Bird .... 
Hardpan ...... 
Sandhill ...... 
Landlng ...... 
Hardpan ...... 

I.anding ...... 
Sandhill ...... 

Aula ......... 
Rabbit 2 ...... 
Penescal2 .... 



THIANGULATION I N  TEXAS. 55 

For the convenier,ce of the draftsmen of this office there are given 
the following unadjusted positions of stations which are lost or for 
Some reason have no value except’for the coordination of the old 
work: 

Lost stations. 

POINT ISABEL TO CORPUS CHRISTI. 

Btation. 

Shamrock Island barn, 
southwest gable, 1905. 

Thompsons, 1876.. ....... 

Flour ulufp, 1860.. ....... 

Windmill No. 2, 1905 ..... 

Windnull No. 1,1905.. ... 
Water tank near Laguna 

Madre, north base, 1905 

Jack, 1877.. .............. 

Itittor’s windmill, 1905. . 

Grants, 1877 .............. 

Camp, 1876. .............. 
Padre, 1906. ............. 
Brighton post omw, nortl 

gable,l1805. 

Ford, 1877.. ............. 

Paat Island, 1877.. ....... 

Chappa, 1877.. .......... 

Bird, 1877 ................ 

Peg, 1877 ................. 

Mott, 1877 ................ 

Richards, 1877. ......... 

Cow, 1877. .............. 

Camp No. 2,1877 ......... 
\ 

Frank, 1877.. ........... 

point of Rooks, 1877.. .. 

LatitIIdQ 
and 

ongicude. 

0 , ,I  

27 45 47.6s 
97 10 08.51 

27 43 11.60 
97 08 37.95 

27 42 00.46 
97 18 12.88 

27 41 33.15 
97 15 35.02 

27 40 34.40 
97 17 18.30 

27 40 12.83 
97 16 21.23 

27 39 22.00 
97 16 31.37 

27 39 13.34 
97 10 57.89 

27 38 28.42 
97 11 17.31 

27 37 35.87 
97 13 32.40 

27 36 56.35 
97 13 45.40 

27 36 41.82 
97 18 00.01 

27 36 16.33 
97 13 46.10 

27 34 48.15 
97 18 42.71 

27 32 59.77 
97 14 14.07 

27 31 00.87 
97 10 08.28 

27 31 47.06 
97 20 14.06 

27 28 21.14 
97 21 59.7a 

27 26 20.51 
97 17 34.Z 

27 25 2 0 , s  
97 22 13.9i 

27 23 15.2f 
97 20 22.11 

27 22 45.7f 
97 28 35.9; 

27 21 42.X 
97 23 57.9; 

1 

ieconds 
in 

netors. 

1467.8 
233.1 

354.0 
1039. 6 

14.2 
352.9 

1020.2 
959.7 

1058.9 
446.8 

388.8 
581.7 

679.0 
859. 8 

410.5 
1580.7 

874.8 
474.5 

1104.1 
888.3 

1734.4 
1244.8 

1287.2 
0.3 

502.0 
1264.2 

1482.1 
1171.5 

1839.7 
380.0 

28.8 
220.7 

1448.2 
385.8 

650.7 
1639.1 

631.3 
841.7 

024.5 
383.7 

470.6 
607.5 

1409.4 
9% 4 

1317.0 
1593.1 

Station. 

Whoolbarrow, 1577.. ..... 

Willow, 1877.. ........... 

LConody, 187;. .......... 

Proo, 1877.. .............. 

Bovido, 1877.. ........... 

Rabblt, 1877.. ........... 

Kenedy’s warohouso 

arimns Point, 1877 ...... 
Penesml, 1877.. ......... 

south gablo, 1877. 

Crawford, 1877.. . .: ..... 
Ponesaal hou’re, nort:~ ga. 

Shells, 1877 ............. 

Rock Pen, 1877.. ....... 

Murdock’s Iandiq& 1877. 

Coyote, 1877.. .......... 

ble, 1877. 

\‘enando, 1877.. ........ 

Gum pon, 1878 .......... 
Indian, 1878 ............. 

Station TIIII, 1878.. ..... 

New, 1878 ............... 
Sand, 1878. ............. 

Stoley, 1878.. .......... 

Avocn, 1878. ........... 

> chock on this position. 

Latitude 
and 

longitude. 

0 , 0 

27 20 45.47 
97 19 41.14 

27 19 11.64 
9: 21 27.49 

27 18 53.43 
97 26 38.58 

27 17 54.17 
97 35 56.81 

27 17 27.08 
97 39 35. 82 

27 17 49.08 
97 30 47.27 

27 16 39.31 
97 30 54.48 

27 15 44.36 
97 26 17. 86 

27 11 64.79 
97 29 19.02 

27 14 28.56 
97 35 30.76 

27 14 26.25 
97 30 04.20 

27 13 54.71 
97 21 35.82 

27 12 57.54 
9: 25 55.06 

27 11 16.55 
97 22 51.43 

27 09 05.55 
97 28 49.34 

27 OR 11.35 
97 22 30.37 

27 05 04.86 
97 23 08.90 

27 01 37.01 
97 27 32.51 

27 MI 62.M 
97 22 48.22 

26 59 44.H 
97 27 04.41 

26 57 25.Z 
97 23 18.3E 

26 54 34.M 
97 23 15 .s  

26 53 35.71 
97 28 40.0! 

- 
3econds 

i n  
meters. - 

1399.5 
1130.8 

358.3 
7 s .  8 

1644.5 
1060.7 

1667.3 
1562.2 

833.5 
979.6 

1510.0 
1299.9 

1209.9 
1498.4 

13fi5.4 
491.3 

1686.4 
623.2 

879.0 
548.3 

,507.9 
115.6 

1683.9 
985.6 

1771.0 
1515.1 

609.4 
1415.6 

170.8 
1358.6 

349.3 
830.3 

149.6 
245.2 

1139.1 
898.4 

1615.8 
1328.3 

1357.3 
123.8 

777.1 
606.4 

1072.6 
624.0 

1101.2 
ll(M.1 
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- 

Station. 

Santa Cruz,l879.. ........ 

Crane, lone palmetto trer, 

Oil, 1879. ................. 

Cat,1879.. ................ 

Snipe, 1879 ................ 

Mesena, 1867.. ............ 

Brazos Bearon, 1807 ........ 

Wolf Trap, 1854.. ........ 

Bora Chica 2,1867.. ...... 

Rio Crando Observatory, 

1'379. 

1853. 

Station. 

Crossing, 1878. ........... 

Mosquito, 1878.. ......... 

Tank, 1878.. ............. 

Rainy, 1878. ............. 

Portalis, 1878 ............ 

Gladiator, 1878.. ......... 

Brant, 1879.. ............ 

Bonnet, 1878.. ........... 

Waterhole, 1479.. ........ 

Duck, 1879.. ............ 

Pelican, 1879.. ........... 

Latitude 
a n d  

longitudo. 

0 I ,, 
26 24 35.30 
97 14 04.32 

26 22 19.16 
97 14 59.64 

20 20 27. W 
97 12 17.54 

2 6 19 42.91 
97 19 33.48 

26 14 30. Ro 
97 18 23.18 

16 05 07.46 
97 17 02.04 

26 03 40.13 
97 09 14.91 

26 00 20.28 
97 12 53.76 

26 00 19.31 
97 09 08.91 

25 57 17.15 
97 OR 49.31 

Lost stations-Continued. 

POINT ISABEL TO CORPUS CHRISTI-Continuod. 

Latitudo 
and 

longitudo. 

0 , I ,  

26 50 66. X5 
97 22 30.51 

26 48 15.84 
97 28 47.M 

26 46 20.67 
97 20 36.98 

26 41 57.55 
97 20 00.78 

26 38 34.44 
97'26 53.71 

26 37 12.10 
97 17 46.09 

28 34 17.02 
97 17 21.73 

26 30 27.81 
97 24 42.48 

26 30 42.75 
(17 15 25.11 

26 27 47.31 
97 14 48.78 

26 24 33.48 
97 22 45.76 

Seconds 
in  

meters. 

1749.7 
842.3 

467.5 
1321.3 

913.2 
1021.6 

1771.2 
21.6 

1059.9 
14% 3 

372.4 
1275.0 

623. 8 
601.4 

855.9 
1176.3 

1316.6 
695.3 

1456.9 
1351.3 

1030.3 
1268.0 

DESCRIPTION OF STATIONS. 

~ 

kconds 
in 

Doters. 

10%. 4 
119.7 

589.6 
1653.4 

486. 4 

1320. B 
928.6 

947.8 
643.3 

229.7 
56.0 

1234.9 
414.4 

901.2 
1194.9 

694.3 
247.7 

527.8 
1371.9 

847. a 

- 

This list may be conveniently consulted by reference to the illustra- 
tions at  the end of this publication or to the index. All aziniuths 
given in the descriptions are reckoned continuously from true south 
around by west to 360', south being O', west goo, north 180°, and 
east 270'. Where magnetic azimuths are given they are indicated 
as such. 

In general, except where the contrarj is specificially stated, the 
surface and underground mark are not in contact, so that a dis- 
turbance of the surface mark will not necessarily affect the under- 
ground mark. "lie underground mark should bs resorted to only 
in cas& where there is evidence that the surface mark has been 
disturbed.- 

The name and dates given in each description immediately after 
the county refer to the chief of party by whom the station was 
established, the date of the establishment of the station, and tho 
date whcn the station was last recovered. 

Anx person who finds that one of the stations herein descsibed 
has been disturbed or that the description no longer fits the facts 
is requested to send such intormation to the Superintendent, Coast 
and Geodetic Survey, Washington, I). C. 
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MARKING OF STATIOSS. 

The standard disk station and reference marks referred to in the 
following descriptions and notes consist of a disk and shank of brass 
cast in one piece, as shown in figure No. 10. The disk of the station 
mark is 90 mm. in diameter, with a hole a t  the center surrounded 
by a 20 mm. equilateral triangle, and has the following inscribed 
legend: “U. S. Coast and Geodetic Survey Triangulation Station. 
&’or information write to the Superintendent, Washington, D. C. 
$250 fine or imprisonment for disturbing this mark.” The shank 
is 25 mm. in diameter and 80 mm. long, with a slit a t  the lower end 
into which a wedge is inserted so that when it is driven into a drill 
hole in the rock i t  will bulge at  the bottom and hold the mark firmly 
in place. 

The standard disk reference mark, shown in figure No. 10, is the 
Dame size and shape as the station qark; with an arrow on the top 
in place of the triangle, which, when properly set, points to the 
station. The legend is the same, except the words “reference 
niark” take the place of the words “triangulation station.” 

The following notes on the marking of stations are made as general 
as possible in order that it may not be necessary in the field to de- 
scribe small and unimportant variations: 

NOTES DESCRIBING SURFACm AND SUBSURFACE STATION MARKS, 
REFERENCE, AND WITNESS MARKS. 

Note 1.-A sttmdard disk station mark set i n  the top of ( a )  a square block or post 
of concyete, ( b )  a concrete cylinder, (c) an irregular mam of concrete. 

Note $.--A standard disk station mark wedged in a drill hole in outcropping bed 
rock ( a )  and surrounded by a triangle chiseled in the rock, ( b )  and surrounded by a 
circle’chiseled in the rock, ( c )  at the intersection of two lines chiseled in the rock. 

Note $.-A standard disk station mark set in concrete in a depression in outcropping 
bedrock. 

Note -+.-A standard disk station mark wedged in a drill hole in a bowlder. 
Note 5.-A standard disk station mark set in concrete in a depression in a bowlder. 
Note 6.-A standard disk station mark set in concrete a t  the center of the top of a 

tile (a )  which is embedded in the ground, (a) which is surrounded by a mass of con- 
crete, (c) which is fwtened by means of concrete to the upper end of a long wooden 
pile driven into the marsh, (d) which is set in a block of concrete and projects from 
12 to 20 inches above the block. 

Note 7.-A block of concrete 3 feet below the ground containing at the center of 
ita upper surface ( a )  a standard disk station mark, ( b )  a copper bolt projecting slightly 
above the concrete, ( c )  an iron nail with the point projecting above the concret?, 
( d )  a glass bottle with the neck projecting a little above the concrete, ( e )  an earthen- 
ware jug with the mouth projecting a little above the concrete. 

Note 8.-In bedrock (a) a standard disk station mark wedged in a drill hole, ( b )  
a standard disk station mark set i n  concrete in a depression, (c) a copper bolt set in 
cement in a drill hole or depression, (d )  an iron spike set point up in cement in  a drill 
hole or depreaaion. 
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Note g.--In a bowlder 3 feet below the ground ( a )  a standard disk station mark 
wedged in a drill hole, ( b )  a standard disk station mark set in concrete in a depression, 
(c) a copper bolt set with cement in  a drill hole or depression, (d )  an iron spike set 
with cement in a drill hole or depression. 

Note IO.-Embedded in earth 3 feet below the surface of the ground (a )  a bottle i n  
an upright position, ( b )  an earthenware jug in an upright position, (c) a brick in a 
horizontal position with a drill hole in  its upper surface. 

Note II.-A standard disk reference mark with the arrow point.ing toward the 
station set at the center of the top of (a) a square block or post of concrete, ( b )  a con- 
crete cylinder, (c) an irregular mass of concrete. 

Note 12.-A standard disk reference mark with the arrow pointing toward the 
station ( a )  wedged in  a drill hole in  outcropping bedrock, ( b )  set in concrete in a 
depression in outcropping bedrock, (c) wedged in a drill hole in a bowlder, (d) set in 
concrete in a depression in  a bowlder. 

Note Is.-A standard disk reference mark with the arrow pointing toward the 
station, set in concrete at the centec of the top of a tile (a )  which is embedded in the 
ground, ( b )  which is surrounded by a mass of concrete, (c) which is fastened by means 
of concrete to  the upper end of a long wooden pile driven into the mmh,  ( d )  which 
is set in a block of concrete and projects from 12 to 20 inches above the block. 

Note 14.-A conical mound of earth surrounded by a circular trench. 
Note 1 5 . 4 ~  tree marked with (a )  a triangular blaze with a nail at the center and 

each apex of the triangle, ( b )  a square blaze with a nail at the center and each corner 
of the square, (c) a blaze With a standard disk reference mark set at  its center into 
the tree. 

Note 1 6 . T h i s  station is marked by a cement post which is 24 feet long and 74 
inches in diameter, incased in a pipe of tin. A standard disk station mark is set into 
the center of the top of the column. The subsurface mark is a nail or small wooden 
peg set into a small quantity of cement, which is G inches below the cement post. 
Six inches of sand or earth separates the surface and subsurface marks. The top of 
the surface mark projects about 2 inches above the ground. 

Note I7.-The reference mark is a cement poat 2$ feet long and 74 inches in diame- 
ter, incahled in a pipe of tin. A standard disk reference mark is set into the top of 
the post. The tablet has an arrow which points toward the station. The top of the 
cement post is about G inches above the ground. 

Note lS.-The station is marked by a cement posit which is 24 feet long ind  74 
inches in diameter, incased in a pipe of tin. A standard disk station mark is set 
into the center of the top of the post. The subsurface mark is a piece of lead or 
copper set into a piece of coral rock. Six inches of sand or earth separates the 
surface and subsurface marks. The top of the surface mark projects about 2 inches 
above the ground. 

Note Ig.-The station mark a standard disk station mark set into a cement post 
which is incased in  a square wooden box. The cement post h G inches square and 
2 feet long and projects from 2 t o  6 inches above the surface of the ground. The 
subsurface mark h a small amount of concrete into which is placed a small round 
stick to mark the center of the station. About 3 inches of earth or sand separates 
the surface and subsurface marks. 

Note 2O.The  reference mark is a standard disk reference mark set into a cement 
post which is incased in a square wooden box. The cement post is G inches square 
and 2 feet long and projects from 2 to 6 inches above the surface of the ground. 

Note 21 .-The reference mark is a cement post 24 feet long and 54 inches in diame- 
ter, incased in a pipe of tin. A standard disk reference mark is set into the top of 
the post. The tablet has an arrow which points toward the station. The top of the 
cement post is about 6 inches above the surface of the ground. 
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Note 22.-Trenches about 1 4  feet deep and 2 feet wide were dug out from the station 
north, east, south, and west directions to serve as referelice or witness marks. 
Note 2J.-The station is marked with the point of a nail projecting from a block of 

concrete set about 3 feet below the surface. Above this block are several inches of 
earth or sand, then a larger cylinder or block of concrete extending to the surface, 
With the point of a large nail projecting from it, The nails indicate the center of the 
station. The letters U. S. C. & G. S., with date of establishment of the station, are 
cut into the top of the surface mark. 

