
HOUSE No. 40.

The legislature of Massachusetts, at its last session, ordered
"that the memorial of the American Academy of Arts and
Sciences, for a new and thorough scientific survey of the State,
be referred to the Board of Education, with a request that they
consider the same, and report thereon to the next general court.”

The Board of Education appointed Gardiner G. Hubbard,
Esq., Rev. Dr. A. A. Miner and Rev. Phillips Brooks a sub-com-
mittee to investigate the subject, and they

That on the fifth clay of November, 1874, they invited a few
scientific and other gentlemen, from different parts of the State,
who possessed peculiar facilities for giving information upon the
subject, to advise with them. The meeting was fully attended,
and showed that a deep interest Avas felt in the subject. The
remarks made by these gentlemen arc submitted herewith. At
the close of the hearing the Committee requested Profs. Peirce,
T. Sterry Hunt, and Messrs. Shuler and Scudder to act as a
committee, and, after a careful examination and conference Avith
others, to present their views on the proper method of making
the survey, its scale, the time required, and the probable
expense.

The Committee desire to express their thanks for the very
acceptable manner in Avhich they have performed their Avork,
and submit their report herewith.

Commmuucaltl) of iUassarljusctte.

REPORT:
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The former survey of the State seems to have been inau-
gurated by a Resolution of the House of Representatives, in
June, 1829, instructing a special committee of the House to
consider the expediency of procuring a map of the Common-
wealth. This committee reported in February, 1830, that such
a map was necessary, and the next month a Resolve was passed
by which Governor Lincoln was authorized to appoint a sur-
veyor to make a general survey of the State upon trigonomet-
rical principles, and project an accurate skeleton plan of the
State, the external lines thereof, and the most prominent objects
within these lines, and their locations. By a second Resolve
the towns were required to make surveys of their territory at
their own expense before January 1, 1831, and a fine of $lOO
was imposed on each town failing in the same, the fines to be
added to the state tax assessed upon the delinquent towns.
Succeeding Resolves authorized the employment of suitable
persons to make a'-geological examination in connection with
the general survey, and to procure a list of the miueralogical,
botanical and zoological productions of the State. In 1837 the
governor was authorized to make a further and thorough geo-
logical, miueralogical, botanical and zoological survey, with
particular reference to the discovery of coal, marl and ores, and
to obtain an analysis of the various soils of the State for the
benefit of agriculture. A list of the documents of the General
Court relating to the former survey is annexed to this Report.

These Resolves provided for a trigonometrical, topographical,
geological and biological survey.

A trigonometrical survey determines, by astronomical and
other calculations, the latitude and longitude of different points,
which arc marked by fixed natural or other monuments.

A topographical survey delineates the surface of the country,
and on accompanying maps shows the location and elevation of
the hills and valleys, the course of the streams, the water-basins,
and all the ways, roads and buildings erected upon the surface.

A geological survey describes the rocks, minerals and soils of
the State.

A botanical and zoological survey describes all that lives,
animate or inanimate. The whole gives a complete account of
the present condition of the world in which we live.

The portion of the survey performed by agents appointed
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by the governor was intrusted to men qualified for the work,
and was well done. The astronomical calculations were made
by Mr. R. T. Paine; the remainder of the trigonometrical
survey was commenced by Mr. James Stevens, assisted by
Mr. Simeon Borden, and after the resignation of Mr. Stevens,
in 1834, was completed by Mr. Borden. The Coast Survey
of the United States have since then made complete trigono-
metrical and topographical surveys of the entire seacoast of
the State, including all of the counties of Suffolk, Nantucket
and Dukes, the greater part of Barnstable, and portions of
Essex, Middlesex and Bristol. They resurveyed portions of
the work of Mr. Borden, and found it correct and accurate.
The trigonometrical survey of Mr. Borden, and the topo-
graphical survey of those portions made by the Coast Survey
will not require to be repeated. Some of the secondary points
determined by Mr. Borden, such as spires or other similar land-
marks, may have been lost. Congress has provided that the
Coast Survey shall determine the necessary triangulating points
in every State which shall make appropriations for a topograph-
ical survey. It will, therefore, determine these points and also
furnish whatever additional trigonometrical points are required
for the basis of such a topographical survey as is now con-
templated. The actual expenditure by the general govern-
ment, in behalf of the State, will be so large a sum that
the State may well take measures to obtain it. Besides
this financial aid, there is a great advantage in having the
skilled experience of the Coast Survey officers, who will
execute this work, and the standard of accuracy thus secured
to the State survey, and the opportunity afforded while this Act
of Congress remains in force, should not be lost sight of in the
interests of the State.

The topographical survey was made by the several towns.
These generally employed local surveyors but little qualified for
the work. Their surveys rarely gave more than the superficial
area of the town, without reference to hills or valleys, while the
scale adopted—one inch to two and one-third miles—was much
too small to show the artificial, or even many of the natural fea-
tures of the country. They would, therefore, have been of little
value, even if correct; but they were often inaccurate, and being
made by so many different parties, great discrepancies fro-
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quently existed between the surveys of contiguous towns. Con-
sequently it was with difficulty that, from such material, any
State map could bo made. Unless such a survey is made under
a single direction, by competent parties, and of a suitable
scale, it cannot be of much value.

The map of the State was completed in 1840, and published
in 1843. In 1860 and 1870, revisions were made, under Re-
solves, by Mr. H. F. Walling. No State aid was granted, but
Mr. Walling was allowed to use the field maps and notes of his
predecessors. The State map has been of little use in the con-
struction of roads, railroads or water-works, or in geological
research, or in the delineation of the water-sheds. As the
natural features of a country do not change, if a topographical
survey had been made at that time with the accuracy of the
trigonometrical, only the addition of new artificial works from
time to time would have been required.

The geological survey was conducted by Prof. Hitchcock,
and at that time gave a better account of the geology of this
State than had ever been given elsewhere in this country; but
the science of geology has so greatly changed since then, that
we are now informed that few States know less of their mineral
wealth than Massachusetts.

The former biological surveys consisted of Reports made by
Messrs. George B. Emerson, on the Trees and Shrubs; T. W.
Harris, on the Insects injurious to vegetation ; Chester Dewey,
on the Herbaceous plants ; E. Emmons, on the Quadrupeds ; D.
H. Storer, on the Fishes and Reptiles ; A. A. Gould, on the
Invertebrate Animals; and W. B. O. Peabody, on the Birds.
Each of these gentlemen received $350 for his work.