Note @.-The underground mark is a block of concrete set into the ground with 
its top about 3 feet below the surface. The point of a large nail projecting from the 
concrete indicates the center of the station. 

Note 25.-The reference mark is a cylinder of concrete about 3 feet long from the 
center of the top of which projects the point of a large nail. 

Note 26.-The surface mark is the point of a nail projecting from the top of a column 
of concrete about 2 feet long, which is imbedded in the ground. 

Note 27.-The surface mark consists of a piece of terra-cotta sewer pipe 4 inches in 
diameter and 2 feet long, filled with concrete and incased in a cylinder of concrete 
about 18 inches i n  diameter and 2 feet long. In the center of the top of the pipeis 
Placed a large Wire spike, the point of which projects about % inch above the con- 
crete and indicates the center of the sttltion. The top of the column of concrete is 
marked U. S. C .  & G. S. 1905. The subsurface mark consists of a piece of terra- 
cotta sewer pipe, 4 inches in  diameter and 2 feet long, filled with concrete and incased 

a cylinder of concrete 12 inches in diameter and 2 feet long. The point of a spike 
Projecte about % inch above the center of the top of the concrete and' indicates the 
center of the atation. The surface and subsurface marks are separated by about 6 
inches of sand. The reference mark a piece of terra-cotta sewer pipe, 4 inches in 
d h e t e r  and 2 feet long, filled with concrete and incased in a concrete cylinder 
about 12 inches in diameter and 2 feet long. The point of a large epike projecting 
from the center of the top of the column of concrete is the center of the reference mark. 
The top of the column of concrete is even with the surface of the ground. 

Note $&-The station is marlced at  the surface by a cedar stub with a copper tack 
h ita top; the stub projects from 6 to  18 inches above the surface of the ground. The 
eubsurface mark is a concrete pyramid or coral rock, buried from 3 to 4 feet below the 
surface of the ground, with a hole in the center of the top filled with lead. Four ref- 
erence stubs were placed around the station at distances of from 4 to 6 feet from the 
station. These stubs were usually of cedar. 
note $9.-The subsurface mark is a concrete pyramid or coral rock, buried from 

3 to 4 feet below the surface of the ground, with a hole in the top  filled with lead. 
!here is no surface mark except the center pole of the signal on which observations 
Were made. 

NmETY-EEGI.HTH MERIDIAN, ALIUE TO RIO QRANDE AND POINT IBABEL. 

PRINCIPAL I'OINTB. 

wood (Jimwells County, W. H. Burger, 1904; 1913).-Nine,miles S. 87' E. of Alice, 
3% miles south of the Mexican National Railway, in a large pasture owned by John H. 
Wood, who lives in Beeville, and leased to a Frank A. Welder, of 'Victoria. The 
station is near a windmill and circular tank in the pasture, being 35.73 meters from 
the windmill, in azimuth 25O 27.9/, and 22.50 meters from the nearest edge of the tank. 
The tank and windmill are on a small ridge and are inclosed in a fence. The station 
W W  marked in the following manner : A hole waa dug 18 inches in diameter to a depth 
Of 2 feet, then 1 foot in diameter to a depth of 4% feet. In  thin waa set the lower or 
underground mark, a 2-inch iron pipe, 2 feet long; the hole waa then filled level witha 
the top of the pipe with a concrete made of Portland cement, sand, and broken rock. 
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The pipe was sled with concrete and a 60-penny steel wire nail wm set in the center 
of the top, with ita point projecting inch, to mark the center of the station. over 
this was placed 6 inches of sand. Then the surface mark, a similar piece of pipe, was 
plumbed directly over the lower mark, and the hole and pipe filled with concrete 
level with the surface. A GO-penny steel wire nail set in the center of the top of this 
pipe, with its point projecting, marked the center of the station. The top of the con- 
crete was then covered with % inch of cement, on which were inscribed the letters 
U. S. C. & G. S. and the year. The reference mark, an iron pipe, 2 feet long, set in a 
hole 1 foot i n  diameter, surrounded and filled with concrete, with a 60-penny wire 
nail projecting inch above the top of the pipe, which was level with the surface of 
the ground, is i n  the south corner of the inclosure in which the windmill stands, 2.87 
meters from the windmill, and 33.738 meters from the station in azimuth 209’ 15’. 
The following azimuths are from the triangulation station: Alice Methodist Church 
spire 101’ 20/ 46/’; chimney on large ranch house, distant 4 miles, 9’ 33’ 45/’. In 
1913 the reference mark wm not recovered, as the circular tank, or water hole, had 
been cleaned out and the mark was deeply covered with dirt. The windmill waa 
still standing, but was no longer inclosed by fence. 

Alice west base (Jimwells County, Stehman Forney, 1900; 1913).-Eleven miles by 
road from Alice, 3% miles west of the Brownsville and Alice wagon road, on that part 
of the Coloraras ranch belonging to Lucian0 Garcia, and about 300 yards northeast of 
his house. To reach the station from Alice follow the Brownsville road, which runs 
S. 30’ E., for 8 miles to  a gate leading west to Joe Garcia’s house; this gate is 438 
meters north of the base line where it crowea the Brownsville road. Passing through 
the gate, go westward about 3% miles, past the house,of Joe Garcia, t o  the top of a 
small ridge on which is the triangulation station. The underground stone is 6 inches 
square and 12 inches long, embedded in concrete, with ita top 24 inches below the 
top of the surface stone. This surface stone is of limestone, 24 inches square and 14 
inches deep, and is embedded in a maw of concrete 48 inchessquare and 22 inches deep. 
In each stone the exact center of the station is marked by a station mark composed of 
copper and brass and having a shank 76 millimeters long with a slit in its lower end into 
which a brass wedge is inserted, so that when the bolt is driven home it bulges at  the 
bottom of the hole, which is made larger there than at the top, and in this manner the 
mark is securely fastened in place. The top of the station mark is 80 millimeters in 
diameter, with an inner.circlc (countersunk) 37 millimeters in diameter. The letters 
U. S. C. & G. S. @re cast on the space between the inner and outer circles. The 
station mark in the underground stone is protected by a wooden box. The reference 
mark, an iron pipe 2 feet long, set in a hole 1 foot in diameter, surrounded and filled 
with concrete, with a 60-penny nail projecting inch above the top of the pipe, 
which was level with the surface of the ground, is at the same elevation as the station 
and 36.335 meters from it in azimuth 197’ 54/ 54//; it is 18 paces south of the wagon 
road leading south to several Mexican shacks. The following azimuths are from the 
triangulation station: North gable Mexican shack, distant W mile, 70’ 24’ 07//; north 
gable of ranch house, distant 3 miles,  155’ 53/ 44/’; north chimney of Mexican shack, 
distant % mile, 201’ 14’ 48”; Joe Garcia’s windmill, distant % mile, 262’ 49/ 33//. 
King (Nueces County, C. Q. Hodgson, 1913).-On a rather prominent low lcnoll 

about 5% miles from Kingsville, in azimuth 296’ 53/ 03//, fmm the standpipe there 
and 3 miles from the King home ranch, in azimuth 328’ 11’ 42” from it, a few meters 
east of the Alice-Kingsville and King ranch wagon road in a pasture owned by Mrs. 
King. The station marked as in notes l b  and 7a,l with a reference mark asdescribed 
in note 11b,I set 16.338 meters (53.60 feet) from the station, in azimuth 52’ 25/ 07/’, 
at  the same elevation as the station mark and almost in the line of the telephone poles 
a t  the west side of the road. 
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Bishop (Kleberg County, C. V. Hodgson, 1913).-About 1% miles east and % mile 
south from Bishop, in south side of small pasture on land owned by R. T. Moudy, 
and about mile south of his house, near the main road leading east frum Bishop. 
The station is marked as in notes l b  and 7a,l with a reference mark, as described in 
note l lb , l  set 204.29 meters (670.2 feet) from the station, in azimuth 287’ 36) 32/’, in 
a boundary fence line at same elevation as station mark. 

KZeberg em. (Kleberg County, C. V. Hodgson, 1913).-About 7 miIes south and 4 
miles east from Kingsville, 234 miles east and 1 mile south from Ricardo, on land 
owned by the Kleberg Land & Improvement Co., near the east side center of block 
57, on a amall ridge covered by mesquite trees and about 75 meters (246 feet) weat of 
the wagon road. The station is marked asin notes l b  and 7a,l with areferencemark, 
as described in note llb,l set 20.070 meters (65.8 feet) from the station, in azimuth 
190’ 16’ 37/’, and at same elevation as the station. Station is occupied eccentrically 
and all lights shown from the eccentric station. 

Ricardo (Kleberg County, C. V. Hodgson, 1913).-About 6% miles west and 2 miles 
south from Rickdo, 7 miles south 10 degrees west from the King home ranch, on 
a small knoll covered with mesquite trees on land owned by Mrs. King. A wind 
pump at an artesian well is about 1 mile distant, in  azimuth 283’ 04/ 38”. No roads 
opened near-by at present. The station is marked as in notes l b  and 7a,l with a ref- 
erence mark, as described in note llb,I set 29.465 meters (96.7 feet) from the station, 
in azimuth 278’ 04’ 56/’, and at the same elevation as station mark. 

Riwiera (Kleberg County, C. V. Hodgson, 1913).-About 4 miles due west from 
Riviera, near the center of the top of a rather prominent round knoll, on pasture 
land owned by Mrs. King, the only elevation of the kind in the vicinity. The sta- 
tion is marked as in notes l b  and 7a,l with a reference mark, as described in note l lb? 
set 30.780 meters (101.0 feet) from the station, in azimuth 265’ 4W and at the same 
elevation as station mark. 

Robbins (Kleberg County, C. V. Hodgson, 1913).-About 4% miles, in azimuth 
81’ 27’ 25//, from the Riviera schoolhouse and of a mile north of the Riviera Beach 
Railroad, on Iand owned by Mr. S. C. Kile, of San Antonio, and now rented by Mr. 
Charles Robbins. The southeast corner of Mr. Robbins’s house is 22.6 meters (74.1 
feet) distant, in azimuth 70’ 53’ 2V. The station is marked as in notes l b  and 7a,1 
with a reference mark, as described in note l lb,l  set 25.44% meters (83.5 feet) from 
the station, in azimuth 172’ 17’ 33” and at  the same elevation as the station mark. 

Saritu (Willacy County, C. V. Hodgson, 1913).-About 534 miles southeast from 
Sarita, in  azimuth 141’ 41’ 22/’, from the standpipe there, in  one of John Kenedy’s 
pastures, on a high sand knoll known locally to the range riders as La Cruz, owing to its 
being at  the intersection of two ridges. The knoll is covered with live oak bushes 
and surrounded by live oak timber for several miles, being about 2 miles from the 
north edge of the timber. The station is marked as in notes l b  and 7a,l with a ref- 
erencemark, as described in  note llb,l set 16.44 meters (53.9 feet) from the station 
(horizontal distance) and 3.45 meters (11.3 feet) below it, in azimuth 293’ 05/ 36”. 

Rozu (Willacy County, C. V. Hodgson, 1913).-About 6% miles southwest from 
Sarita, on the Santa Rosa ranch, about 300 meters southeast of the ranch house and 
32 paces southeast of a Mexican shack. The station ia marked a8 in notes l b  and 7a,* 
with a reference mark, as described in note llb,’ set on the south side of a wire 
fence, 21.120meters (69.3 feet) from the station, in azimuth 94’ 11/56” andatthesame 
elevation as the station. 

Turwtte (Willacy County, C. V. Hodgson, 1913).-About 4% miles from the section 
house at Turcotte, in azimuth 302’ 20’ 50’’ from it, at the center of the top of a promi- 
nent knoll on the north side of a large salt lake, about 10 meters (33 feet) from the tog 
of the bluff at the edge of the lake, on land owned, by John Kenedy. The station is 
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marked as in notes I b  and 7a,l with a reference mark, as described in note llb,1 set 
19.640 meters (64.4 feet) from the station (horizontal) and 1.22 meters (4.00 feet) 
below it, in azimuth 82’ 25’ 22”. 

Kmedy (Willacy County, C. V. Hodgson, 1913).-About 3 miles from the section 
house at  Turcotte, i n  azimuth 68’ 30/ 27” from it, on a sand knoll in the Kenedy 
pastures, about 75 meters (246 feet) to the eastward of an old wagon trail leading from 
the southwest to an artesian well, which k at the north edge of a large thicket of 
bushes about 1 mile from the station, in azimuth 192’ 01/ 18//. The station is marked 
as in notes l b  and 7a.l The last time the station wm visited, in 1913, the reference 
mark was covered by sand and could not be found. 

Armstrong (Willacy County, C.V. Hodgson, 1913).-About 3 miles from the railroad 
water tank at  Armstrong, i n  azimuth 124’ 13/ 54/’ from it, about 2 miles from the 
Armstrong ranch house in azimuth 163’ 31’ 16”, on a sand knoll in the vicinity of a 
number of shifting ssnd hills in the Armstrong pastures. The station is marked aa i n  
notes l b  and 7a,l with a reference mark, as described in  note llb,1 set 23.325 meters 
(76.5 feet) from the station in azimuth 341’ 57/ 28// and at  the same elevation aa the 
station. 

Kathmh~ (Willacy County, C.V. Hodgson, 1913).-About 5 miles from the railroad 
water tank at  Armstrongin azimuth 249’ 13/ 34/’fromit, on a rounded knoll in the Arm- 
strong pastures and about 1 mile south of an artesion well which is about on the line 
to Turcotte from the station. The station is marked as in notes l b  and 7a,1 with a 
reference mark, a~ described innote l lb,l  set 27.280 meters (89.5 feet) from the station 
in azimuth 355’ 08/ 37// and at  the same elevation as the station. 

Vinson (Willacy County, C. V. Hodgson, 1913).-About 7 miles from Norias railroad 
station in azimuth 252’ 48’ 31” from the large white house about 50 meters (164 feet) 
north of the section house there, about 46 meters (151 feet) north of the plain wagon 
road leading west from Norias, near the center of a rounded prominent bare knoll. 
A salt lake is a t  south edge of knoll and another a t  north edge, and a wind pump 
a t  south edge of a grove of bushes is about 13 miles from the station in azimuth 250’ 
591 52// and just north of the road leading east to Norias. The station is msrked 

in notes l b  and 7%’ with a reference mark, as described in note lib,] set 22.454 
meters (73.7 feet) from the station in azimuth 346’ 59/ 50/’, and at the same elevation 
aa the station. 
Norim (Willacy County, C. V. Hodgson, 1913).-About 3 miles south from Noriaa 

railroad station and 200 meters (656 feet) east of the tracks, between smile posts 64 
and 65, in the King pastures on a knoll covered with various kinds of bushes. The 
station is marked as in notes I b  and 7a,’ with a reference mark, as described in note 
u b * ,  set 32.17 meters.(l05.6 feet) from the station in azimuth 275’ 46/ 14// and at  
the same elevation as the station. 

Yturria (Willacy County, C. V. Hodgson, 1913).-In the Yturria pastures about 3% 
miles e& of north from the Ytunia railroad station, 5 miles east of south from Ru- 
dolph railroad station in azimuth 170’ 05/ 49// from the water tank there, of a mile 
east of the railroad tracks, and a little south of east from the section post marking the 
south end of section 8 and the north end of section 7, about midway between mile- 

on a small knoll about 200 meters (656 feet) southwest 
from shifting sandhills, with no trees within a radius of 200 meters (656 feet), but 
with mesquite scattered over most of the country roundabout. The station is marked 

in  notes l b  and 7%’ with a reference mark, as described in note llb,l set 24.44 meters 
(80.2 feet) from the station in  azimuth 352’ 53/00’/ and at the same elevation aa the 
station. 

StiZZmn (Willacy county, c. V. Hodgson, 1913).-About 6% miles west and 4 
miles north from Ytunia Railroad station, 14 miles west of north from hymondville, 
3 miles west of north from the Stillman ranch house, and mile east of wagon road 
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which leads from Raymondville to the Stillman ranch and thence north through the 
King pastures to the west of Vimon. An old well lined with hewn curved mesquite 
blocks, surrounded by piles of dirt and a wire fence, is 201.4 meters (660.8 feet) from 
the station in azimuth 178’ 57’ 47//, and an old road leading to the well is 45 paces to 
the west of the station. The station is marked as in notes l b  and 7a,’ with a reference 
mark, as described in note lib,* at the west edge of a small clump of mesquite, about 
a meter from the nearest tree, 23.34 meters (76.6 feet) from the station in azimuth 
259O 41’ 28’’ and at the same elevation as the station. 

Brenner (Hidalgo County, C. V. Hodgson, 1913).-About 5 miles west of Raymond- 
ville, % of a mile west of the Cameron-Hidalgo County line, and 75 meters (246 feet) 
north of center of wagon road leading west from Raymondville, near the center of a 
small cleared bdt uncultivated field belonging to J. P. Brenner, of Raymondville. 
The station is marked as in  notes Ib  and 7a,l with a reference mark, as described in 
note l lb,l  set in the line of the telephone poles aloqg the road, 70.75 meters (232.1 
feet) from the station i n  azimuth 346’ 10’ 59” and at the Bame elevation as the station. 

Raymond (Cameron County, C. V. Hodgson, 1913).-About 2s/i miles east of Ray- 
mondvillg, % of a mile east of the cross road at the northwest corner of the Raymond 
farm, mile east of a small lake at the side of the road, and about 25 meters (82 feet) 
north of the center of the wagon road. The station is marked as in  notes 1b and 7a,1 
with a reference mark as described in  note llb,I set in the fence line on the south aide 
of the road 32.26 meters (105.8 feet) from the station in azimuth 340’ 42’ 26’’ and at 
the same elevation as the station. 

Sebastian (Cameron County, C.V. Hodgson, 1913).-About 1% miles east and %mile 
south from Sebastian and 70 meters south of a line fence with an unfenced wagon 
road along i t a  south Bide, on a slight rounded elevation in a pasture covered with 
mesquite brush. The station is marked as in  notes l b  and 7a,l with a reference mark, 
as described in  note llb,1 set in  the line of the fence mentioned above, 73.40 meters 
(240.8 feet) from the station in  azimuth 211’ 19’ 19’’ and at the same elevation as the 
station. 

mile 
south from Sebastian, % of a mile west of north from the Asadon ranch owned by Sr. 
Cavazw and i n  azimuth 168’ 51’ 38” from the ranch wind pump, about 75 meters 
(246 feet) west of the Cameron-Hidalgo County line, and about 6 meters (16 feet) 
west of a wagon road which 12m8 north and south near the county line. The station 
is marked as in notes Ib  and 7a,l with a reference mark, as described in  note lib,' set 
at the west side of the wagon road, 29.40 meters (96.5 feet) from the station in  azimuth 
180~ 10’ 28” and at the same elevation as the station. 

Hercedes (Hidalgo County, C. V. Hodgson, 1913).-About 3% miles east and 3% 
miles north of Mercedes, M mile west of the Bameron-Hidalgo County line on land 
belonging to a Mr. Woltz, of M ~ B s o u ~ ~ ,  and at present rented by T. E. Blacklock, about 
68 meters (223 feet) from the northeast corner of Mr. Blacklock’s house in the fence 
line on the east side of a lane leading north and about 10 meters (33 feet) north of the 
turn in an irrigation ditch. Heidelberg church is about 1 mile distant in azimuth 
56’ 44’ 55”. The station marked as in notes lb and 7a,l with a reference mark, as 
de8cribedinnotellb,’Setin thefencelineon the eastside of thelanementioned above, 
40.622 meters (133.3 feet) from the station in azimuth 178’ 48’ 46” and at the same 
elevation aa the station. 

Barlingen (Cameron County, C. V. Hodgson, 1913).-About 3 miles west of Harlingen 
and 35 meters (115 feet) north of the center of the Harlingen-Mercedes wagon road, 
on land now covered by mesquite brush. The station is marked as in  notes l b  and 
7a,1 with a reference mark, a8 deticribed in note llb,I set in the fence line on the north 
side of the road, 27.448 meters (90.1 feet) from the station in azimuth 2’ 04’ 09” and 
at the same elevation 

Hidalgo (Hidalgo County, 0. V. Hodgson), 1913.-About 4% miles west and 

the station. 

1 so0 pp. 57-69. 



64 U. S. COAST AND GEODETIC SURVEY. 

(Hidalgo County, C. V. Hodgson, 1913).-About 1% miles northwat of 
Santa Maria and 22 meters (72 feet) east of the old military wagon road, in the yard 
in front of the house rented and occupied by F. N. Johnson and 5 meters (16 feet) 
south of the road leading to his house. Mr. Johnson’s wind pump is about 62 meters 
(203 feet) distant in azimuth 230’ 21’ 24”, a small Mexican cemetery surrounded by 
bushes is about 160 meters (525 feet) distant in azimuth 291°, and the north steeple 
of the Christian Church at Santa Maria is in azimuth 290’ 40’ 16//. The station is 
marked asin notes I b  and 7a.’ The reference mark is Reference Point No. 31 of the 
International Boundary Commkion Survey and is 41.120 meters (134.9 feet) from 
the station in azimuth 212’ 54’ 26”. 

Mitlu (Cameron County, C. V. Hodgson, 1913).-About 6 miles east of Santa Maria 
and 95 meters (312 feet) from the southwest corner of the railroad station at Mitla i n  
azimuth 259O 26’ 18” from it, and about 16 meters (52 feet) south of the center of the 
railroad track. There is only a station at Mitla; no houses are near. The station is 
marked as in notes l b  and 7% l with a reference mark, as described i n  note l lb,l  
which is set on the north aide of the railroad track 42.998 meters (141.1 feet) from the 
dation in azimuth 181’ 52’ 23” and at the same elevation as the station. 

Donnu (Hidalgo County, C. V Hodgson, 1913; 1917).-About % mile southeast of 
Donna, on the west side of a large irrigation canal, on land owned by Dr. Roberta, of 
Donna. The station is marked asin notes l b  and 7a,l with a reference mark, as de- 
scribed in note llb,’ 31.58 meters (103.6 feet) from the station in azimuth 8 O  07/ 08//, 
and at the same elevation as the station. In 1916 the concrete longitude pier of 1913 
had been broken off even with the surface of the ground, but the base is still in place. 
A Mexicanjacnl isabout 25 meters (82 feet) east of north of the station. “Donna1913” 
was stenciled on the metal station and the reference marks. The central tack of 
transit pier is 31.607 meters (103.7 feet) from the station, i n  azimuth 90° 18/ 33//. 

Rio (Hidalgo County, C. V. Hodgson, 1913; 1917).-About 40 meters (131 feet) south 
of the old military road in an open space directly in front of Progresso Village. 
The church at Progresso is about 400 meters (1312 feet) distant, in azimuth 358’ 
24’ 52//. The station is marked asin notes l b  and 7a,I with a reference mark, as 
described in note lib,' set in the fence line, 1 meter (3 feet) east of the gate on the 
road leading from the main road to  Progresso postoffice and church, 42.61 meters 
(139.8 feet) from the station, in azimuth 354’ 05’ 56//, and at the same elevation as the 
station. In  1917, “Rio 1913” was stenciled on the metal station and reference marks. 

Colombres, (State of Tamaulipas, Mexico, 1911; 1916).-At the extreme west of the 
base measured along the side of a tangent of a railroad running from Monterey to 
Matamoras, about 100 meters (328 feet) to the west of the railroad station of the same 
name, and 9% meters (31 feet) to the south of the road. The station is marked by a 
crow on the top of a piece of iron about 1 meter (3.3 feet) in height. The station has 
an elevation of about 30 meters (98 feet). 

Tenacitas (State of Tamaulipas, Mexico, 1911; 1916).-At the extreme eastern end 
of the base Colombres-Tenacitas, about kilometer (4$ mile) to the west of the rail- 
road station Tenacitas, and about 10 meters (33 feet) to the south of the road. The 
station is marked by a cross on the top of a piece of iron about 1 meter (3.3 feet) i n  
height. The station has an elevation above sea level of about 24 meters (79 feet). 

Benito (Cameron County, C. V. Hodgson, 1913).-About 4 miles from the standpipe 
at  San Benito in azimuth 173’ 59’ 23” from it, and about 1 mile from the residence of 
Mr. Thomas in  azimuth 106’ 30’ 38”, on land belonging to the San Pedro de Carrecitos 
estate and probably on Portion No. 8. To reach station, take road running east from 
Mr. Thomas’s residence for % mile to where it crosses a largeresacaand take faint road 
to the south along the east bank of the resaca for about of a mile to where the resaca 

, 
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makes a large horseshoe loop to the west for about % mile. The distance acrom the loop 
at the base of the horsehoe is only about 275 meters (902 feet) and the station is about 
midway of the distance and about 45 meters (148 feet) east of the faint wagon road which 
crosees the base of the loop and continues down the east side of the resaca. The sta- 
tion is marked as in notes l b  and 7a,1 with a reference mark, as described in note llb,l 
set on the east side of the faint wagon road, 42.730 meters (140.2 feet) from the station 
in azimuth 10’ 15’ 59’’ and at  the same elevation aa the station. 

Cowgill (Cameron County, C. V. Hqdgson, 1913).-About 4 milesnortheast from $an 
Benito and 1 mile northeast of the residence of Mr. Cowgill, on the right of way of the 
Boulevard road on a low ridge between two old resacm, on the southeast aide of the road 
about 3 meters (10 feet) from the present road fence. The station, ia marked aa in 
notes l b  and 7aI1 with a reference mark, as described in note llb,1 set in the line of 
the telephone poles on the opposite aide of the road, 18.095 meters (59.4 feet) from 
the station in azimuth 133O 49’ 55// and at the aame’elevation as the station. 

Olmito (Cameron County, C. V. Hodgson, 1913).-About 2 miles north from Olmito 
on the west aide of the road leading north from the railroad station and about 100 metars 
(328 feet) sbuth of the county drain ditch, on land belonging to Mr. Gay of Olmito. 
The station is marked as in notes l b  and 7a,l with a reference mark, aa described in 
note llb,I set on the opposite side of the road 24.599 meters (80.7 feet) from the station 
in azimuth 258’ 44’ 45” and at the same elevation as the station. 

Resaca (Cameron County, C. V. Hodgeon. 1913) .-About 3 miles north of the new road 
between San Benito and Point Isabel, 2 miles northwest of LosSoldadosranch, onthe 
south bank of the southernmost and smaller of two large resacm and about 75 paces 
west of a Mexican shack. The station is marked min notes l b  and 7a,lwith a reference 
mark, as described in note llb,l set just east of where a fence line runa west from a 
north-and-south fence with a wagon road on ita east side, 32.11 meters (105.3 feet) 
from the station in azimuth 92’ 57/ 20’’ and at  the same elevation as the station. 

Arista (Cameron County, R. E. Halter, 1885; 1913).-On the highest part of a hill 
about half way between Point Isabel and Brownsale, and 650 meters (2133 feeet) 
from the railway. The station is marked as follows: The subsurface mark is a beer 
bottle 8 inches long filled with concrete and incased in a cylinder of concrate. The 
bottle is 234 feet below the surface of the ground. Over the subsurface mark waa 
placed a layer of sand and earth 6 inches thick, and upon this was set the surface mark, 
con&ting of a piece of terra cotta sewer pipe 6 inches in diameter and 26 inch= long, 
filled with concrete and,incaaed in a cylinder of concrete 18 inches in diamehr and 
26 inches long; in the center of the top of the pipe was embedded a bottle. A nail 
has ita point projecting %-inch above the concrete. The top of the cylinder of con- 
crete bears the letters U. s. C. & G. s. 1905. around the top. The reference mark is 
a piece of sewer pipe 6 inches in diameter and 26 inches long; the pipe is set in  concrete 
and then filled with concrete, with a 12-penny nail set head down in the center of the 
top of the pipe, ita point projecting inch above the concrete. The reference mark 

11.330 meters (37.17’feet) 8.63’ 30/ E. from the station. In 1913 the top of the ref- 
erence mark had been shattered and broken off. 

Point Isabel, west base (Cameron County, 0. B. French, 1906; 1913).-About 2 miles 
west of a small ranch house and windmill, in the town of Laguna Vista, and about % 
mile south of the road between San Benito and Point Isabel. The station is marked 
aa follows: The subsurface mark is a beer bottle 8 inches long filled with concrete and 
incased in a cylinder of concrete. The bottle is 2% feet below the surface of the 
ground. Over the subsurface mark was placed a layer of sand and earth 6 inches thick, 
and upon this waa set the surface mark, consisting of a piece of terra cotta sewer pipe ‘ 
6 inches in diameter and 26 inches long, filled with concrete and incased in a cylinder 
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of concrete 18 inches in diameter and 26 inches long; in the center of the top of the 
pipe WBB embedded a bottle. A nail has its point projecting inch above the con- 
crete. The top of the cylinder of concrete bears the letters U. s. C. & G. S.  1906, 
around the top. The reference mark is a piece of sewer pipe 6 inches in diameter and 
26 inches long; the pipe is set i n  concrete and then filled with concrete with al2-penny 
nail set head down in the center of the top of the pipe, its point projecting %inch above 
the concrete. The reference mark is 24.25 meters (79.6 feet) from the station near the 
line to Point Isabel, east base. 

BUPPLEMENTARY POINTB. 

UnitedStates and Mexico Boundary Monument R. P .  No. td.-Recovered as deacribed 
in the Commission’s report. Not occupied but connected to Rio by angles and tape 
measurement, from which it is. distant 358.920 meters (1177.6 feet) in azimuth 
352’ 55/ 30”. 

UnitedStates and Mexico Boundary Monument R. P .  No. 91.-Recovered as described 
in the Commission’s report. Not occupied but connected to Moria by ang!es and tape 
measurements. It is 41’.120 meters (134.9 feet) from Maria in aximuth.212’ 54’ 26”. 
(See description of Maria.) 

(See description of Rio.) 

POINT ISABEL TO CORPUS CHRISTI. 

PRINCIPAL POINTS. 

Point Isabel south base (Cameron County, R. E. Halter, 1886; 1917).-About 4 
miles from Point Isabel, on a hill between two salt lagoons. The station is marked 
follows: The subsurface mark is a beer bottle 8 inches long filled with concrete and 
incased in a cylinder of concrete. The bottle is 2% fe‘et below the surface of the 
ground. Over the subsurface mark was placed a layer of sand and earth 6 inches 
thick, and upon this was set the surface mark, consisting of a piece of terra cotta 
sewer pipe 6 inches in diameter and 26 inches long, filled with concrete and incased in 
a cylinder of concrete 18 inches in diameter and 26 inches long; in the center of the 
top of the pipe was embedded a bottle. A nail has its point projecting inch above 
the concrete. The top of the cylinder of concrete bears the letters U, S. C. & G. S. 
1905 around the top. The reference mark is a piece of sewer pipe 6 inches in diameter 
and 26 inches long; the pipe is set in concrete and then filled with concrete with a 
twelvepenny nail set head down in the center of the top of the pipe, its point pro- 
jecting % inch above the concrete. The reference mark is 11.630pleters (38.16 feet) 
N. 71’ W. from the station. 