The Reports of Messrs. Emerson, Gould and Harris are
standard works, and probably of greater value than anything
upon the subject written at that time. Harris’s Reports have
been twice republished; Gould’s once. Emerson’s are now out
of print, but he has collected new material for another edition.

The agricultural surve} r was directed by the Rev. Henry W.
Coleman, who made three excellent Reports between 1837 and
1840. They were confined to two or three counties in the
eastern part of the State, but have been valuable manuals for
farmers.

From this synopsis, it will appear how broad and comprehen-
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sivo were the views entertained by the Commonwealth at that
period, what was actually accomplished, where wo are to take
up the work, and what remains for us to do.

Topographical Survey.

The value of a topographical survey depends, in a great degree,
upon its being of a suitable scale. The scale adopted in the
ordnance survey of Great Britain, and the ordinary field scale of
the Coast Survey, is six inches to the mile. This is considered the
best, and several gentlemen who appeared before the Committee
urged its adoption for the proposed survey. But the expense
increases in an almost geometrical ratio with the scale, while
the value of maps on a large scale is greater for cities and largo
towns, and those parts of the State where there are mineral
formations, than for other sections.

The Committee of Experts, after mature consideration,
recommend a scale of 1 : 25,000, or inches to the mile.
This would permit the delineation of contour linos twenty feet
apart; but in order to reduce the expense, they recommend
that exact measurements bo taken only every one hundred feet,
and that the auxiliary lines between them be filled in by the
topographer on the spot; this will exhibit the hills and valleys,
every river and stream, all ponds and reservoirs and other
natural features, all forests and arable lands, common roads and
railroads, and every building. Maps on a smaller scale can be
easily prepared, and the expense of the preparation and pub-
lication would probably bo repaid from sales to the public.

In some parts of the State, especially in the larger and more
wealthy towns, the scale of six inches to one mile, or 1 :10,000,
should be adopted. This scale will furnish maps large enough
to give the boundaries of every estate, in addition to the work
on a smaller map. This survey can be performed by the State
at less expense, better, and with greater uniformity than by the
several towns. The Committee therefore recommend that in
all towns of a given valuation, the survey on the larger scale be
made by the State, and the extra cost be charged to the towns
benefited, and collected with the annual tax.

The importance of a topographical survey on the scale recom-
mended, for the laying out or changing the locations of roads
and railroads, is too evident to need elaboration. The Com-
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mittee were strongly impressed by the testimony of Mr. Adams,
Chairman of the Board of Railroad Commissioners, on this
point. Under the general railroad laws of the State, parties
who wish to build a railroad are required to submit a survey of
the route to the commissioners, for their approval. If it ap-
pears to be correct, and shows a feasible route, the commis-
sioners are obliged to locate the road. Such a topographical
survey and map as proposed would enable the commissioners
to detect any inaccuracies in the survey submitted, and to select
the most eligible route. Had such a map been made in 1833,
it would not only have saved the individual survey of each rail-
road, but our roads would have been better located, with easier
grades, and more economically operated. The town and county
surveyors woidd also have used it in the location of every new
road, and in the straightening of old roads, and thus many
millions of dollars would have been saved to the Commonwealth.
Nearly all the necessary main railroads are constructed, but
many branch and lateral lines, and many now roads will still
be needed, and for these the survey is important.

Hydrographical Survey.

Massachusetts can never be a great agricultural State ; her
prosperity must depend almost entirely upon her manufactures.
For the success of these, abundant supplies of water are indis-
pensable. Wherever water-power can be found in our State, it
is the most economical agent for propelling machinery, and even
where steam-power is used, a constant supply of pure water is
equally necessary. The population of our State is rapidly
increasing, but the growth is almost entirely confined to towns
and cities. As they increase, the ordinary sources of water
become insufficient and impure, and the water must be brought
from abroad. It is therefore essential to know from what
sources an adequate supply can be obtained. The average
rainfall during the year, in different parts of the State, is
well known. A part is lost by evaporation, or is absorbed
by the earth ; the remainder runs into our streams and rivers,
and can be made available for our wants. The value of any
supply of water depends mainly upon its being constant and
uniform. This can only be secured by the construction of
dams and reservoirs, and these, if properly located, can supply
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many factories, as all require the surplus water at the same
time. By such means, the available water-power of Lowell
has been increased, until it is three times as large as formerly.

The number of towns that are constructing or extending
water-works is very large, and soon almost all our towns will
rely ou artificial supplies. The introduction of water necessi-
tates the construction of drains and sewers to carry off the
refuse water and deposits. This is discharged into natural
water-channels and basins, and, without great care, will pol-
lute the supply for other towns. The results of an improper
system of drainage are already visible in many places, but espe-
cially in the vicinity of Boston.

The erection of certain kinds of factories on our streams also
renders the water unfit for domestic use. The hydrographical
survey will show all the water-courses, the water-sheds and
drainage-basins; the total supply that can be relied upon in
each district; also where dams and reservoirs can be safely
constructed to store the largest supply of water. Such an
undertaking will consider the interests of the whole people, and
not of any one locality, and, at the same time, furnish a com-
prehensive survey, which will provide for the wants of every
town, save the necessity of independent surveys, and give
indispensable and reliable information upon all these questions.

Geological Survey.

Within a few years the science of geology and the sj'stem of
geological surveys have changed, and therefore the surveys of
a generation ago are now insufficient. Plans are now prepared
which exhibit the under-ground rocks, as well as those on the
surface. Prof. Hitchcock, in his reports, several times referred
to the very imperfect development of our mineral wealth, and
to the probability that many mineral veins would lie discovered ;

and, even within a few weeks, Prof. Richards, of the Institute
of Technology, Boston, has discovered valuable deposits of
galena near Newburyport, under geological conditions precisely
similar to those of the rich deposits of lead in Colorado.

It has been long known that in the south centre of the Stale
there arc extensive coal measures; but as the coal is very hard
and of an inferior quality for most purposes, and as the course
of the veins and their faults are not known, they have not been



[Jan.SURVEY OF THE STATE.

worked. This coal is unusually free from sulphur, and is,
therefore, of considerable value in the manufacture of iron.
Deposits of various kinds of iron ore have been found in differ-
ent parts of the State, and it is believed that this survey will
develop our coal-fields and show the character of the various
ores and the extent of the deposits. The manufacture of this
iron will afford a market for the coal.

We believe, from evidence presented, that a geological survey
will develop mineral wealth which will alone repay the entire
cost of the survey. The field-work of a geological survey de-
pends upon and follows the topographical; for, rvhen the geo-
logical formation of one district has been determined, it is
comparatively easy, by the aid of contour lines, to trace these
formations into adjacent localities, as the layers of rock above
and below will generally be found conformable.