Point Isabel east base (Cameron County, R. E. Halter, 1886; 1913).-About 2.8 wiles 
from Point Isabel, about 250 meters (820 feet) from the shore of the Laguna Madre, on 
hard land near a motte. The station is marked as follows: The subsurface mark is a 
beer bottle 8 inches long filled with concrete and incased in a cylinder of concrete. 
The bottle is 2% feet below the surface of the ground. Over the subsurface mark was 
placed a layer of sand and earth 6 inches thick, and upon this waa set the surface mark, 
consisting of a piece of terra cotta sewer pipe 6 inches in  diameter and 26 inches long 
filled with concrete and incased in a cylinder of concrete 18 inches in diameter and 
26 inches long; in the center of the top of the pipe wm embedded a bottle. A nail has 
its point projecting % inch above the concrete. The top of the cylinder of concrete 
bears the letters U. S. C. 8~ G. s. 1905 around the top. The reference mark is a piece of 
sewer pipe 6 inches in diameter and 26 inches long; the pipe is set in concrete and 
then filled with concrete with a twelvepenny nail set head down in the center of the 
top of the pipe, its point projecting ?4 inch above the concrete. The reference mark 
is 11.685 meters (38.34 feet) N. 52’ 30‘ W. from the station. 
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, Fronton (Cameron County, 0. H. Boyd, 1867; 1906).-In the town of Point Ieabel 
on the same ridge and about 90 meters (295 feet) north of the lighthouse and in the 
yard of Mrs. Wren. The station is marked aa follows: The subsurface mark is a beer 
bottle 8 incres long filled with concrete and incmed in a cylinder of concrete. The 
bottle is 245 feet below the surface of the ground. Over the subsurface mark W&B 

placed a layer of sand and earth 6 inches thick, and upon this waa set the surface 
mark, consisting of a piece of terra cotta sewer pipe 6 inches in diameter and 26 inches 
long, filled with concrete and incased in a cylinder of concrete 18 inches in diameter 
and 26 inches long; in the center of the top of the pipe waa embedded a bottle. A nail 
has ita point projecting W inch above the concrete. The top of the cylinder of con- 
crete bears the letters U. s. C. & G .  s. 1905 around the top. The reference mark is 
a piece of sewer pipe 6 inches in diameter and 26 inches long; the pipe is set in 
concrete and then filled with concrete with a twelvepenny nail set down in the 
center of the top of the pipe, ita point projecting inch above the concrete. From 
the station the northwest comer of Mrs. Wren's house bears N. 37' E., 12.210 metem 
(40.06 feet); the southwest corner of the porch bears N. 78' E., 3.310 meters (10.86 
feet); the southwest corner of the yard fence bears 8. 56' E. 6.570 meters (21.56 feet); 
and the southwest yard fence in the direction S. 37''W. is distant 1.010 meters (3.31 
feet). Azimuth observations were made in 1905 at a point 5.51 meters (18.1 feet) 
from the triangulation station in line to Point Isabel south base. The longitude 
station of 1906 is 21.21 meters (69.6 feet) north of and 10.60 metem (34.8 feet) east of 
the triangulation station and is marked by a concrete pier 16 by 26 inches in plan, 
18 inches below and 34 inches above the ground. 

Cumeron (Cameron County, C. H. Boyd, 1867; 1913).-On the second point of 
any prominence projectinginto the Laguna Nadre above Point Isabel. Just south of 
the station is a bay with a high island at its entrance. The hill on which the station 
stands is about 25 feet high. The lighthouse at Point Isabel bears S. 6 4 O  W., and the 
next point up the Laguna Madre bears N. 10' W. The station was~remarked in 1906 
88 follows: The subsurface mark waa a beer bottle incased in a cylinder of concrete. 
Over the subsurface mark was placed a layer of sand and earth 6 inches thick and on 

waa set the surfice mark, consisting of a piece of terra cotta sewer pipe 6 inches 
in diameter and 26 inches long, filled with concrete and incased in a cylinder of 
concrete. In the center of the top of the pipe waa embedded a beer bottle. The 
top of the cylinder of concrete bears the letters U. S. C. & G. S. 1905, around the top. 
The reference mark was &8 follow8: A hole waa dug 12 inches in  &.meter and 24 inches 
deep, and in it waa set a Piece of sewer pipe 6 inches in diameter and 26 inches long; 
the pipe and the hole around the pipe were then filled with concrete. The reference 
mark is 26.145 meters (85.78 feet), N. 62' w. from the station. In 1913, the hank 
had eroded in  the vicinity of the station, one gulley extending to within 2 feet of 
the station. A poet, 4 inches square and 40 inches long, was made of two stakes, 
2 by 4 inches in crow section, and placed on range with the reference mark and the 
station maxk and 10 meters (33 feet) beyond the reference mark. It is exposed 8 
inches; four nails were driven in the top and bottom of it. Another post 2 by 4 
inches m d  40 inches long is on range and 20 meters (66 feet) beyond the reference 
mark. It haa one nail in the top and one in the bottom. A trench 6 inches in diameter 
waa dug around each post and the dirt waa heaped about it. The etation is in q bank 
known locally as Moranco Blanco. 

Fox (Cameron County, R. E. Halter, 1867; 1913).-The station is located on the 
west side of Laguna Madre, on the mainland 2 miles north of Cameron (known locally 
aa Moranco Blanco). The old station of 1879 was found and reoccupied. Note 16 1 
describes the new station mark. The distance to reference mark is 62.64 meters 
(206.5 feet); to high-water line it is 45 meters (148 feet), and to lone Spanish dagger 

1 Bee pp. 67-60. 



68 U. 8. COAST AND GEODETIC SURVEY. 

i t  is 100 meters (328 feet) approximately. Note 1.7 l describes the reference mark. 
The reference mark, triangulation station, and head of the bight (yellow bank % 
mile‘northwest) are in range. The reference mark is on the hillside protected from 
the sea, in a small gramy patch 25 feet in diameter, in which no bushes grow. The 
azimuth to the reference mark is 131’ 49’ 22” and to the Spanish dagger it,is 353’ 13’. 

pool (Cameron County, C. H. Boyd, 1867).-On Padre Island, on a high sand hill 
near the outer beach and about 5 miles north of Brazos Santiago entrance. Point 
Isabel lighthouse bears S. 25’ W. The station waa marked with a mesquite post and 
a small framework of boards filled with sand; in the top of the post waa a copper tack. 

Singer (Cameron County, C. H. Boyd, 1867; 1879).-0n Padre Island, about 10 
d e s  north of Brazos Santiago, on a sand hill about 12 feet high, the hill being covered 
 pith grase about one-third of the distance from the Gulf to the Laguna Madre. The 
station waa marked underground by a glaes bottle with a copper nail in the cork, 
while the surface mark waa a mesquite post cut to the form of a triangle with a copper 
tack in  ita top. Four mesquite posts, with copper tacks in the tope, were placed 1 
meter (3 feet) from the station, lines joining them diagonally intersecting at the 
center. In 1879 four additional stubs (of cedar) were placed around the station and 
6 feet (1.8 meters) from the station. 

Black HiZZ(Cameron County, a. E. Hatter, 1879).-0n Padre Island on the highest 
hill in the vicinity, about 40 yards (36.6 meters) north of the highest part of the hill. 
The station is marked according to note 28,3 and in 1913 waa reported probably lost. 

Armadillo (Cameron County, R. E. Halter, 1879).-0n the northeastern end of an 
island on the mainland side of Laguna Madre, in a clump of mesquite bushes by 
which the island may be easily recognized. The station is marked according to note 

, 28.1 In  1913 the station waa not recovered. 
&aenu 2 (Cameron County, R. E. Halter, 1885).-About 4% miles west from Point 

Isabel lighthouse; near the shore of Laguna Larga. The station is reached from 
Point Isabel by following the road to Brownsville for 4 miles, t o  where i t  forks, one 
branch following the Legum Madre and the other or left-hand branch approaching 
the shore of the Laguna Larga, and traversing the long hill on which the station is 

* situated; this hill is nearly abreast of the point where the right-hand road recedes 
from the shore of the Laguna Madre, and viewed from the forks of the road i s  the 
most prominent hill in Sight. The center mark was the bottom of a beer bottle buried 
2% feet below the surface of the ground, while 10 inches below the surface four beer 
bottles were placed. 1 foot from the center on lines intersecting at right anglea; a 
mesquite stub was placed for a surface mark. In 1905 the apparent location of the 
&tion ww recovered, aa indicated by three signal stakes and three instrument 
stakes, but no other marks were recovered. 

~rnzudillo 2 (Cameron County, E. H. Pagenhart, 1913).-The station is on the 
northmtem end of the most easterly of the group of islands known as the Three Islands. 
It is about 3 meters (10 feet) south from a bunch of Spanish daggers, about 20 feet 
above high water and 9 metera (30 feet) from the steep bank to the eastward. It L 
marked according to note 16.’ Note 21’ describes the reference mark which is just 
south of an old mesquite bush, and is 23.24 meters (76.2 feet) from the station, in azi- 
muth 76’ 11’ 44”. 

Hike (Cameron County, E. H Pagenhart, 1913).-The station is on the highest part 
of a range running north and south on the mainland, due west of Three Islands; it is 
about 75 metera (246 fept) from the high water line, on the southern Side of the range. 
n o m  the station the southern half of Green Island shows in a gap between the nearest 
island @I the direction of Cat 2) and the long point of land making out from the Isle de 
Caballo. The station is marked according to note 16.l Note 17 1 describes the ref- 
erence mark which & 56.98 meters (186.9 feet) (surface measurement) from the station 
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in azimuth 116' 14/ 38//. It is 20 feet below the station. Anold mesquitetree, blazed 
and with a copper wedge driven into the blazed part, is 61.52 meters (201.8 feet) 
(surface measure) from the station in azimuth 61' 36/ 44//. 

Bunk (Cameron County, E. H. Pagenhart, 1913).-The station is on the west side 
of a large lagoon, making in  about 3 miles north of signal Fox and about 2 miles 
east of Granjeno ranch. The bank is high and the shore line ragged. A amall knob 
ia about 12 meters (39 feet) southeast of the station. Note 16' describes the station 
mark. Note 211 describes reference mark No. 1. It is 8 feet below the station and 
50.81 meters (166.7 feet) distant (surface measure) in azimuth 169' 53/01N. Reference 
mark No. 2 is a blazed mesquite tree with copper wedge driven into the blazed area. 
It is about 116 meters (377 feet) from the station, in azimuth 134' 24' 16" The azi- 
muth to a .tall pole at Granjeno ranch is 99' 03/ 16/'. 

Cut 2 (Cameron County, E. H Pagenhart, 1913).-The station is on the top of the 
high ground at the eastern end of an islang, is 10 meters (33 feet) from the edge of the 
steep east bank, and about midway between the north and south sides of the island. 
The station is located about 4 miles south of Green Island. The station was marked 
according to Note 16 except that there is no subsurf&ce mark. Note 17 l describes the 
reference mark which is 13.50 meters (44.3 feet) from the stationin azimuth41' 31'44//. 

Colorado (Cameron County, R. E. Halter, 1879; 1913).-On the western side of 
Laguna Madre, on a high island south-southeast from Green Island. In  1913 a large 
hole 5 feet and 4 inches in diameter was dug to the southeast of the station while 
search was made for the station. This hole will probably remain as it is for some time; 
its center about 1.9 meters (6.2 feet) from the station and bears S. 40' E. The 
island is known to the natives as Morro Island. The old station marks of 1879 were 
found and used in 1913. The station was re-marked according to note 18.' Itis26 
feet above high-water mark and 5 metera (16 feet) from a steep east bank, 27 meters 
(89 feet) from the west bank, and 30 meters (98 feet) from the north bank. Note 171 
describes the reference mark, whioh is distant 14.62 meters (48.0 feet) from the station 
in azimuth 65' 01' 44//. It is 20 meters (66 feet) from the east and 12 meters (39 feet) 
from the west bank of the island. 

Green (Cameron County, E. H. Pagenhart, 1913).-On Green Island about the mid- 
dle of the eastern side, and about 9 meters (30 feet) from the edge of the high bank on 
that side. The island i s  covered by a dense growth of bushes, cacti, and Spanish 
daggers. A clear space is left where the station is located, on one of the highest parts 
of the island. The large mesquite trees should identify the station. The station is 
marked according to note 16.' Note 21 describes the reference mark which is 8.37 
meters (27.5 feet) from the sta$ion, in azimuth 92' 5W 46)'. ' A copper wedge driven 
int0.a blaze in a large mesquite tree 12.25 meters (40.2 feet) distant and bears 8.77' 
W. (magnetic). A copper wedge driven into a blaze in a large mesquite tree is 2.61 
meters (8.2 feet) distant add bears N. 70' E. (magnetic). 

Skin (Cameron County, E. H Pagenhart, 1913).-Eight meters (26 feet) from the edge 
of the steep bank facing eastward, 25 feet above high-water line and 2 feet above the 
reference mark. The station is marked according to note 16.' Note 171 describes 
the reference mark which is 18.27 meters (69.9 feet) from the station, in azimuth 
M0, 30/, and is also in range with the right tangent of the nearest island northeast. 
The left tangent of the same island bears N. 2' E. (magnetic). 

Pelican 8 (Cameron County, E. H qagenhart, 1913).-On one of the highest points 
near the most northern mouth of the Arroyo Colorado. A small bight makes in on the 
steep bank to the southeastward from the station about 40 meters (131 feet) distant. 
The station is near the middle of the point and can easily be reached from the south or 
West. The station is marked according to note 16.' Note 17 describes the reference 
mmk except that it is incased in a pipe made of stakes. The reference mark is in 
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range with the tangent to the neareat point of land to the westward, and is distant 9.32 
metem (30.6 feet) from the station, in azimuth 96' 12' 29". There is a large mesquite 
tree, distant 50 meters (164 feet), 5. 3' W. (magnetic); and a large mesquite tree 
distant 100 meters (328 feet) S. 26' E. (magnetic). 

Water (Cameron County, E. H. Pagenhart, 1913).-On the top of the highest hili 
south of the southern mouth of the Arroyo Colorado. A large fresh-water pond is about 

mile south of the station. The station is in a clump of live-oak brush. The hill 
shows prominently from the south and west. The station is marked according to 
note 16.' Note 17 describes the reference mark which is distant (surface measure) 
14.60 meters (47.9 feet) from the atation in azimuth 81' 38' 04// and 2 feet below it. 
Magnetic bearings to the following points are: Point 1, S. 73' 30' W., Point 2, N. 20' 
W., Point 3, N. 24' 30/ E. The left tangent of the fresh-water pond is S 0' 30' E. 
(magnetic), right tangent of the fresh-water pond is S. 19' W. (magnetic). 

Rijk (Cameron County, R. E. Halter, 1879; 1913).-The station is located on the 
eaetern side of a long narrow island near the south'end of Top0 Bay. The station ia 
about 6 meters (20 feet) from the steep eastern bank, about 40 meters (131 feet) from 
the high-water line on the west side of the island, and about 10 feet above the water. 
Note 18 1 describes the station mark. Note 17 describes the reference mark which 
is 20.30 meters (66.6 feet) from the station and bears N. 69O W. (magnetic). The 
reference mark is on range with the station and the center one of three prominent 
Spanish daggers. 

8auz (Cameron County, 8. H. Pagenhart, 1913).-The station is located on a high 
ridge about 1% miles south of Sauz fiah house. It is near a cattle trail and about 
12 meters (39 feet) from the steep east shore bank. The bank at this place is bare 
ahd shows up prominently from Laguna Madre. The station is 12 feet above high- 
water line. The reference mark is on the side hill to the westward and is about 
6 feet below the station. The station waa marked according to note 19,' and the 
reference mark according to note 20.' The distance to the reference mark is 15.02 
meters (49.3 feet). Azimuths from station are aa follows: Left tangent of lagoon to 
westward, 234' 19); middle of gap of same lagoon, 252' 13'; reference mark, 286' 35'; 
windmill, 306' 46' 4 V ;  Sauz fish house, back door, 168' 10' 30'/. 

S t m  (Cameron County, E. H. Pagenhart, 1913).-The station is in 1 foot of water 
at mean high water, on the eastern side of the deep water at tbe southern end of T o p  
Bay. The center pole made of two stakes, 2 by 4 inches in  cross section and 24 feet 
long, waa made fast at the foot to two stakes 2 by 4 inches in cross section, driven well 
into the mud. The center stubs should last some time. 

Windy (Cameron County, E. H. Pagenhart, 1913).,--The station is about 3 miles 
off the mainland in  Top0 Bay (Laguna Madre) in  about 2 feet af water. A platform 
for observing waa suppofted by stakes 2 by 4 inches in croaa section. The observing 
stand for instruments was made of three stakes, 4 by 4 inches square and 6 feet long, 
driven well into the mud. The tops of the stakes projected about 8 inches above 
medium high water. The center pole waa made fast at the foot to two stakes, 2 by 
4 inches i n  croaa section, driven well into the mud. The instrument atand should 
last for some time. 

Lomulto (Cameron County, R. E. Halter, 1879; 1913).-The old station of 1879 wm 
recovered and reoccupied. It is on the eastern end of a long range on the west side of 
Laguna Madre, 3 miles north of Sauz Landing and on the north side of a amall lagoon. 
The station is about 6 meters (20 feet) from the south bank, which is much eroded. 
The eastern bank ia about 18 meters (59 feet) distant. The reference mark is nearly 
in  range with twb prominent Spaniah daggers which are about 12 meters (39 feet) 
from it. The station was marked according to note 19,' except that the subsurface 
mark is a triangular-shaped piece of coral, with a drill hole in 'the center. Note 20 

1 see pp. 67-60, 
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describes the reference mark which is 27.335 meters (89.68 feet) from the station, in 
azilnuth 119' 16'. Other azimuths from the station are: Right one of twin wind- 
a l a ,  35O 05/ 2SN; left one of twin windmills, 34' 52/ loN; left tangent to lagoon, 

Back (Cameron County, E. H. Pagenhart, 1913).-The station is about 3 miles 
&om the mainland in  Laguna Madre, i n  about 2 feet of water. The station mark is 
two 2 by 4 inch stakes driven well into the mud. 