Biological Survey.

The sciences of zoology and botany have each made great
advances in the last forty years, and great returns may, there-
fore, be expected from researches in these departments. New
insects injurious to fruits and vegetables have appeared in the
State, and others are sure to follow. The phylloxera was car-
ried from this country into Franco and Switzerland, where it
has destroyed many vineyards, and it is thought it will be neces-
sary to replant them with hardier vines from America, The
Colorado beetle is drawing, year by year, nearer our own State.
In Germany the government have directed inquiries to be made
as to the best means of preventing its appearance, or of stop-
ping its ravages. The canker-worms and squash-bugs periodi-
cally desolate our orchards and farms, and destroy annually
enough to pay the cost of many surveys. In 1871, in Essex
County alone, $lO,OOO worth of onions were destroyed by a
minute insect,—a loss that a slight knowledge might have
prevented.

A knowledge of the habits of insects is necessary to enable
us to guard our fields and orchards against their attacks. Our
biologists have already made many valuable investigations, but
until these arc published and generally known, they can be of
little use.

The agriculturist draws information from the reports of the
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geological and biological surveys as to the soils in different
parts of the State, where beds of lime, marl and peat may be
found, and how they can be most economically worked, what
are the best methods of tillage, and what plants thrive best in
different soils. Such knowledge would give a new impulse to
farming, restoring worn-out land, increasing the fruitfulness of
the productive, and even planting with trees the sand barrens
of Plymouth County, Cape Cod and Nantucket.

Cost op the Survey.

In several States surveys have been commenced and prose-
cuted for one or two years, then abandoned, and afterwards
resumed with great additional expense. This has been either
because the expense was greater than was estimated, or from a
mistaken impression that the necessity of the survey did not
warrant the outlay. It would be unwise in Massachusetts to
undertake a new survey, unless prepared to carry it on to com-
pletion. The scale of the survey being determined, the expense
can be estimated by reference to the Coast Survey and to recent
surveys in other States. In preparing our estimate we have had
the aid of Prof. Peirce, who for many years was at the head of
the Coast Survey, and of Profs. Hunt and Shaler, who have
each had much experience in state surveys, and their opinion
is, therefore, entitled to great weight.

The cost will vary considerably in different parts of the State ;

but it is believed that the average will not exceed $25 a square
mile, if the work is carried on without interruption and on a
uniform plan. The time required will depend on the number of
parties employed. It has been thought desirable, in order to
obtain the best results, that not more than five topographical
parties should be employed at once, consisting of a principal
and deputy surveyor and chain-man. To determine accurate
contour lines for every hundred feet, as proposed, will require
the organization of a distinct levelling party, which will be
sufficient to furnish all the required data to the five topograph-
ical parties. There are in the State about seven thousand eiehto
hundred square miles, of which eight hundred and fifty have
been surveyed by the Coast Survey, leaving nearly seven thou-
sand miles to be surveyed, and, if five parties are employed, it
will require fifteen years,

til
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The total cost for the field-work of the Topographical survey
will be $175,000 00

The Geological survey will require $5,000 a year, . . . 75,000 00
The Biological survey $3,500 a year, 52,500 00
The office expenses $4,000 a year, 60,000 00
Levelling party, $1,500 a year, 22,500 00

$385,000 00

This will require an appropriation of $385,000, payable in
fifteen instalments of $25,666 each. The office expenses will
be for superintendence, a competent draughtsman, repair ot
instruments, preparation of maps, and incidentals. The office
should, if possible, be in the State House, where it can be at all
times accessible to members of the Legislature and the public
generally. There will also be required for an outfit an addi-
tional appropriation of $5,000 for the purchase of instruments,
and the necessary equipment for the different surveying parties
and for the office.

The cost of the former trigonometrical survey, including the
preparation and publication of the map, was upwards of $70,000.
The cost of the entire survey was nearly $lOO,OOO. The as-
sessed valuation of the State in 1831—the year subsequent
to that in which the former survey was commenced—was
$208,360,407.54, and in 1874 it was $1,794,216,110.69. A
similar proportionate expenditure at the present time would
amount to more than $861,000.

It has been suggested that a considerable portion of the topo-
graphical and other surveys might be conducted by the profes-
sors of our colleges and teachers in the higher schools, with the
aid of their pupils, and that in this way the expenes might be
reduced and the survey made a great educational institution.
The Committee do not believe it advisable to adopt this sugges-
tion. The survey of each department should be intrusted to a
single skilled person, who should be made responsible for its
faithful execution. He can call in from professors, teachers
and students, from year to year, such aid as they can render,
and thus successive corps of observers in every department of
natural history may be trained, and these portions made more
thorough and minute than would be possible with the sum pro-
posed for each of these departments.

Although topographical, geological and biological surveys are,
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to a certain extent, independent of each other, yet the whole
work is a unit, and the several surveys can be made under one
management at less expense and much better, than if taken up
at different times under different administrations. The Com-
mittee are of unanimous opinion that it is for the interest of the
Commonwealth that such a survey as we have described should
be made. The Committee have not considered any plan for
carrying on the survey, believing that the Legislature can best
decide that point. They would, however, call attention to the
excellent suggestions of Mr. Scudder in regard to the organiza-

Co C O

tion of a bureau for the purpose.
There is probably no other State where there are so many

scientists as in Massachusetts. The aid of most of these gen-
tlemen will be freely, and, to a considerable extent, gratuitously
given to the survey and in preparation of reports upon their
several departments. Massachusetts owes her position in the
forefront of the United States neither to her size nor to her
population, but primarily to the character and education of her
men and women, and secondarily to the great development of
her industrial resources.

This survey will, we believe, reveal still further her hidden
wealth, develop her external resources, and give new impulse
to all her energies, thus enabling her in the future, as in the
past, to lead the still increasing number of the United States.

GARDINER G. HUBBARD.
A. A. MINER.
PHILLIPS BROOKS.

Boston, December 1, 1874.

At a meeting of the State Board of Education, holdcn
December 2, 1874, this Report was unanimously adopted by
the Board.
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Gardiner G. Hubbard, Esq., Revs. A. A. Miner and Phillips
Brooks, Committee of the State Board of Education.

Gentlemen : —The Committee requested by you to report
what should be the scope of the proposed scientific survey of
the State, and especially what scale should be adopted for a
topographical map; what has already been done toward the
construction of such a map by the United States Coast Survey;
what remains to be done, and the probable cost of its comple-
tion,—respectfully report that they have consulted, as re-
quested, with many scientific gentlemen upon these points, and
beg leave to present the following statements :

First. The United States Coast Survey has already sur-
veyed and plotted 850 square miles of Massachusetts, on a
scale more than large enough for the purposes of the contem-
plated map. This includes the entire seacoast and the islands,
and no further field-work will be required upon the same
ground. The only expense needed would be to copy their
results upon a uniform system and scale. Contour lines have
been traced over this entire area.

The triangulation of the State was completed by the last
(Borden) survey, aud the points accurately determined. Some
of the primary points, however, and most of the secondary,
are probably lost; but, in virtue of general instructions already
given by the government, all that is necessary toward triangu-
lation will be done by the Coast Survey, as rapidly as the
means for its prosecution are granted by Congress.

Second. Less than 7,000 square miles remain to be sur-
veyed, including all the hilly parts of the State.

Third. The Committee recommend a scale of 1; 25,000
(about inches to the mile), for the manuscript map; of

REPORT OF SPECIAL COMMITTEE.
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course, it can be reduced to any desired size for publication.
This is sufficiently large to allow the introduction of every nat-
ural feature of importance and of every building, but it would
be confused by an attempt to represent artificial boundaries; it
will also permit the tracing of contour lines twenty feet apart,
and these could be followed without difficulty. The Committee
recommend, however, that careful measurements be taken only
for contour lines about one hundred feet apart; auxiliary lines
between these can be filled in with sufficient accuracy by a
skilful topographer upon the spot; in this way, the cost of the
survey would be materially decreased, while its value will
scarcely be diminished.

The Committee suggest that it would be well if the survey
were authorized by the State to construct maps on a scale of
1 ; 10,000, or even greater, for such towns as desired it, the
additional expense being met by these towns ; the State would
thus aid the towns just as the general government aids the
State, and the townships would secure superior maps at a mod-
erate cost.

Fourth. The expense, as well as the value of a topographi-
cal map will increase very rapidly with the scale upon which it
is constructed. The Committee have taken this into careful
consideration in expressing their judgment, and while they
would gladly recommend a scale of 1 : 10,000, the ordinary
field-scale of the Coast Survey work (did they not fear that the
expense of its accomplishment would practically defeat an
attempt to undertake it), they do not hesitate to say that a
map upon a smaller scale than 1 : 25,000 would be inadequate
to the requirements of science and public interests at the present
day. They estimate that, by the strictest economy, the field-
work, as here planned, could be done at a cost of $25 per
square mile. This would require maintaining five topograph-
ical parties in the field for fifteen seasons. It is, however, ex-
ceedingly difficult to arrive at an exact estimate on this point,
from the want of any precisely similar work elsewhere. In
addition to this, an annual grant of $3,000 would be essential
for office rent, draughtsmen, repair of instruments, and inci-
dentals, while a special sum, of not less than $5,000, would be
required for outfit.
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Fifth. As regards the remainder of the proposed survey,
the Committee believe that it can be conducted most econom-
ically if a similar length of time is given for its accomplish-
ment ; the larger part of the work could then be done by our
best men, who would be willing to give a portion, but who
could not give the whole of their time. There would be the
additional advantage of enlisting the service of a much larger

O n o
corps, so that each part of the survey could be intrusted to the
one best fitted to undertake it. The greater part of the bio-
logical work would doubtless be done without any direct outlay
by the State, if the authors of the reports were to receive a
specified portion of the receipts from their sale. Conducted in
this manner, not less than $5,000 per annum ought to be ex-
pended upon the department of geology, and $3,500 per annum
on that of zoology and botany. This estimate includes the
preparation of the reports and the work of, the artist,—every-
thing, in fact, but the bare expense of printing the results of
the survey. The sales of the reports will, it is believed, cover
the cost of their manufacture, after a comparatively small initial
outlay.

In conclusion, your Committee urge that the industrial, edu-
cational and scientific interests of the State demand that the
survey be undertaken, ifat all, upon a comprehensive plan, and
be prosecuted uninterruptedly to its consummation.

Respectfully submitted.

BENJAMIN PEIRCE, Chairman.
T. STERRY HUNT.
N. S. SHALER.
SAM. H. SCUDDER, Secretary.

Boston, November 18, 1874.
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Report of the Meeting of November 5, 1874.

[Remarks by Prof. Benjamin Peirce, George B. Emerson, Esq., President
Clark, Dr, T. Sterry Hunt, Prof. E. N. Horsford, Alexander Agassiz, Esq.,
Dr. Asa Gray, Hon. Moses Kimball, Charles Francis Adams, Esq., Samuel
H. Scudder, Esq., A. G. Boyden, Esq., Dr. A. S. Packard, Prof. N, S. Shaler
and H. F. Walling, Esq.]

A meeting of a committee of the Board of Education, con-
sisting of Messrs. Gardiner G. Hubbard, Eev. Dr. A. A.
Miner and Rev. Phillips Brooks, was held at the library of the
State House, on Thursday, November 5, 1874, to consider a
memorial presented by the American Academy of Arts and
Sciences to the last legislature, and by them referred to the
Board, suggesting the expediency and necessity of a new scien-
tific survey of the State. The chairman of the committee, G.
G. Hubbard, Esq., stated the purpose of the meeting as
follows:

Gentlemen ; —During the last winter the American Academy of
Arts and Sciences presented a memorial to the Commonwealth of
Massachusetts, setting forth the fact that forty years had passed since
the last survey of the State was made, and requesting the legislature
to consider the expediency of a new survey. That memorial was
printed, and, by direction of the legislature, was referred to the Board
of Education to consider and report. At the last meeting of the Board,
a committee was appointed to consider the subject and report to the
Board, with the expectation that their report would probably be em-
braced in a special report upon the subject to be made to the legislature.
As I understand the subject, a new survey of the State would combine
the results of the trigonometrical survey heretofore made by this State
by the United States Coast Survey, with a topographical survey. The
topographical survey will give the area of the water basins of the
State, with reference to manufacturing purposes, and to the supply of
the cities and towns with water for drinking,—the contour lines exhib-
iting the lay of the land for common roads and railroads,—and thus



[Jan.SURVEY OF THE STATE.

prepare the way for a new geological survey. Following upon the
geological survey, or accompanying it, would be a new report upon
the vegetable and animal life of the State. Those, I think, are the
general topics which would be embraced in the survey, and are to be
considered by the Board. I am confirmed in my opinion as to the
necessity of a new geological survey by a letter received from Prof.
Hitchcock, of Amherst, son of the distinguished man who made the
last geological survey, and whose work Was very thoroughly and effi-
ciently done. But, since that time, greater progress has been made in
geological science than had been made at an}’ time before ; therefore,
it is his opinion, as well as that of other scientists, and of many prac-
tical men, that a new survey would be of even greater advantage to
the State, in an economical as well as educational point of view, than
the former. As I understand, a meeting of some of the members of
the American Academy ofArts and Sciences was held a few days ago,
at which they considered this question. Prof. Alexander Agassiz was
present at that meeting, and he has handed me a list of the topics to
be considered, and has conferred with me in regard to the order of
their presentation. Prof. Peirce, for so many years at the head of the
Coast Survey, will, I trust, kindly state what has been done by the
Coast Survey, and what yet remains to be done, and also the relation
of the survey to educational purposes.