Portalis .z' (Cameron County, E. H. Pagenhart, 1913).-The station is on the eastern 
end of a hill about 9 meters (30 feet) from the water of Laguna Madre. Portalis 
ranch is about 3 miles west., A small lagoon makes to the southward from the station, 

, a narrow sand bar separating it from the Laguna Madre at lo? water. A prominent 
dump of Spanish daggers, distant about 18 meters (59 feet) bears northwest from the 
station. The old station is lost. The station is marked according to note 19.' Note 
20 1 describes the reference mark, which is 19.64 meters (64.4 feet) from the station, 
bazimuth65O 06/20". Other azimuths are: Left one of twin windmills, 58O 12/15//;, 
right one of twin windmills, 58' 24' 30"; windmill at Portalis ranch (about 3 miles), 

Last Resort (Willacy County, E. IT. Pagenhart, 1913).-The station is on the main- 
land, near a small point making out just south of a steep-sided bank. It is on the 
higher ground in a sandy place almost bare of graas and about 5 feet above high-water 
b e .  The station and reference marks were set flush with the surface. The station 
Was marked according to note 16,' and note 21' describes the reference mark, except aa 
above stated. It is in azimuth 35' 44/ and is 18.84 meters (61.8 feet) from the station. 
other distances are: To fence line 300 meters (984 feet); to eaet bank 10 meters 
(33 feet); tohill to west 200meters (656 feet); to point of rock ledge (coarse gypsum rock) 
150 meters (492 feet). To windmill 89' 41' 38/'; to fist  point 
of land to north 174' 29/. 

Top0 (Willacy County, R. E. Halter, 1878; 1913).-The station is located on a small 
bland near the west shore of Laguna Madre, connected at  lqw tide with the mainland 
to the south by a narrow strip of sand. The station is about 7 meters (23 feet) north of 
the south shore and about 50 meters (164 feet) east of the west shore of the island, which 
b about 10 feet above the water. The island is the most southerly of the group in 
this vicinity. Thesdbsurface mark is a block of concrete about 3 feet below the 
murid with a drill hole in its top filled with lead. The surface mark is the point of a 
copper nail projecting from a drain tile 2 feet long set into the ground and filled with 
concrete. The reference mark is described by note 11b.l It is 60.70 meters (199.1 
feet) from the station and bears N. 68' E. (magnetic). It is in line with the station 
Qd the only Spanish dagger on the island. This plant is about 45 metera (148 feet) 
from the reference mark. Other bearings are: To windmill (about 3 miles distant), 
8. 6' W.; to windmill (about 2% miles) seen over large sand hill, N. 81' W.; to small 
round island in Laguna Madre, N. 26' W. 

Sea (Willacy County, E. IT. Pagenhart, 1913).-The station is about 2 miles from 
the maidand and L in Top0 Bay (Laguna Madre), opposite station T o p .  It is in 
2 feet of water at the eastern edge of deep water. Marked by tripods constructed of 
*-inch lumber well driven into the mud, also by stakes under the tripod to  which 
the center pole was faatened. 

dlospuitoz? (Willacy County, E. H. Pagenhart, 1913).-The station is near the north- 
%at end of an island, on the highest ground in its vicinity; about 1 mile east of the 
corner of the boundary fence between the Kenedy and King property. The island 
QI which the station is located is the fourth one west of the Laguna, the $rat one 
bebg a long island about 2% miles long, the most easterly in the Laguna. There is 
90 land to the north of the island on which the station is located for a distance of 
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61' 331. 

98' 591 45//. 

Other azimuths are: 
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more than 2 miles. The station is about 54 meters (177 feet) south of the northern 
ea& of the island, 21 meters (69 feet) west of the east edge, and 14 meters (46 feet) 
north of the south edge. The station mark itj  described by notes l b  and 7a.l Note 
l l b  1 describes the reference mark, which is located 81.0 meters (265.7 feet) from the 
station, in true bearing 232’ 34’ 22”. Other bearings and distances are: Spanish 
dagger S. 75’ W. (magnetic), distant approxhately GO meters (197 feet); last fence 
post in Laguna (Kenedy-King line) N. 42’ W. (magnetic); Spanish dagger N. 26’ E. 
(magnetic); post 6 by 6 inches, 4 feet high, in small island about +g mile to southeast, 
317O 48’ 27” (true). 

Norwest (Willacy County, E. H. Pagenhart, 1913).-On a shifting sand dune about 
1 mile from the beace and about 3 miles south of triangulation station Plank. The 
station will probably not laat the first heavy storm. 

Southeast (Willacy County, E. H. Pagenhart, 1913).-The station is on the most 
southeasterly island of the group known as the Mesquites. It is toward the southeast 
point of the island, and about 300 metera (984 feet) from it. The land is sandy and 
moderately grassy in the vicinity of the station but not distinguishable by any 
prominence. The station is marked according to note 16 (except that it is exposed 
6 inches). The distance to east high-water line is 135 meters (443 feet). 

Avoca 8 (Willacy County, E. H. Pagenhart, 1913).-0n the most easterly island of 
the group known as Rincon del Mezquite in  Laguna Madre. The island L the most 
southerly of a group of four, which make up the northeaat part of Rincon del Mezquite. 
The station is at the south end of the island on the highest ground and at the edge 
of a deep cut from 10 to 12 feet. The atation is about mile west of the east shore, 
and is marked according to  notes l b  and 7s.’ Note l l b  describes the reference mark, 
which is 100.30 meters (329.1 feet) from the station in azimuth 247’ 41’. A 4 by 4 
inch pole, 20 feet high, is in  azimuth 336O 42’. 

Plank (Willacy County, E. H. Pagenhart, 1913).-The station is on a high sand 
hill about 30 feet high and about 100 meters (328 feet) from the high-water line. The 
&tion mark is a 2 by 10 inch plank which is eccentric to the station. The station i q  
1 in& west of the center of the west face of the plank. The stake projects about 2 
feet above the ground. 

Beat (Willacy County, E. H. Pagenhart, 1913).-The station is on a high sandy 
hill opposite a fresh-wa@r pond. A grwy  meadow extends northwest from the 
station. Directly behind the station is a barren sandy area devoid of any large hills. 
The station is about 100 meters (328 feet) from higbwater line and 30 feet above 
water. It is marked by a post 5 inches square in crom section. On two of the Bides 
of this post are 2 by 4 inch stakes driven well into the mud. 

Lopefia (Willacy County, E. H. Pagenhart, 1913).-The station is on the soutliern 
end of a large island, known 88 Lopeiia, on the western side of Laguna Madre. The 
station L on a high sandy ridge, covered with a moderate growth of gram. The 
station waa marked according to note 16.’ Note 21 describes the reference mark. 
It is 81.62 meters (267.8 feet) from the station, in  azimuth 352’ 16’ 09’’. Other 
azimuths are: The right one of the twin windmills to westward. 139’ 00’ 51”; wind- 
mill to right, 248’ 00’. 

Buoy (Willacy County, E. H. Pagenhart, 1913).-The station is on a prominent 
sand hill about 2 miles south of Dunn’s ranch house. It is marked by a plank 2 by 8 
inches set eccentrically. The station is 1% inches southeast of the center of the 
Gulf face of the plank. 

Indian 8 (Willqcy County, E. H. Pagenhart, 1913).-On the fifth island from the 
’Rocky Bayou eaat of the Carnestoliendos Camp, a large and high island, known as 
Potrero Fariaa. This island is separated from the mainland by salty bogs, almost 
impossible to crom, except on foot. The island is about 2% miles long and 1 mile 

I 
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wide, and bas three distinct high ridges running the length of it, with the highest 
ridge near the Laguna Madre shore. The station is on this high ridge, about 1’ mile 
from the northern end of the island and about 100 meters (328 feet) from the bank of 
the island along the shore of the Laguna, there being a mud flat extending oyt 2/5 
mile toward Padre Island. This island is covered with grass aa are all other islands. 
The station is marked according to notes Ib  and 7a.I Note l lbl  describes the refer- 
ence mark, which is 60.00 meters (196.8 feet) from the station, in azimuth 306’ 36’ 56’‘. 
Other bearings are: Windmill, 44’ 21’ 15’I; windmill, 47’ 49/ 15’y; windmill, 212’ 02/; 
left tangent first island to northward, 228’ 31’; right tangent of eame island, 238’ 61’. 

(Turn (WiUacy County, E. H. Pagenhart, 1913).-The station L on a prominent 
sand hill about 2 miles south of Dennis’s ranch house on the highest hill in  the vicinity. 
The station mark is eccentric and is a timber 4 by 8 inches driven into the sand 4 
feet and projecting 3 feet above the surface of the ground. The center of the station 
is 1% inches southeast of the broad face of the stake (toward the Gulf). 

Gap (Willacy County, E. H. Pagenhart, 1913).-The station is on Padre Island, 
about % mile south of a prominent gap visible from Laguna Madre and %mile south 
of two large timbers (8 by 8 inches) projecting 6 feet on a lower sand hill. The station 
is on the highest hill in the immediate vicinity and shows up prominently from the 
Gulf beach in both directions. It is on the highest point and is marked by a 4 by 8 
inch post, projecting 3 feet. The station is 2 inches southeast (Gulf aide of the 
broad face) of the center of the southeast face. The post is placed securely in the 
ground. The station is 100 meters (328 feet) from the Gulf beach, and 11 meters 
(36 feet) above the water. The azimuth to the two timbers mentioned above is 
183’ 33’. 

Con (Willacy County, E. H. Pagenhart, 1913).--The station is on a mall  high 
island just northwest of a gap between two high islands on the west side of Laguna 
Madre. The vicinity is somewhat sandy with a moderate growth of gram. The 
station waa marked according to note 16.’ Note 21 describes the reference mvk  
which is distant 52.70 meters (172.9 feet) and in azimuth 322O 11’. Other aqimuths* 
and distances are: Right one of twin windmills, 37’ 26’ 24”, 6 miles; windmill, 100’ 
62’ 39”, 4 miles; windmill near Oarnea’tolienda Motte, 169’ 20/ 54”. 

Coyote 2 (Willacy County, E. I-I Pagenhart, 1913).-The station is about 1 mile east 
from Carnestoliendos ranch and a motte, on a small piece of land which is an island at  
high water. The island is about one-fourth mile from the west shore of Laguna Madre 
and a little southwest from a rocky bayou between two long narrow islands. The 
ground is hard and is covered with many large Spanish daggers. The station mark is 
described by nom lb and 7a.I Note l l b  describes the reference mark, which is 
143:6 meters (471.1 feet) from the station in azimuth 83’ 41/32//. Other azimuths and 
distances are: To windmill, 67O 01’ 02”, 2 milee; windmill, 81’ 39’ 62”; windmill at 
Carnestoliendos ranch, 82’ 37’ 07N. 

Hmtang (Nueces County, E. D, King, 1905; 1912).-0n the inside shore of Mustang 
Island, about 6 miles north of the south end of the island, and 2 milea northwest of 
Grant’s ranch house; 1% miles north of anchorage behind the “Bulkhead,” and about 
2 miles from the south end of a long and narrow tongue separated from the maid body 
of Mustang Island by a shallow slough aboyt 3 miles long. The station is 15 meters 
(49 feet) from the high-water mark of the bay shore, 40 meters (131 feet) from tbe high- 
water mark of the shore of the slough, and 330 metera (1,083 feet) north of an old fence. 
The station was marked according to note 27,‘ the reference mark being 12 meters (39 
feet) from the high-water m’arlr of the bay shore, 18 meters (59 feet) from the high-water 
mark of the shore of the slough, and 29.213 meters (96.8 feet) from the station, in azi- 
muth 196’ 07’ 05//. The following azimuths are from the triangulation station: 
Northeast gable of sheep barn at Grant’e ranch, distant 2 miles, 11’ 47’ 43”; north 

’ 
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e b l e  of Grant's ranch house, 12O 09/ 27//; middle ground stake, Bulkhead Anchorage, 
4 9 O  30' 55//; chimney of farmhouse, three-fourths mile south of north bme, 65' 57/ 31". 
Laguna Mudre north base (Nueces County, R. E. Halter, 1883; 1912).-About 2%. 

miles south of Flour Bluff and &bout 250 meters (820 feet) back from the west shore 
of h e  Lrtguna Madre in a cleared field belonging to William Hoffman. The station is 
67 paces from Hoffman's windmill, and 162 paces S. 34' W. from the place where 
his house once stood. The station was marked in 1883 as follows: A pit 7 feet 
square was excavated to a depth of 2 feet; in the center of the pit an irregular stone 
about 14 inches square and 10 inches thick was set. A hole was drilled in the top of 
t h  stone and filled with lead. Resting on this stone stands a piece of white marble 
2% feet long and 6 inches square with the letters U. S. on its south face, %. & G. on 
ita east face, and SUR and VEY on its north and west faces, respectively. In the 
top of the marble post waa drilled a hole 1 inch in diameter ahd 3 inches deep. This 
hole wm filled with lead. Around this post were placed bricks, broken rock, and 
sand, forming a compact mags. A reference mark similar to that described in note 
27,' waa set 13.99 metem (45.9 feet) from the station in azimuth 135' 2J/. It bears the 
h%m U. S. R. M. 1905. Other azimuths are: North gable of Grant's ranch house on 
Mustang Island, 272' 14/ 40/'; emt end of ridge of farmhouse, distant 2 miles, 35' 32) 
C W ;  windmill, distant 1% miles, 206' 07/ 38//. 
Laguna Mudre south base (Nueces County, R. E. Halter, 1882; 1912).-About 5% 

miles south-southwest from Flour Bluffand one-half mile north-northeast from Brigh- 
ton postoffice; about 100 meters (328 feet) back from the shore line in an opening in a 
live-oak motte; about 100 meters (328 feet) north-northeast from the old Thompson 
house, and 5.2 meters (17.1 feet) north of a fence which is the north line of the Thomp- 
son property. In 1882 the station wai marked as follows: A pit 7 feet square was exca- 
vated to a depth of 2 feet; in the center of this, with its upper surface flush with the 
bottom of the pit, an irregular stone about 14 inches square and 10 inches thick was set; 
a hole waa drilled in the top of this stone and filled with lead and the center of the 
ststion rnmhed thereon by crosslines. Resting on this stone stands a piece of white 

' marble 2% feet in length and 6 inches square with the letters U. S.-C. & G.-SURVEY 
deeply cut thereon near the top, one group on each face. Around this post were laid 
symmetrically layers of brick. The marble block has a hole about 1 inch in diameter 
and 3 inches deep drilled in ita top; this hole was filled with lead and the center of the 
station marked thereon by crosslines. In 1905 a reference mark, such as is described 
in  note 27,l waa set 31.80 meters (104.3 feet) from the station in azimuth 309' O6'25/'. 
The reference mark beam the letters U. S. R. M. 1905, and an arrow pointing to the 
station. The following azimuths are from the triangulation station: Chimney of old 
Thmpmn house, distant I00 meters (328 feet), 29' 33/42/'; south gable of WiIliam Code's 
house, distant three-fourths mile, 155' 09/33//. I n  1912 the station was found in good 
condition, but concrete was placed around the marble post t o  protect it better. 

M&Zoins Bluff (San Patricio County, S. A. Gilbert, 1860; 1912).-On McGloine 
Bluff, on the northeast shore of Corpus Chriati Bay, on a small sand hill near the 
eatreme western end of the bluff overlooking Ingleaide Cove. Two cast-iron reference 
marka are about 6 feet (1.8 meters) from the station. The station mark is described 
by notes l b  and 7a.l A concrete reference mark was made in 1912 which is 19.2 meters 
(63.00 feet) from the station. The angle at  the station between the reference mark and 
the flagpole on the cupola of the Ingkside Inn is 61' 65'. The following azimuths 
are from the triangulation station: Water tower a t  Gregory, 147' 45/ 14I'; southwest 
gable of farmhouse, distant 1 mile, 171' 1Y; chimney on ell of a large 234-8tory house 
ness Ingleside Hotel, 1'78' 02' O W ;  chimney on James Stern's hous0, distant M mile, 
179' 46/ 21'/. 