Prof. Benjamin Peirce.—Mr. Chairman: You have omitted one
of the surveys of the State, the trigonometrical survey made by Mr.
Borden, which was extended over the whole State, and was a perfect
trigonometrical survey. It is especially important, because it in-
cluded a fine determination of secondary points of triangulation,
probably sufficient for the practical purposes of the topographical
survey. The Coast Survey has extended its triangulation so as to
connect with that triangulation, and has added other triangulations,
and also made the secondary points which are necessary for the lines
near the coast. It has also, incidental!}’, in some cases, carried the
survey up some of the rivers,—up the Merrimac, for instance, to Lowell,
and various other surveys, not probably of sufficient importance to be
considered as elements in this case. The topographical survey is the
great element which remains to be completed.

It should, as you say, be made by contour lines throughout the State.
I may here observe, that it would be a sad mistake to commence upon
one scale and suppose you could afterwards change that scale. We
have found in the Coast Survey that it has been necessary to continue
the original plan and scale on the scale upon which it was commenced.
Suppose a single topographical party should cost, to keep it running, six
or eight thousand dollars a year, and you were to decide for any reasons
whatever that you should commence with three sections,—one in the
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middle of the State, one in the east, and one in the west, and there
should be two topographical parties connected with each of these
centres; in that case you would have to make an appropriation of at
least $40,000, and you must continue the same appropriation until the

survey is completed. To diminish it would be a serious misfortune
and waste of means. The work of each party in one season must bo
connected with that of the following season by an arrangement of
certain lines and points. This is an important element, and if the new
survey is undertaken, it must be with this understanding. This
arrangement can be combined with the other principle introduced in
the Coast Survey with reference to the surveys of the States, and
their connection with the science of the State, and with its educa-
tional institutions. I found, after undertaking the superintendence of
the Coast Survey, that there must be a complete geodesy extending
over the United States so as to connect the two coasts ; and the law
now provides that the Coast Survey shall, while executing this
geodesy, determine triangulating points in every State which shall
make appropriations for its own topographical or geological survey.
That law is mandatory upon the superintendent of the Coast Survey,
to determine these points whenever they are required, and so far as
you are deficient in triangulations, you may call upon the Coast
Survey to supply the deficiency, so that you will have to make no
appropriations for that work. The State which first made any arrange-
ment of this kind in connection with the Coast Survey was New
Hampshire. That State made an appropriation for a topographical,
and also, I believe, for a geological survey. The topographical survey
I am familiar with. To perform the secondary triangulation required
of the Coast Survey, 1 appointed as a temporary assistant, Prof.
Quimby, who is a professor at Dartmouth, who has shown himself
capable, and has carried out with great ability' all the triangulating
work done in that State. He also had intrusted to him the appropria-
tion by the State for the topographical survey', and he made his parties,
both the Coast Survey parties and those intended for the topograph-
ical survey, consist of the students of the college. The students, I
believe, constituted the whole party, and that of course relieves the
State of considerable expense in regard to the parties, while it gives
the advantage to the students of Dartmouth College of suitable
instruction during their vacations, the survey being limited in its time
of working to the vacations. By that means, the annual cost of each
party is diminished ; it is not more than $.3,000 a year, for instance,
for each of the Coast Survey parties, and I presume that for either of
the topographical parties the expense would be still less. In this way
the survey is connected immediately, and to mutual advantage and
profit, with the scientists of the State, and with its universitv. If

3
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each of the colleges in our own State were to be assigned a part in the

survey, there would naturally be various centres, so as to give them all
a fair opportunity. If you adopt this plan, the advantage to the
students of learning that class of work, which is the highest in sur-
veying, and in conducting the corresponding mechanical operations,
is very great. I think the young men have regarded it as such. Prof.
Quimby says that the}- have entered into the work eagerly, and I

think he has found it a great success. The advantage which it will
be to the State is so obvious that it is hardly necessary for me to

dwell upon it. But whether that is the best way of conducting
the work, I think you will still find there is a difference of opinion.
You will find those who will regard it as better for the State to conduct
the survey exclusively as a professional matter, and I am not confident
that they arc not right. In the end, the work will perhaps be done
more perfectly. For instance, if you were to call upon the man whom
I regard as the best qualified for the work, who is one of our own
citizens, the finest topographer of the country, and the loading topo-
grapher of the Coast Survey, to whom we are chiefly indebted for the
beautiful Coast Survey work,—if you were to call upon Mr. Whiting
to undertake this survey, he would plan it with singular skill and the
utmost economy, but not being practically familiar with the educa-
tional institutions of the State, he might be embarrassed bj the
presence of students upon his parties.

Mr. Hubbard. How large a portion of the trigonometrical survey
has been already completed?

Prof. Peikce. The whole of the trigonometrical survey was com-
pleted by Mr. Borden. He made a complete trigonometrical survey,
with secondary points throughout the whole State.

Mr. Hubbard. That was sufficiently exact?
Prof. Peirce. Oh, yes, there could not be anything much nicer.

The survey of Mr. Borden has often been tested in the work of the
Coast Survey, and shown to be of high precision. The difference
between Mr."Borden's work and that of the Coast Survey would only
bo a matter of inches, a difference of no serious moment. Mr.
Borden also determined a great many secondary points, and there is
connected with the Coast Survey a gentleman who was associated
with him, and who could easily assist in recovering those points.
I refer to Mr. Boutelle. There was no proper topographical sur-
vey undertaken by Mr. Borden, and it was necessary to fall back
on the surveys of the towns and counties and put them together into

a map as well as possible. The local surveys pieced together very
badly. In most cases, there was no topography, for the old surveyors
merely plotted the horizontal surface without reference to hills or
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contour-lines, so that their maps were deficient in the element most
required in this survey.