~ 

1 See pp. 67-69. 
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Oso (Nueces County, P. M. Trueblood, 1912) .4n  the south side of Corpue Christi 
Bay, a t  the head of blind Os0 Creek, about 4.4 miles west of Flour Bluff. The station 
is on a strip of flat ground 350 meters (1,148 feet) west of the bridge over the 080, and 
153 paces east-northeast from a lone Spanish dagger and is just at the edge of the Corpus 
Chriati-Flour Bluff road, and is 19.3 meters (63.3 feet) from a caving loam and clay 
bank 10 feet high. The station is about the middle of this strip of high bank which is 
250 meters (820 feet) long. The station marks are described in notes l b  and 7a.l Note 
Ilb describes the reference mark, which is 48.58 meters (159.4 feet) west by north from 
the station and is on line, approximately, with the center of the old house 1 mile 
distant to the vest, about 15 meters (49 feet) from the bank. The reference mark 
is in azimuth 112' 21' 20'/ from the station. Other azimuths are: To southwest 
comer of bridge, 295O 01/ loN; to  a Spanish dagger, 70' 09/; to chimney of old house, 
112' 15' OW!. 

Shamrock (Nueces County, P. M. Trueblood, 1912).-0n the western shore of the 
peninsula a t  the southcrn end of Shamrock Island, on the eastern side of Corpus 
Christi Bay, about 430 paces from the high-water line at  the southern end of the point, 
and 475 paces from the Shamrock Point barn, on land owned by F. Oppikofer. It 
is on a low ridge of shell about 4 or 5 feet above high water and about' 18 meters (69 
feet) from high-water line of Corptw Chriati Bay. It is 160 paces from a water hole. 
The station is marked asdescribed in notes l b  and 7a.l The reference mark is 
described by note*Ilb.l It is set 2 feet from two sumac bushes and is 14.65 meters 
(47.74 feet) in azimuth from the station, 164' 59/ 05//. Qther azimuths and distances 
are: To west gable of barn, 212' 58/ 25//; to stake a t  water hole, 222' 13' 4W', about 
160 paces; to mulberry tree, 236' 49', 19.82 meters (65.0 feet); to Spanish dagger, 
15' 27/, 35.25 meters (115.6 feet). 

Grants 2 (Nueces County, P. N. Trueblood, 1912).-The station is on the most 
conspicuous and permanent looking hill in the vicinity; it is about 2 miles northeast 
from Corpus Christi Pam, and 100 meters (328 feet) from the Gulf beach. The 
small wharf on Mustang Island is mile distant and bears south 86' east (magnetic). 
An old house at  the wharf on the north end of Padre Island is 1% miles diatant &nd 
bears south 60' west (magnetic). A small frame house on the inner beach of Mustang 
Island is about 500meters (1,1340feet) distant and bears N. 57' W. (magnetic). Grant's 
house is about 2 miles distant and bears N. Go E. (magnetic). Note 23 1 describes 
the station marks and note 25 the reference mark, which is 12.86 meters (42.2 feet) 
distant and bears S. 12' E. (magnetic) from the station. 

Idand (Nueces County, P. M. Trueblood, 1912).-The station is on Peat Island, 
which is near the west shore of Laguna Madre and about 4 miles south of Flour Bluff, 
which is at the northern entrance to Laguna Madre. The station is on a low grassy 
ridge about 1 foot above the ground level of the island. The ridge Tuns east and west 
across the island and is covered with small clumps of cacti. The statiyn is between 
the second and third clumps from the eastern end of the island. Notes lb,  7a, and 
22 1 describe the marking of the sption. 

Pass (Nueccs County, P. M. Trueblood, 1912).-The station is on Padre Island, 
about 61 meters (200 feet) west from the GQlf shore and about % mile south of Corpus 
Christi yass on the top of the second high sand hill from the Pass. The station is 
marked as described in note 23.' Azimuths are: To corner of old fence, distant 
66.9 meters (219.5 feet), 108' 11' lo'/; to south gable house, 1 mile south of Laguna 
Madre, south base, 115' 16' 55 / / ;  to schoolhouse at Brighton, east gable, 137' 42' 45"; 
to south gable of house at  Corpus Christi Pass, 187' 35/ 40". 

Sandhill (Nueces County, P. M. Trueblood, 1912).-The station is on the more 
northern of two high and conspicuous sand hills on Padre Island, about 1 mile north 
of the north end of North Bird Island. The station is about 300 meters (984 feet) from 

1 Soo pp. 67-69. 
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the Gulf beach. The station ia marked aa described in notes lb  and 24.’ Note 26 
describes the reference wark, which ia located on a lower gway slope of the hill on 
which is the station. It is 26.45 meters (86.8 feet) from the station, in azimuth 36’ 
ll’ 36//. Other azimuths are: To William Barnes’s house, 127’ 32/ 16//; to southweet 
comer of corral, about 1 mile diatant, 173’ 10‘ 10‘); to Spanish dagger in Laguna 
Madre beach, 46’ 22/ 2W/. 

Hardpan (Nueces County, P. M. Trueblood, 1912).-The station ia located on the 
west shore of Laguna Madre, 65 meters (213 feet) from the water and about 3% miles 
below Peat Island, and 1 mile southerly from the old Barnes’s house. It is about 600 
meters (1,968 feet) north of a pond which’lies just back of a rounding point in the 
shore line and on land about 8 or 10 feet above the water. Notes lb, 7a, and 22 
describe the station marks, except the trenches are parallel and normal to the beach. 
Note 25 describes the reference mark, which is 20.84 meters (68.4 feet) from the 
station in azimuth 211’ 54/ 15//. Other azimuths are: To end of fence in water 
about 400 meters (1,312 feet), 2’ 42/; to motte (1 mile diatant), 36’ 31/; to motte 360 
metera (1,148 feet), 49’ 28/; south gable Barnes’s house, 177’ 40‘ 30”. 

Landing (Nueces County, P. M. Trueblood, 19l2).-On the mainland about 1 mile 
south of $outh Bird Island, and on the southern one of the two small rounding sandy 
points, 22.7 meters (74.5 feet) from the land end of the old wharf, in line with the 
wharf and a small prominent motte about M mile inland. There ia a rock formation 
along,the beach that crops out just at the old wharf. The station waa marked accord- 
ing to notes 1b and 24.’ Note l l b  describes the reference mark, which ia in line 
with the above-mentioned motte, 29.9 meters ’(98.1) feet from the station in azimu@ 
95’ 51’. An old stake projecting 454 feet above the surface ia 10.6 meters (34.4 feet) 
south 53O east (magnetic) and another projecting 1 footk 27.1 meters (88.9 feet) north 
38’ west (magnetic). Other azimuths are: To southeast corner post of old landing, 
274’ 50‘; double Spanish dagger on Padre Island,.304’ 38’ 20N; windmill, 1% miles 
southwwt, 49’ 07/ 15//; motte, 

Richards 2 (Nueces County, P. M. Trueblood, 1912).-0n a prominent sand hill on 
Padre Island, about 4 miles north from the “Settlement,” and about 100 meters (328 
feet) from the Gulf beach. This is the highest hill in this locality, though not con- 
spicuous from the Laguna on account of the high ridges of.shifting sand on the middle 
and western parts of the island. The station ia marked in accordance with note 23.’ 
The only reference marks are the posts to which the guy wires of the tripod signal 
were attached. These are about 10 meters (33 feet) from the station, two in line 
parallel to the beach and two at right angles. 

Spit (Nueces County,.P. M. Trueblood, 1912).--0n the west side of Wdre Island, 
about 4 miles south of South Bird Island, about 2% miles north of Griffin’abome or,the 
“Settlement.” The station ia on a Little knoll near the south end of a long sand spit, 
that makes out toward the south, 30 meters (98 feet) frpm the shore of a long narrow 
lagoon, 42 meters (138 feet) north of the low flat, and 26 meters (85 feet) east of the 
Laguna Madre shore. The station is marked according to  votes l b  and 24.’ Note 
I lb  describes the reference mark which ia 21.8 meters (71.5 feet) north 54’ 31’ west 
(magnetic) and 5 meters (16 fee,t) from the bank at  the L a w a  Madre shore. 

Lonehill (Nueces County, P. M. Trueblood, 1912).-On the mainland about 6% 
miles south of South Bird Island. The station is on top of a prominent hill, at  about 
20 feet elevation, and 65 meters (213 feet) back from the high-water mark. Just 
acroea on Padre Island is a large clump of Spaniah daggers, which stand put very 
prominently against the white sand. The station b marked according to note 23.1 
Note 25 describes the reference mark, which ia about 4 meters (13 feet) from the 
bank, 61.97 meters (170.50 feet) south 55’ east (magnetic) from the station. 

mile diatant, 96’ 18/. 

i 

1 See pp. 61-69. 
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Mid (Nueces Comty, P. M. Trueblood, 1912).-About 200 meters (656 feet) from 

the Gulf beach of Padre Island, on the largest sand hill, in the neighborhood of the 
"Settlement," and directly &crow the island from GrifEn's house. The station ?a 

' located about the center of the summit of the hill, which is partly overgrown with 
weeds, and is marked according to notes l b  and 7a.I Note l l b  1 describes the refe* 
ence mark, which is 90 meters (295 feet) from the station and bears north 55' west 
(magnetic): Griffin's house at the Settlement iS about 1% miles north 76' west 
(magnetic). 
Rdx (Nueces County, P. M. Trueblood, 1912).-About 2 miles north of the Point 

of Rocks, 1 mile west of the Laguna shore, % mile back of the only white-topped sand 
hill along this beach, and near the center of the summit of the first big sand hill north 
of BafEns Bay. Thestation is marked according to notes l b  and 7a.I Note l l b 1  
describes the reference mark, which is 42.03 meters (137.9 feet) from the station, in 
azimuth 166' 00' 50". The following azimuths are also given: Twin windmills, 
166' 45/60" and 167' 04/ 16//; center of large motte on Point of Rocks, 353' 30'50"; 
tangent to GrifEna Point, 4' 01' 06/'. 

!&amid (Nueces County, P. M. Trueblood, 1912) .4n the Gulf shore of Padre 
Island, about 100 meters (328 feet) from the high-water mark on the summit of the 
highest sand hill in this locality, but not visible from the Laguna immediately to 
the west on account of the sand hill 013 the center and western Bide of Padre Island. 
The station is marked according to notes lb  and 7a.I Note l lb  or 25 describes the 
reference mark, which is 23.65 meters (77.6 feet) from the station in azimuth 269' 27' 
35N. Other azimutha are: To windmill back of station Rox, 111' 37/830//; a second 
windmill back of the statiori Rox, 111' 40/ 30)'. Point of Rocks tangent beam south 
66' west (magnetic). 

Shells 9 (Willacy County, P. I*. Trueblood, 1912; 1913).-Near the outside beach of 
Padre Island, 234 meters (8 feet) east of the summit of the highedt and most conspicuous 
hill within 2 miles in either direction. The station is marked according to notea lb  
and 7a.1 Note l l b  or 25 describes the reference mark which is 25.61 meters (84.0 
feet) from the station in azimuth 96' 62) 28//. Other azimuths are: To center of motte 
Carnestoliendos, 44' 28/ 10"; to black hummock Padre beach, 121' 10' 30". 

Grifim Point 2 (Willacy Cpunty, P. M. Trueblood, 1912; 1913).-On the south side 
of B a r n  Bay, about 1 mile west of G I % ~  Point, 100 meters (328 feet) back from the 
shore, on the highest hill in this locality. The station is marked according4o notes l b  
and 7a.I Note l l b  describes the reference mark, which is 23.42 meters (76.8 feet) 
north 2' west (magnetic) from the station. - Xurdock (Willacy County, P. M. Trueblood, 1912; 1913).4n a conapicuow, conical 
sand hill on the ,Gulf beach of Padre Island directly am88 fmm Murdocks Landing, 
about mile south of Pat Dum's c o d ,  and 2 miles south of the Rock Pen landing 
on the ICenedy ranch. This hill is probably the highest in the vicinity; it haa an ele- 
vation of about 40 feet and is 100 meters (328 feet) from the high-water mark. The 
atation is marked according to notes l b  and 7a.I Note l l b  or 26 describes the reference 
mark, whichis 50136 meters (165.2 feet) from the.station in azimuth Si0  23/34//. Other 
azimuths me: Windmill Carnestoliendos, 69' 20/ 24//; windmill near Rock Pen, 1 2 1 O  
20/ 26" a second windmill near Rock Pen, 121' 38/ 66//. 

SuZt (Willacy County, P. M. Trueblood, 1912, 1913).-0n the mainland shore of 
Laguna Madre,2% miles south of GrifTh Point, at  an old boat landing known &B 

Rock Pen. It is on a slight rise in the shore line at  an elevation of about 10 feet, and 
20 meters (66 feet) back from the high-water line. The station is marked according to 
notes l b  and 7a.l Note l l b  1 describes the reference mark, which is 17.59 meters 
(57.7 feet) from the station in azimuth 105' 03/ 30.// Other azimuths are: To corner 
of the old wharf, about 80 meters (262 feet) distant, 234' 16/; to windmill Carnestolien- 
doe, 24' 15/ 05//; to pita, about 80 meters (262 feet) distant, 177' 35'; to right one of the 

' 
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two windmilla, about 1 mile distant, 122' 21/ 10"; to windmill (2 miles), 27' 21' 50"; 
ta windmill (2 miles), 47' 57/ 65". 

Rabbit 2 (Nueces County, P. M. Trueblood, 1912).--0n the peninsula between 
BafEna Bay and Agua Dulce Creek, just north of a clump of cactus, on a small gntss- 

covered hill, about 300 meters (984 feet) from the north shore of the peninsula; about 
600 metera (1,640 feet) to the south is a larger hill which is thickly wooded. About 700 
meters (2,297 feet) southeast of the hill is a rather large salt water pond, with a high 
sand ridge blown up to the north of it. The station is marked according to notes l b  
and 7a,l except that both the underground and the surface station marh have brass 
wedges with notches for center marks instead of nails. Note l l b  describes the refer- 
ence mark, which is 129.6 meters (425.2 feet) north 67' 00' west (magnetic) from the 
station. 

Penescal d (Willacy County, P. M. Trueblood, 1912).-On a small peninsula entirely 
surrounded at high water, between Ba- Bay and a salt lagoon, on the south Bide of 
the bay, 3% miles west of G r i f l i ~ ~  Point. The station ia 6 meters (20 feet) east of a 
thick growth of cactus; 47 meters (154 feet) east of the west shore where the channel 
rmthrough to thelagoon; 40 meters (131 feet) south from thenorthshoreand 15 meters 
(49 feet) north from the south shore. The station is marked according to notes l b  and 
7a.l Note l l b  describes the reference mark, which is 45.99 meters (150.9 feet) from 
the Btation in azimuth 229' 06/ 57/'. Other azimutha are: To elevated steel tank at 
La Pam, 80' 46/ 35"; windmill with tank 1 mile distant, 273O 45/ 35/'. 

B a n k  8 (Nueces County, P. M. Trueblood, 1912.)-On the west ehore of Agua Dulce 
Creek, known locally as Alazan Bay, and about 7 miles from Baffins Bay. The station 
is about 50 meters (164 feet) south of the summit of a conspicuous flat-topped hill, 50 
or 60 feet high, 250 meters (820 feet) long east and west, and 600 meters (1,968 feet) 
from the shore. One-half mile to the southeast and 150 metera (492 feet) from the beach 
is a motte resembling a bushy hill, and mile to the northeast near another hill is a 
pair of twin windmills. The station is marked as described by notes 24 and 26 1 

except copper wedges instead of nails indicate the center of the station. The following 
&ctiom were observed: Channel stake in the bay, 0' OO/; end of fence in the water, 
4' 45/; left of the two windmills, 198' 36/; right of the two windmills, 199' 41'; a lone 
Spaniah dagger on the beach, 357' 41'. 

Agua (Nueces County, P. M. "rueblood, 1912).-About % mile west of Agua Dulce 
Creek, % mile north, 210 meters (689 feet) south and 126 meters (410 feet) east of the 
shores of a aalt lagoon and 250 meters (820 feet) southwest of a small salt water pond. 
There is a low ridge of wooded hills about 1% miles west. The station is on top of a 
hill in a clearing and is marked according to note 23,l with the exception that the- 
subsurface and surface marh have pieces of braea with a notch in the top for center 
marks h t e a d  of nails. Note l l b l  describes the reference mark, which is 16.7 metera 
(54.8 feet) from the station in azimuth 237O 08'. Other azimuths we: To elevated 
steel tank at La Papra, 46' 33/ OON; elevated tank at Buena Vista Hotel, 67O 21' 05". 

Cmwfwd 2 (Willacy County, P. M. Trueblood, 1912).-On Kenedy's ranch, on the 
south side of B a a s  Bay, on a point that projects into the bay, on a brush-covered 
hill about 20 metera (66 feet) from the shore and 15 feet high. The station is about 
200 meters (656 feet) northwest of a pond, dry except in wet weather, and ia marked 
according to notes lb  and 24,' with the exception that the underground mark has a 
small piece of brass instead of a nail. Note l l b  1 describes the reference mark, 
which is 50.42 meters (165.42 feet) from the station in azimuth 343' 02' 35/'. Other 
azimuths are: Tangent to Rabbit Point, 216' 45/ 25"; lone pita on the beach, 227O 
33/ 30"; north gable of PaaadisO freight house, 107' 59' 10"; north gable Paeacbo 
boathouse, 109' 03/ 25". 

4 8ee pp. 67-59. 
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Pasudiso (Willacy County, P. M. Trueblood, 1912).-On a small, hard clay hill, on 
the south aide of Baffina Bay, about mile northwest from Kenedy’s wharf and 
boathouse, 150 meters (492 feet) from the shore, 105 meters (344 feet) north of a salt 
pond, and 200 meters (656 feet) southeast of a small fresh-water pond. The station 
is marked according to notes l b  and 24.‘ Note l l b  describes the reference mark, 
which is about GO meters (197 feet) from the end of the high point that projects into 
the salt pond, and is 112.75 meters (369.91 feet) from the station in azimuth 339’ 
42/ 23)’. Other azimuths are: North gable of Kenedy’s warehouse, near the wharf, 
343’ 31’ 50”; &eel tank, La Pam, 47” 10’ 30”; lone Spanish dagger on hill, 400 meters 
(1312‘feet) diatast, 72’ 43/30N; middle chimney of Buena Vista Hotel, 141’ 65‘ O V .  

SUPPLEMENTARY POINTS. 

Ranch (Cameron County, J. B. Boutelle, 1917).-0n the south end of the point, 
known locally as Palanga Ranch, about 1% miles southwest from Point Isabel Light- 
house, on the western side of a ridge netu a small house. The station is marked by 
a 4-inch drain tile pipe projecting a few inches above ground and filled with cement. 
A nail inserted in the cement, point up, marks the center of the station. The north- 
west corner of house is 28 meters (92 feet) in azimuth 330’ 23’, and the southwest 
corner is 32 meters (105 feet) in azimuth 249’ 08’ from the station. 

windmill (Willacy County, E. H. Pagenhart, 1913).-The northerly and higher of 
two windmills on Lopefia Island. 

Demit (Nueces County, P. M. Trueblood, 1912).-The station is on Demit Island, 
at the northern entrance to Laguna Madre, and about mile east of Flour Bluff, 
which is on the mainland. Demit Island low and covered with mad With Borne 
patches of grass. The station is on one of these grass patches. It is about 215 paces 
from the northern or outside shore of the island, about 281 paces from the southern . 
shore, and about 156 paces from the western shore. The station marked as described 
in nota  l b  and 7a.l Note l l b  describes the reference mark, which is 31.95 meters 
(104.8 feet) from the station in azimuth 283’ 11/20”. Thereference mark is 11 metere 
(36 feet) west of the shore of a ma l l  inlet. Other azimuths are: To east gable of 
Welburn’s house (post office), 96’ 50’ 50”; to moat northerly Windmill at Flour Bluff, 
101’ 19/ 40”. 
Puzzle (Nueces County, P. M. Trueblood, 1912).-On the mainland 2.2 miles below 

Peat Island, and 28 paces from the sand beach. It is 1 mile northeast of the abandoned 
Barnes’ house, which had a windmill alongside about 300 meters (984 feet) south from 
the first opening in the beach below‘ the Peat Island Channel, and 45 paces south of 
the next (blind) opening. The station on land, which is composed of finely broken 
shells and is 3 feet above the ordinary stage of the water of the Laguna Madre. ‘Parallel 
to the beach and distant 7 meters (23 feet) is a salty pool, about 8 meters (26 feet) 
long, and about 3 meters (10 feet) wide, about 1 foot deep; south of this pool are two 
similar pools 10 meters (33 feet) and 7 meters (23 feet) long, respectively. Beginning 
about 6 feet from the station, trenches 2 feet wide, 1% feet deep, and 12 feet longwere 
dug, two parallel to the beach and two normal to it. A mound of shells 2% feet high 
and 4 feet irr diameter was placed at the outer end of each trench. Hard pine stakes 
were set beyond these mounds.. Notes 24 and 26 describe the station marks. 

mile 
west of Padre Island, on the highest part of South Bird Island, about 13 meters (43 
feet) north of the l q e e t  clump of Spsnish daggers, 49 meters (161 feet) south of a 
slightly smaller clump, and about 47 meters (154 feet) from each of three small ponds 
to the northwest, northeast, and east, respectively. The fitation marked according 
to notes l b  and 7a and 22.‘ 

’ 

South Bird (Nueces County, P. M. Trueblood, 1912).-Station i s  about 

< 
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North Bird (Nueces County, P. M. Trueblood, 1912).-On North Bird Islandin the 
Laguna Madre. The island is small and is covered with grass apd small bushes. 
The station L on ground slightly above the general level, about 45 meters (148 feet), 
60 meters (197 feet), and 57 meters (187 feet), respectively, from high water to the south, 
west, and east. The station is marked according to notes lb, 7a, and 22.' There is 
no reference mark. 

Cubullos (Willacy County, P. M. Trueblood, 1912).-The geographic position of this 
station ww not determined. It is located about 237 meters (778 feet) from the southern 
end of the long narrow island known as Potrero Los Caballos. This island is on the 
west side of Laguna Madre, 4.2 miles south of Rocky Bayou and 5 miles south of the 
north edge of the "Big Plats." The station iS on the highest point of the island. 
The station is marked as described in notes l b  and 7a.l Note l l b  describes the 
reference mark, which L 36.00 metera (118.1 feet) directly north of the station. 

LOST STATIONS. 

POINT ISABEL TO CORPUS CHRISTI. 

The stations in the following list have either been destroyed or 
they probably can not be recovered unless distances and directions 
are measured to them from some other stations more easily recover- 
able which have been established later near the older stations. In  

* all cases where the stations are known to have been lost a note to 
that effect is made. 

- Padre (Nueces County, H. D. King, 1905).-In 1912 reported lost. 
Grunts (Nueces County, R. E. Halter, 1877; 1905).-Marked as described in note 28.1 
Chappa (Nueces County, R. E. Halter, 1877; 1905).-Marked aa described in note 28.1 
Peat Island (Nueces County, R. E. Halter, 1877; 1882).-Marked aa described in 

Mott (Nueces County, R. E. Halter, 1877).-Marked as described in note 28.' 
Richards (Nueces County, R. E. Halter, 1877).-Marked as described in note 28.' 
Wheelbarrm (Nueces County, R. E. Halter, 1877).-Marked as described in note 28.1 
Point of Rocks (Nueces County, R. E. Halter, 1877).-Marked as described in 

Gri$Ens Point (Willacy County, R. E. Halter, 1877).-Marked as described in note 

Shells (Willacy County, R. E. Halter, 1877).-Marked aa described in note 28.' 
Coyote (Willacy County, R. E. Halter, 1877).-Marked as described in note 28.1 
Venudo (Willacy County, R. E. Halter, 1877; 1881).-Marked as described in note 

Indian (Willacy County, R. E. Halter, 1878).-Marked as described by note 28.' 
Station Hill (Willacy County, R. E. Halter, 1878).-Marked aa described by note 

Stoley (Willacy County, R. E. Halter, 1878).-Marked aa described by note 28.1 
Avow (Willacy County, R. E. Halter, 1878).-Marked as described by note 28.1 
Tun2 (Willacy County, R. E. Halter, 1878).-Marked aa described by note 28.' 
Gladiator (Cameron County, R. E. Halter, 1878).-Marked aa described by note 28.' 
Waterhok (Cameron County, R. E. Halter, 1879).-Marked as described by note 28.1 
Sunta Cmz (Cameron County, R. E. Halter, 1879).-Marked as described by note 28.1 
Fhur Bluff (Nueces County, S: A. Gilbert, 1860; 1876).-Marked by a bottle 

buried in the ground for center of the station; surrounded With iron reference marks 
at the surface. In 1876 the hill waa reported as badly eroded. 

1 See pp. 67-69. 

note 28.' 

note 28.' 

28,' except that the center stake waa palmptto. 

28.' In 1913 reported probably lost. 

28.' In 1913 reported probably lost. 
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Thompsons (Nueces County, R. E. Halter, 1876).-Lost. 
Kmedy (Nueces County, R. E. Halter, 1877).-Marked aa described by note 28.' 
Penescal (Willacy County, R. E. Halter, 1877).-Marked aa described by note 28.' 
Rabbit (Nueces County, R. E. Halter, 1877).-Marked as described by note 28.' 
kawford (Willacy County, R. E. Halter, 1877).-Marked aa described by note 28.' 
D e e  (Nueces County, R. E. Halter, 1877).-Marked aa described by note 28.' 
Bovido (Nueces County, R. E. Halter, 1877).-Marked aa described by note 29.1 
Camp (Nueces County, R. E. Halter, 1876).-Marked with a concrete pyramid with 

lead in its apex, buried 3 feot below the surface of the ground. A pine pole waa placed 
above this. 

Jack (Nueces County, R. E. Halter, 1877).-Marked aa described in note 29.' 
Peg (Nueces County, R. E. Halter, 1877).-Marked aa described in note 29.1 
Gum Pen (Willacy County, R. E. Halter, 1878).-Marked &g described in note $9.' 

New (Willacy County, R. E. Halter, 1878).-Marked aa described by note 29.' 
Rock Pen (Willacy County, R. E. Halter, 1877).-Marked aa described by note 29.' 
Bird (Nueces County, R. E. Halter, 1877).-Mwked as described by note 29.l 
Frank (Nueces County, R. E. Halter, 1877).-Marked aa described by note 29.' 
Cow (Nueces County, R. E. Halter, 1877).-Marked aa described by note 29.' 
WilZow (Nueces County, R. E. Halter, 1877).-Marked as described by note 29.' 
Camp No. R (Nueces County, R. E. Halter, 1877).-Marked as deacribed by note%. 
Mudock's Landing (Willacy County, R. E. Halter, 1877).-Marked aa described by 

Ford\(Nueces County, R. E. Halter, 1877).-Marked aa described by note 29.' 
Sand (Willacy County, R. E. Halter, 1878).-Marked as described by note 29.' 
Mosquito (Willacy County, R. E. Halter, 1878).-Marked aa described by note 29.1 
Qrossing (Willacy County, R. E. Halter, 1878).-Marked as dwcribed by note 29.' 

Portalis (Cameron County, Et. E. Halter, 1878).-Marked aa described by note 29.' 
Rainy (Willacy County, R. E. Halter, 1878).-Marked aa described by note 29.' 
Bonnet (Cameron County, R. E. Halter, 1878).-Marked aa described by note 29.' 

Brant (Cameron County, R. E. Halter, 1878).-Marked a8 described by note 28.' 
Duck (Cameron County, R. E. Halter, 1879).-The station waa marked by a lead 

plug in a coral rock and by four bottles buried with their tops level with the surface 
of the ground, 3 feet from the center, and on lines intersecting a t  right angles a t  the 
center. 

In 1913 it waa reported as probably lost. 

note 29.l 

In 1913 reported as probably lost. 

In 1913 it waa reported aa lost. 

oil (Cameron County, R. E. Halter, 1879).-Marked aa described by note 29.' 
Cat (Cameron County, R. E. Halter, 1879).-Marked aa described by note 29.' 
snipe (Cameron County, R. E. Halter, 1879).-Marked aa described by note 29.' 
& m a  (Cameron County, R. E. Halter, 1879).-In 1885 reported lost. 
Wolf n a p  (Cameron County, W. E. Greenwell, 1854).-Recovered in 1867, but then 

Waa marked only by stakes aa reference marks. Should be considered aa lost. 
Boca ChiCa 2 (Cameron County, C. H. Boyd, 18137)~-Marked only with mesquite 

Post. 
Rio Grande Observatory (Cameron County, W. E. Greenwell, 1854, 1867.)-Marked 

With monument of masonry. In  1867 only the baae.remained, and this waa reported 
then aa being in danger of being washed away. Should be considered aa lost. 

3 See pp. 67-59, 
67561O-184 
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COMPUTATION, ADJUSTMENT, AND ACCURACY OF THE 
ELEVATIONS. 

The zenith distances directly observed at each station were first 
computed. These zenith distances were corrected for height of the 
object observed and of instrument so as to refer them all to the ground 
at each station or to the surface marks a t  the station. 

The difference of elevation of each pair of stations in the main 
scheme was then computed from the observations over the line joining 
them by the formula 

in which h, and h, are elevations of the stations, tz and tl are the 
measured zenith distances as corrected for height of instrument and of 
object observed, s is the horizontal distance between the stations, and 
p is the radius of curvature of the earth. 

As there are always two or more lines to each new s~ation, many 
rigid conditions exist between the observed differences of elevation, 
even if the connections with the precike leveling were ignored, and the 
least square adjustment furnishes the readiest accurate means of 
deriving the elevatiqns. 

The elevations of stations of the primary scheme from the Alioe b p e  
net to the Point Isabel base net and to the line Donna-Rio were 
adjusted in one set of equations. In this adjustment the elevation 
of Alice west base, Wood, and Point Isabel west base were held k e d  
at  51.75 meters,l 40.46 meters,' and 3.00 meters,, respectively. 

The probable error of an observation of weight unity derived from 
this adjustment is f0.95 meter. In other words, the reciprocal 
observations over a line 31.7 kilometers (19.7 miles) long, this being 
the length of the line corresponding to unit weight, determined the 
difference of elevation of two points with such a degree of accuracy 
that it is an even chance whether the error is greater or less than 0.95 

The probable errors for other lines were assumed to be pro- 
portional to their lengths. 

The probable errors of the elevations of Alice west base and Wood, 
determined from vertical angles, do not exceed f0.39 meter. The 
probable error of the elevation of point Isabel west base, determined 
by connecting the leveling along the base with a tide staff, does not 
exceed f0.10 meter. 

Station Brenner was assumed to be the one least accurately deter- 
mined, and its probable error was computed as a limiting value and 
found to be f0.55 meter from the vertical angles alone, or when 
combined with the probable error of the stations fixed by previous 
vertical angle adjustment, it was f 0.67 meter. 

~ meter. 

I 

1 See Appendix 6, Report of 1911, p. 409. a see Appendix 4, Report of 1907, p. iao. 
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Station. Point to which elevation 
refen. 

Meters. I 
class 1. 

3. o( 

61.76 
40.46 
38.03 
15.01 
31.47 

19. 71 
23.47 
15.57 
23.9s 
23.40 

21.73 
13.04 
9.90 

14, Bo 

9. 9e 
13.88 
10.88 
11.50 
9.82 

18.04 
10.00 

17.21 
23.16 

13.09 
15.42 
9.97 
8.98 
7.18 

29.54 
24.15 
10.27 

9. sa 

1%. %a 

105 0 
80: 0 
43.6 
63.0 
44.1 

37 3 
41: 1 
483 

Feet. 

9.84 

189.8 
132.7 
124.8 
51.2 

103.2 

04.7 
77.0 
61.1 
78.7 
70.8 

71.3 
42.8 
32.7 
32.7 
47.9 

46.6 
36.0 
38.0 
32.2 

1 : 6  
52.5 
86.4 
MI. 6 
78.0 

81.3 
60.8 
32.7 
29.6 
23.0 

98,2 
79.2 
a3.7 

82. 7 

E 

E 

159 
174 
145 

168 
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Point to which elevation 
r e m  . Station . i 

I 

U . S . COAST AND GEODETfa SURVEY . 

Elevation . 

Meters . 

&d8 S-Continued . 
Rivienr schoolhouse .................................. 
Ricardo schoolhouse ..................................... 
Sarita stand ipe ...................................... 
a e d y  ranch oil-we derrick1 ....................... 

Do ............................................... 
Turcotte section house ................................ 
Nonas’s house ........................................ 
Rudolph water tank ................................. 
Raymondville cotton gin smokestack .................... 
Harlingen staidpi ..................................... 
Harlingensugac& ................................. 
Harhgen pumping station ........................... 

Do ............................................... 
Mercedes Canal pumping station ...................... 
Mercades standpipe ................................... 
Mercedes west church ................................. 