Mr. Hubbard. Each town made its own local survey ?

Prof. Peirce. Each town and county. They had town surveys
and county surveys. I suppose all our towns and counties necessarily
have their surveys for the purpose of describing land, and of hying
out town and count}' roads, and those surveys were the ones used at
that time. Of course, such surveys would not be of any use for the
great purposes of legislation. If you had a railroad question under
discussion, they would not assist you in deciding it. But such a survey
as would be made by a competent topographer, such as the one now
proposed, would enable you to lay out a railroad without going into
the field. It would give you the means of determining the direction
from which water should be brought for the supply of cities and towns,
the system of drainage for every place, and all questions of that kind.
Some portions of the State would require a much less minute survey
than others, and that would be a matter in which the experience and
judgment of such a man as Mr. Whiting would be of great value.
Many of the secondary points that were determined by Mr. Borden
were spires, and have disappeared or been removed. It may be that
in the interior of the State they remain, but many of them must be
lost, and thence will arise a peculiar difficulty. But its remedy can be
intrusted to the skill of the topographer, and the Coast Survey can be
called in to supply the deficiency. One party, in fixing the secondary
points, might determine them in one season for four or five topograph-
ical parties, and that without expense to the State.

Mr. G-. B. Emeesox. I knew Mr. Borden very well, and saw him
frequently while he was engaged in this survey. I have only one word
to say in relation to what Prof. Peirce has just said. Mr. Borden told
me himself that for his purposes the town and county surveys were of
no value whatever. They took the town maps and the county maps,,
and put them side by side, and found that they very seldom agreed
so they cut off a little from one, and cut off a little from another, so asto make patchwork throughout the State.

Mi. Hubbard. President Clark, will you give us your views inregard to the educational features of this proposed survey?
President W. S. Clark. I am one of those who believe that the

study of nature in all departments is not only very delightful but veryprofitable, and therefore I deem it of the utmost importance that wcshould have an official record of the natural history of the State, de-
scribing all that may be included under the two terms, geological and
biological; for as I understand them, they mean everything thatrelates
to the rocks, the soils, and the waters of the State, and everything that
relates to the living animals and plants. I feel very greatly interested
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in this matter, as I have been for many 3'ears a teacher of botany and
natural science and know how much we still have to learn, and how
valuable this information would be to the students of the Common-
wealth.

I believe also that vast good could be done, and without great
expense, by making a thorough agricultural survey, such as was very
admirably begun, and partially completed, by the Rev. Henry Colman
in 1837, ’3B, ’39, ’4O. He only reported upon the four counties of
Essex, Middlesex, Franklin, and Berkshire, when the survey was
stopped by the failure of the legislature to appropriate the requisite
funds for its continuance. I wish those reports could be reprinted and
put into the hands of the farmers of the Commonwealth, very few of
whom are aware that such a survey was ever attempted.

In view of the progress that has been made in the last thirty j-ears
in agriculture and science, we ought to have a new survej- of the State
which should give us a thorough knowledge of its soils, and of the
means which exist within its borders for enriching them. Such a

survey ought to so review the present condition of our agriculture, as
to show what improvements are most needed, and how they can be
most economically accomplished.

If we consider for a moment how immensely valuable the slightest
advance in agriculture is, we shall be impressed with the importance
of such knowledge. The value of the agricultural productions of the
United States, for instance, is twenty-five hundred millions of dollars.
One per cent, of that is twenty-five million, and how small a thing will
increase the agricultural products of the country one per cent 1 Even
the destruction of a single species of insect would do it; the intro-
duction of better seed in some of the varieties of grains, root-crops,
or grasses would do it; the adoption of new agricultural implements,
new methods of tillage, or new fertilizers, maj? readily produce even
greater results.

Another very important subject for consideration in such a survey
is the present and prospective supply of water in our ponds and
streams for use as a motive-power, and in furnishing water fur towns
and cities,—as well as for irrigating land and various other useful
purposes. There has been vast improvement in geological science
since the report of Dr. Hitchcock was published, and there certainly is
a great deal to be learned, and a great deal that ought to be put on
record to-day, in regard to the geology of the Commonwealth, both
from a scientific and economical point of view.

It seems to me, also, that the study of botany is on all accounts a
most important one, and that it could be and should be taught in our
schools and colleges, so that all our people should have a knowledge
of and an interest in the living world around us, in the plants and
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trees which grow in the Commonwealth. Dr. Emerson has given ns
an admirable treatise on the trees and shrubs of Massachusetts, and is
now publishing a new edition in a manner which needs no improve-
ment, unless it be too expensive. A similar descriptive catalogue of
the herbaceous plants of Massachusetts, and especiallj' of the crypto-
gamous plants, would be of immense service in promoting the science
of botany. The student of plants in this State at the present time is
obliged to use books containing a vast number of descriptions of
species found elsewhere, and in every excursion meets with many
plants belonging to the lichens, fungi and algae, in regard to which he
can obtain no definite knowledge.

To procure such a descriptive catalogue of the vegetation of
Massachusetts, so far as it has been described, it is only necessary to
defray the cost of publication. The men who can furnish the informa-
tion are ready to do it for no other reward than the advancement of
their favorite science. '

Mr. Hubbard. Dr. Hunt, can you tell me what has been done in
the matter of surveys in other States within the last few years?

Dr. T. Sterkt Hunt. I should be very happy to make some
observations on the subject, and in the first place would remark that
the earlier surveys made in regions of disturbed crystalline rocks, like
New England, were not so much geological as mineralogical and litho-
logical. Upon the maps which were constructed, were laid down the
distribution of the different varieties of rocks described, and the
localities of the economic minerals known were indicated. Few
attempts were, however, made to show the arrangement or structure
of the rocks, and without that it becomes impossible to form an
intelligible conception of the materials which lie below the surface. In
other regions, like parts of New York, Pennsylvania, and many of the
Western States, where the rocks are of a very different kind, and
arranged in regular order in great basins, and where the geology is
much less complicated than in New England, the laws of stratifica-
tion and structure were made out at an early period. It is only
within the last few years that we have learned to apply such knowl-
edge in a systematic way to the older and more disturbed rocks, and
to make geological surveys in such a way as is required to aid the
engineer and the miner in his labors. In most parts of Great
Britain this thing has been accomplished very thoroughly, and to a
large extent in many other European countries. In many of our
Western States, the geological structure is very simple, but of those
TAhere it is disturbed and difficult, 1 would point to the northern
peninsula of Michigan, just surveyed by Brooks and Pumpelly, and
to the first, though incomplete, survey of Pennsylvania under Rogers,
which is now recommenced by Lesley, on a plan which will make it a
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model. Much will also be expected from the survey now in progress,
thoughwith very inadequate means, in New Hampshire. These surveys

are at once topographical and geological, for the two should, if

possible, go on together, unless a thorough topographical survey has

preceded the work of the geologist. In studying the distribution of

the rocks, it is necessary, not only to fix the geographical distribution,

but the elevation of the various outcrops, for without this, one finds

himself entirely at fault when later he attempts to work up his

field-notes, to put together his observations, and to construct there-
from the geology of the State. What we want, in a proper geological

map, is to fix and determine the outcrop and boundaries of every
formation of rock, their geographical position, and the altitude of

every exposure on each hill -and road-side, and in every well, boring
or cutting, together with their dip and strike, so that we may be
enabled to construct the solid geometry of the State. Our ordinary
topographical maps give us the surface of the land, and on tins we

may mark the rocks ; but what we want in addition, is to know the way

in which the rocks beneath the surface underlie each other, in order
that we may know the underground structure of the region, to be able

to tell not only what materials, rock or clay, are at the surface, but

what we shall meet in boring or tunnelling. This, a thorough knowl-

edge of the geological structure will teach us. To give one example :

I have lately, for the State authorities, examined the Hoosac Tunnel.

That region was examined many years ago, and mica-slate rocks were

found at the eastern portal, and at the western portal, where at an

early period, excavations were carried on to a distance ol several
thousands of feet, while near the middle of the mountain, a shaft was

sunk to the depth of several hundred feet. I’rof. Hitchcock, with the
facts which he had before him, came to the conclusion that the
structure of the mountain was such that there would be mica-slate the
whole way through it. But when the great work came to be carried

through, it was found that the core of the mountain was made up of a

hard rock, almost like the hardest granite, and extremely difficult to

cut. Now while engaged in my work, 1 had the pleasure of meeting
mv friend, Prof. Shaler, on that mountain, where he was engaged in

doing some geological work for the Coast Survey, and from his obser-
vations, it is quite clear that if careful cross-sections had been run

across that mountain, to the north and the south of the line of the
tunnel, the existence of just such a mass of granitic rock at the core as

has now been discovered, would have been made known. And more

than that, it would have enabled ns, probably, by going a few miles
farther northward, to choose a line in which we should not have
encountered the hard rock which it has been found necessary to

traverse. Thus would have been avoided many of the engineering
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difficulties with which it has been necessary to contend, and others
with which we shall still have to contend, owing to the peculiar nature
of this hard rock through which the work has been carried.

I have said that what is needed is, if possible, a geological survey
in connection with a topographical one, and, if not trespassing too
long upon your time, I will endeavor, in a very few words, to tell you
how such a survey is now being carried out in Pennsylvania under
Prof. Lesley, who was an assistant on that first survey of the State,
more than thirty years since, which did so much for American geology.
His plan is this : to run over the surface certain base lines, by the aid

of a transit and spirit-level; these lines being generally two or three
miles apart, and along the highways and railroads. Then to run
contour lines between these, at elevations of ten feet, or in some cases
of twenty feet. All this work is plotted down upon a map, on a scale
of four hundred feet to the inch, then reduced by hand to a scale of
sixteen hundred feet to the inch, and from this by photography, a stil
father reduction is effected, giving a map which, by the contour lines,
shows the heights and levels of every part. With this work is
carried on that of the geologist, who fixes the outcrop of every rock,
the direction of every stratum, and the line of every fault or undula-
tion in the beds, all of which can be put down in their precise places
on the topographical map obtained, so that the two works go on

together. His plan is to attach a geological observer to each topo-
graphical party, and the results of all their work will at length be
collated and compared by the director of the survey. A similar plan
has been pursued, whereverpractical, in Northern Michigan. It is only
in some such way of working that we shall get a map which will show
us the geological structure of a region, and will enable us to give not
only a correct delineation of the geological surface of any and every
town Or county in the Commonwealth, but to show where the rocks dip
down and where they come up again, to construct sections of the rocks,
so that for the engineer who has to make a tunnel or a deep cutting,
or for the miner wr ho has to sink a shaft or run an adit, the way under-
ground may be rendered as plain and as certain as it is at the surface.

Another very important point which comes up here, is that great
progress has been made in geological knowledge since the early survey
of Massachusetts was made, particularly with regard to the crystalline
rocks wdiich make up the greater part of this State. They were then
studied in an isolated way, precisely as were those of the adjacent
States, and no successful attempt had been made to group or classify
them, so as to compare them with those of other regions. Since that
period, the crystalline rocks of the adjacent regions have been studied,
and we know that they belong to at least three or four great groups,
each of which has its mineralogical and its lithological peculiarities,
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■which have been studied in other parts of New England and in the
Dominion of Canada, as well as southward along the greatAppalachian
chain, and westward around the upper, great lakes. The economic
wealth of these various groups of rocks, or, in other words, the
minerals which we may expect to find in each of them, is now well
known. Coming to onr own territory, I am able to say that we have
in some districts of the western part of the State, rocks like those of
the Adirondacks and the highlands of the Hudson and of New Jersey,
in which, among other things, we may hope to find deposits of
magnetic iron-ore and of plumbago. We have also another great
formation, which in other States abounds in ores of copper, chrome,
and of nickel, and which, in our own borders, had afforded emery,
but of which the economic mineralogy has in Massachusetts been but
very little studied. These, and many similar considerations, make a

re-survey of the State extremely important, not only for the purpose
of determining the structure of it's rocky framework, but to enable
us to apply to our own territory, the mineralogical and lithological
knowledge, which within the last few years has been accumulating
from many other regions throughout the territory of the United States
and Canada.

There is still another point: lam going beyond the limits of the
question asked me, but I cannot forbear to speak of the importance of
a re-examination of our anthracite formation. I have just returned
from a visit to the anthracite regions of Eastern Pennsylvania, where
I spent a few days in searching its wonderful mineral wealth, and I
have been led to think upon the importance of a more careful study of
the south-eastern part of our State, where anthracite has long been
known to exist. The examination of these coal-bearing rocks should
be made with the aid of the diamond-drill, a precious instrument which
has lately been placed in the hand of the exploring geologist and the
miner. It it is not too much to hope that such an investigation might
result in discoveries of fossil fuel, which would make us independent
of the anthracite fields ofPennsylvania.