Kenedy”ran& s t andpe  ................................... 

Katherine, railroad water tank1 ...................... 
Windmill f mile north-northeast of Norias’s house 1 ... 
Raymorhvllle, water tank ... ............................. 

Top of cupola ............... 
..d 0. ...................... 

Top ........................ 
do ....................... 

Ground at foot of derrick .... 
Top of derrick ............... 
Top of north chimney ....... 
Top ......................... 
Top of south gable .......... 
Ground ..................... 
Top ......................... 

do.. ..................... 
.do ....................... 

..do.. ..................... 
Top of steel derrick with 

yardarm . 
Top of tall stack ............. 
Top of low stack ............ 
Top of tall stack ............. 
Top ......................... 
TOD of SteeDle ............... . . .  ~~ ~ 

Mercedes east church ..................................... :do ................ 
San B d t o  pumping station .......................... To of cylindrical I s!wk . . 

Ban Benito sugar mill ................................. 
San Benito standpi Q e ................................ 
Unlted States and exico boundary monument R 

P . No . 28.1 

....... I short 

V..-l-. 
Top of tall brick stack ....... 
Top ......................... ...... do ......... ?. ............ 

San Benito Bank and Trust Co . building* ............ 1 T ~ ~ ~ ~ u p o l a .  on southwest 

United Btates and Mexico boundary monument R 
United States and Mexico boundary monument R 
Pro esso church ..................................... 
La Rria pump+g station flrst lift .................... 
’La Ferls pumpmg station second lift ................. 
Santa Maria Catholic Church spire .................... 
Heidelberg church ................................... 
OhbTexas Bugar Co . factory ........................ 
Cow 11 water tank ................................... 

P . No . 31.1 

P . No . 63.1 

01 2 to factory northern of two chimneys ................. 
Olmito factory: southern of two chimneys ................. 

...... do ....................... 

...... do ....................... 
Top of steeple ............... 
Top of tall stack ............. 
Top of stack ................. 
Top of steeple ............... 
Top of chimney ............. 
Top ......................... 

do ....................... 
do ....................... 

,Top of ballat bottom of cross . 

20.8 . 24.5 

44.7 
32.0 
7.0 

35.0 
16.4 

19.8 
13.1 
5.2 

19.2 
20.8 

27.8 
54.5 
6.3.4 

55.0 
41.7 

55.3 
48.1 
43.7 
41.4 
41.7 

26.5 

45.7 
25.0 

23.8 

15.5 

43.1 
48.5 
45.8 

40.6 
41.0 
45.5 

23.8 
36.0 
40.8 

55 .a 

Feet . 

97 
80 

147 
105 
23 

115 
54 

65 
43 
17 
83 ea 
91 

179 
1 76 

180 
137 

181 
158 
143 
138 
137 

87 

181 
150 
82 

78 

51 

141 
159 
160 

133 
13.5 
148 

78 
118 
133 - __ 

1 No check on this elevation . 
ASTRONOXID WORK . 

‘ There are two longitude stations which were connected with 
stations of the primary triangulation covered by this report . One i s  
near Point Isabel and the other is near triangulation station Donna . 
The methods employed by the observers are described in that part 
of Special Publication No . 14. which deals with the telegraphic 
determination of a Merence in longitude . 

The Rio Grande Observatory. now destroyed. is the only astronomic 
latitude station connected with the primary triangulation treated in 
this volume . Its geodetic position is given on page 56 . IDwm 
estabhhed in August. 1853. when 127 observations were made on 
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Ration. 
Number Probable 

Date of occupation. of posl- error of I 1  tiorzs.1 result. 

Robbius.. ............................................ 
Brenner .............................................. 
Raymond ............................................ 
D o M ~ .  .............................................. 

1 Each new setting of the gradwWd circle with relation to  the dmction to  the initisl station or line is 
called a position. In m y  one osition two poiutings -7th the telescope are made on each object, one with 
the telescope direct and the ot&or reversed. 

Summay of the determination of the difference of longitude, Point Isabel and dust in;  Ta. 

-_L_ 

1913. 
Mar. 16.. ................... 16 f0.23 
Apr. 11 ..................... 14 -+ .32 
A r. 19 ..................... 16 f.23 dy 23,24.. ................ 30 f.22 

Station- Date of 
exchange 
of time 

?astorn. Western. sig~~&. 

1906. 
Point Isabel ................... Austin ...................... Mar. 29 

Do ............................. do ...................... Mar.30  
DO ............................. do ...................... Mar. 31 

Mean ............................................................ 
Correction for loop closure 1.. .......................................... 

Fmal difference. ................................................. 

At Austin the transit was mounted on the pier which was used in 
1895 and 1899, reference to which may be found on pages 239 and 
264 of Appendix 2 of the Report for 1897. The adjusted longitude 
of this Austin station is 6h 30m 57".024 or 97' 44' 15".360. 

At Point Isabel the transit was mounted on a concrete pier 10.60 
meters east and 21.21 meters north of triangulation station Fronton. 
(See description on p. 400 of Appendix 5 of the Report for 1911, and 
p. 67 of this report.) The astronomic station is 2m 078.287=31' 
49".306, east of the Austin longitude station of 1895-1899-1906. 
The longitude of the Point Isabel astronomic station is therefore 
97" 12' 26".055 and the longitude of triangulation station Fronton 
k 0".375 greater or 97' 12' 26".430. 
&Lm%ry of the determination of the difuence of longitude, Austin and Donna, T m  

Trans- Station- 

Eastern. I Western. sfgnaltl. 

T ~ s -  Difference 
tude. 

AA 
oflongi- " mission 

time. ---- . .  
m. E. E. 8. 

2 07.270 4-0.030 0.036 
07.288 +.W2 .037 
07.332 - .032 .028 

2 07.300 f0.012 .033 
-- 

-0.013 .................... 
2 07.287 .................... 

A V O  ........................ ............................. 
D0.i ........................... 

. MeSn 

1913. m. 8. E. 
Donna ....................... May 80 1 14.320 -i:Oll 0.068 

do ...................... May 31 14.291 + .019 .043 
da ...................... June 1 14.318 - .008 .MO 

............................................................ 1 14.310 f0.008 0.046 
-- 



At Austin the transit was mounted on1 the longitude pier 08 1,911. 
This pier is 11.716 meters west and 0.122 meter south of t h o l d  
longitude pier occupied in 1895, 1899, and 1906, reference to which 
may be found on pages 239 and 254 of Appendix 2 of the Report for 
1897. The adjusted longitude of the pier of 1895-1899-1906 is 
6" 30m 578.024 or 97' 44' 15".360. The 1911 pier is 08.029 west of it, 
making the longitude pier of 1911-1913, 6h 30m 578.053 or 97' 44' 
15".795. 

* At Donna the transit was mounted on a concrete pier 31.607 meters 
west and 0.034 meter north of the triangulation station Donna (see 
description on p. 64). The longitude station is In 148.310 or 18' 
34".650 west of Austin longitude station of 1911-1913. The longi- 
tude of Donna longitude station is therefore 98' 02' 50".445 and the 
longitude of Donna triangulation station is l'I.138 less and therefore 
98' 02' 49".307. 

LAPLACE POINTS. 

A Laplace point is a station of the triangulation at which the 
astronomic azimuth has been observed and the astronomic longitude 
has been determined. 

A Laplace azimuth is an observed astronomic azimuth corrected 
for the' prime vertical component of the deflection of the vwtiical. 
This deflection is the angle formed by the actual plumb-line direction 
with the normal to the reference spheroid at the point of observation. 

It is possible to carry the geodetic longitudes throughout a conr 
tinuous system of triangulation with very little error, but the geo- 
detic azimuth is affected by the accidental e?or& of the observations 
of horkontal directions and also by the systematic error which seems 
almost always to be present in an arc of triangulation.' The effect 
on the azimuth is, in general, of such a magnitude that it is very 
desirable that true or Laplace azimuths be introduced into the scheme 
arid held in the adjustment of the triangulation. This was done in the 
triangulation covered by this report. The Laplace azimuths are at 
station Alice, at the beginning of the scheme, at station Fronton, 
and at station Donna. 

LAPLACE CORRECTIONS. 

If, after a datum has been selected for the triangulation in any 
area, Laplace azimuths are determined and the triangulation adjusted 
to them, then what may be called true geodetic latitudes and longi- 
tudes can be determined for the various stations of the triangulation. 
These positions will be free from the effect of the deviation'of the 
geodetic azimuths determined by the triangulation. But the Laplace 
azimuths in the adjustment of the triangulation in the United StaW 
ham only been used in recent years. In consequence,- to obtain the 

* Sea pp. 84-79 of Speolsl Publicatfon No. 19. 
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value of the deflection of the vertical in the meridian at any point we 
need to know not only the value of the difference between the astro- 
nomic latitude and the geodetic latitude, as given directly by the tri- 
angulation, but also the effect on the geodetic latitude and longitude 
of the deviation of the observed .azimuth of the triangulation from. 
the true azimuth. 

In  the case of the ninety-eighth meridian triangulation the Laplace 
azimuth at  station Alice only was used when that portion of the arc to 
the south of the thirty-ninth parallel arc was adjusted. Also no La- 
place azimuths had been used in the adjustment of the triangulation 
along the thirty-ninth parallel. As a result, there were no latitudes 
and longitudes in the southern ninety-eighth meridian triangulation . 
which were not affected by the deviation of the azimuth in the tri- 
angulation, and hence those geodetic data differ from what may be 
called ‘the true North American datum latitudes and longitudes. The 
corrections necessary to make the geodetic. data agree with the true 
data may be called Lablace corrections.’ 

On account of not having used all of the Laplace azimuths in  the 
older triangulation adjustments, it is found that the Laplace cor- 
rections at Alice, Tex., are: 

For latitude- - - _ _  +Of ’ .  08 
For longitude- - - - - 1”. 42 

In  the adjatment of the triangulation the Laplace azimuth was 
In  consequence, the Laplace correction to the not rigidly held. 

azimuth a t  Alice is + O ” .  04. 

DEFLECTIONS OF THE VERTICAL. 

MERIDIAN DEFLECTIONS. 

At Alice the Laplace correction to the geodetic latitude is +Of  .08. 
A like amount should be applied to the geodetic latitude of the Rio 
Grande Observatory, which is 25’ 27’ 17”.197 ,and then becomes 
25’ 27’ 17”.28. As the astronomic latitude of that observatory is 
25’ 57’ 21”.64, the value of A-G is +4”.36. The deflection of the 
vertical in the meridian is therefore to the southFard. 

PRIME VERTICAL DEFLEOTIONS. 

As the geodetic longitude at Alice requires a Laplace correction of - 1”.42,’ the same correction must be applied to the geodetic longi- 
tudes a t  Fronton and Donna before the true value of the deflection 
can be ob tained. 

Seep. 20, supplementary Invcstigation in 1809 of the Fiwrc of tho Earth and Isostt%iy, 109, 5. F. 
Heyford. ’ 
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ptation. 

Fronton ._......._........ 
Donna ..-.__.._._......__. 

The following table gives the principal facts regarding the prime 
The deflection is vertical deflection at stations Fronton and Donna. 

to the eastward in each case: 

Prime vertical de$ectwns from longitude determinations. 

Deflec- 
Astro- Laplace tion of 

Geodetic n o e c  A-a. correc- Corrected Cos. vertical 
longitude. Ion tion to A-Q. latitude. A-G in 

tudf: A-G. prime 
vertical. 

-----___ . ,  , I1 ,, 
+LO8 +1.42 +2.60 0.8982 +2.25 
+3.90 +1.42 +5.32 0.6976 +4.78 

At Alice there is, as mentioned above, a Laplace correction to the 
geodetic azimuth of +0”.04, and therefore there is a valug of A-G of 

In the adjustment of a‘primary arc of triasgulation, the Laplace 
azimuths are computed and equations are included in the adjust- 
ment to hold these azimuths; but as all the changes which may occur 
in the adjustment can not be provided for, the final azimuth may 
diBer.by a small amount from the true azimuth. If this difference is 
so small as to be negligible, as is generally the case, no other adjust- 
ment is made. 
This is the case with the triangulation covered by this book. 

There should be applied Laplace corrections to the geodetic azimuth 
at Fronton and Donna of -0”.03. With corrections of +0”.04 at 
Nice and\of -0”.03 at Fronton and Donna, there are necessarily 
errors in the geodetic azimuths at the stations between each two 
of these three azimuth stations. It has been found that the Laplace 
cofiections ah the intermediate azimuth stations are: At Robbins, 
+0”.02; at Brenner, - 0”.01; at Raymond, - 0”.01. 

Prime vertical &fictions from A z i m u t h  determinations. 

- O’I.04.’ 

. 

96 02.8 314 05 16.57 I 

Rlviers . . 
Yturria.. 
Bronncr.. 
Point Is- 

a b e l  

base. -. 36.90 -1.13 +O. 03 -1.10 -2.0433 f2.26 I i I I  i 
s o u t d  

Rio.. . . . - 13-20 -2.37 +O. 03 -2 34 4 . 0 3 5 8  +4.76 

49.66 -1.36 -0.02 -1.37 -1.8370 +ZBb 
26. W -1.60 +O. 01 -1.59 -2 0076 +a, 19 
11. BO -3.16 +o. 01 -a. 14 -2 m +a 80 

1 See p. 20 of Supplemontal Investlastlon in 1908 of tho FIguro of the Earth and Isostasy. 
2 The astronomic azimuths have not beon corrootcd for variation of tho polo. 
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The deflection of the vertical is in each cme to the earjtward. The 
values at Fronton in the above table agree exactly with the deflection 
from the longitude. The value at Donna is 0".02 smaller than the 
value of the deflection from longitude data. The latter should be 
used in any work connected with the figure of the earth. Wad the 
computations been carried to three decimal places, the deflections 
by azimuth and longitude would have agreed in the second place. 
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Fig. 11.-INDEX MAP SHOWING AREAS COVERED BY PUBLISHED TRIANGULATION WHICH HAS BEEN RIGIDLY COMPUTED ON THE NORTH AMERICAN DATUM. 

1, Ap endix 8 Report for 1885; 2, A pendlx 8 Re rt for 1888' 8 A pendix 8 Re ort for 1883' 4 A pendix 10 Report for 1894' 6 A endlx 6 Re ort for 1801. 6 A pendix 3 Report for 1902* 7 Ap endix EEE 
&mal Report of the Chief of Engineers l9&9 8, Ap e n h i  4 Eeport for le&. 9 A en&: 0 %e ort for 1904' 10 A pddik 6 e ort for Ifd. 11 Ap &dix$ Report for 1910' 12 Ap 'en& ! Report for 
1911; 13 A endix 6 Re ort for 1911; 14' A phdix B)Report for 1911' 16 8 'ecial $&blication 80.11; 16,s 'with 8ublioatio?&. 13; 17, Sprkiai Puglloation No. 16; 18, 6 &id Puhcation No. 17; 19 
Special huf8cation No. f9; 20,S Mia1 gubkxtion No. 24; 21,s eciai Piblkation No. 30: 22, fipeciel Publgatlon No. 31; 23, Report on the triangulation of Qraster Newsork; 24, Report on B plan oi 
sewerage for the city of Cinoinna& 26, Special Publication No. &26, Bpeolal Publimtion No. 46; 27, this publicskion. 
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Fig. l?.-lNDEX M A P  S H O W I N G  THE L I M I T S  OF EACH OF T H E  SKETCHES, 
FIGURES 13 TO 17. 
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+ 

Fig. 13.-PRIMARY TRIANGULATION,  ALICE BASE T O  S T A T I O N S  K A T H E R I N E  
A N D  ARMSTRONG.  
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illfim~le NNE of Norm Ho) 

udolph watlr t m k  

Fig. 14.-PRIMARY TRIANGULATION, STATION; KATHERINE AND ARMSTRONG 
TO T H E  RIO GRANDE, INCLUDING T H E  MEXICAN CONNECTION. 
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Fig. 1 5 . - T R I A N G U L A T I O N  A L O N G  THE COAST,  C 3 R P U S  C H R I S T 1  B A Y  T O  S T A T I O N S  
S A L T  A N D  M U R D O C K .  
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Fig. 16.-TRIANGULATION ALONG T H E  COAST, STATIONS SALT AND MURDOCK 
TO STATIONS'LOMALTO AND WINDY. 
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Fig. 17.-TRIANGULATION ALONG THE COAST, STATIONS LOMALTO AND WINDY 
TO POINT ISABEL. 
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