There is a further economic aspect of the proposed survey which
should be mentioned hero, and that is, a careful examination of the
various materials which would be collected in such a geological sur-

vey. Of our different iron ores wo know but little, either as to the
extent of the deposits or their fitness for various purposes ; some are
probably adapted for the manufacture of steel, and others for foundry
iron ; but the study of our possible iron resources, which are known to
be considerable, has been almost wholly neglected, and demands the
attention of the chemist. Experiments should be carefully made with
our building materials, granites, sandstones, limestones and marbles,
to determine their strength, their porosity and their adaptability alike
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to plain and decorative architecture. A careful series of investigations
of this kind should be carried on in the laboratory, in connection with
a geological survey. There should, moreover, be gathered together,
with the view of placing in some public depository in the State, a

thorough collection of all the rocks and minerals, and of those materi-
als which are capable of any economic uses. These should be shown,
not only in their rough state, but in the various stages of manufacture ;

the different stones cut, dressed and polished ,* sand for glass, claj-s,
and all materials of the kind, so as to make eventually a museum of
practical geology, such a one as was begun by Sir Henry de la Beche,
and continued b}- Murchison and Eainsej’, in London, in connection
with the geological survey of the kingdom ; or like that now accumulat-
ing in Albany, in the state museum, under the direction of Prof. Hall;
or like the museum of the geological survey of Canada,, at Montreal;
a centre to which every one could come to find the mineral wealth of
the State arranged, set forth and explained. Such a collection, illus-
trated by catalogues, sections, maps and plans, would prove a power-
ful instrument for scientific education.

Mr. Hubbard. Do you think there are sufficient indications of
various materials to be found in the State to warrant this survey sim-
ply from economical considerations ?

Dr. Hunt. I should say so, unhesitating!}'. I think that the
question of coal alone is sufficient to encourage an investigation of the
kind. We are, moreover, just beginning to learn the facts with regard
to our iron ores.

Mr. Hubbard. Is there reason to think that there is considerable
iron ore in the State as yet undiscovered ?

Dr. Hunt. Yes, sir ; and I made the last remark for the reason that
late observations which I have made in Berkshire County show a fact
which have been overlooked, that there are iron ores in the decomposed
crystalline rocks of that region, and that I have very lately discovered
that some of the great beds of hematite ore in Pennsylvania have a
similarposition. I brought out this fact at the meeting of the National
Academy, at Philadelphia, two days ago, and was then informed by
Prof. W. B. Rogers, that he had long since noticed similar facts in
Virginia, while Prof. Hall had lately found in the decayed rocks at the
base of the Hoosac Tunnel, a bed of hematite ore like that found at
Kent and Salisbury, in Connecticut. It is plain that the place to look
for these ore beds is in the soft, decomposed crystalline rocks, like
those found at the western base of Hoosac Mountain, which from the
nature of things are in the hollows and lower levels, and the factsobserved in this connection farther south encourage us to look for
important deposits along our western borders. I would also, in answerto the last question, refer to what I said before of the presence in the

4
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State of rocks which have been referred to the Adirondack or Lauren-
tian scries, and which in New York and in Canada aie xich in mag-
netic iron ores; and also to the fact that in the Huronian rocks of
Chester, in this State, at the well known emery mine, iron ore is more
abundant than emery, and that, too, of a precious kind which lias been
found fit for the manufacture of fine steel. I was consulted a little
more than a year since by a gentleman who was proposing in this
locality to organize steel-works, and I believe that but for the
financial troubles of the time, extensive operations would have been

begun there. Observations have shown me that the rocks of this kind
often carry in other States iron ores of great value. In connection
with the iron ores of Berkshire, I may remark that we may expect to

find there beds of porcelain clay, like those found in \ ermont, and
further southward in Pennsylvania, where I have observed a great
resemblance in geological conditions to our western region.

I conceive that from a merely economic point of view, the survey
proposed is one that should be made, and that the determination of
facts such as I have mentioned with regard to our mineral deposits is
one that may very properly be made by this State, in the waj it has
been done, and is now doing, in so many other States of the Union.
Vermont. New Hampshire, Michigan, Missouri, Indiana and Ohio,

have lately been busy in searching out and making known their min-
eral resources to the world, while Massachusetts has been entirely
neglectful of the important work of investigating and publishing her

economic geology and mineralogy. Pew States to-day know less of

their mineral wealth than Massachusetts.
President Clark. Hearing Hr. Hunt speak of minerals, T am

reminded of one which I found in two different places in the western

part of the State. I should like to ask him whether he deems it
within the range of possibilities that we may have in that region tin-
stone, or tin ore, in workable quantity. He is aware that more or less
tin ore has been found in Goshen and in Chesterfield.

Hr. Huxt. I have looked a good deal at the question of the tin-
bearing rocks of the Appalachians. Over a large part of the State
west of the red sandstone basin, and over a considerable area to the
east of it, arc found the mica-slates and gneisses of what are called
the White Mountain group. It is in these rocks that tin has been
found in small quantities, in this State, and elsewhere in New Hamp-
shire and Maine. In the latter States, there are two or three localities
which I have examined where I think the indications arc that with well-
directed skill, workable tin mines might be opened, and it is by no
means improbable that such may be met with in some parts of the wide
area occupied by these rocks in Massachusetts. Upon these subjects
wo have, however, had of late but little intelligent observation in the
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State, where our native mineralogy has been neglected for a whole
generation. It is, however, a subject which ought not to be overlooked
in a geological survey.

Mr. Hubbard. Prof. Horaford, can you give us some light in regard
to the necessity of a new hydrographical survey?

Prof. E. N. llorsford. I have put together, in order to make it as
brief as I could, two or three ideas that have occurred to me, in the

event of there being undertaken a comprehensive scientific survey of
the State. I have been somewhat anticipated by my friend, Col. Clark,
whose mind seems to have run in the same direction with my own.

In a comprehensive scientific survey of the State, there would be
embraced its hydrography, as well as its topography, geology and
general natural history ; and under the head of hydrography might be
included, —

First. The water-power of the Commonwealth : This involves the

determination of the areas of the several natural basins, with the

areas of the included lakes and ponds, the average rain-falls through-
out the year in each basin, the maximum evaporation, and the

minimum of residual water that may be utilized at mill sites ; the
proper points for concentrating the fall, and the available power at
each point; the loss of surplus water during freshets ; the sites and
areas for reservoirs, and the sites and conditions for the safe
construction of dams.

Second. The sources of water for the supply of towns for domestic
use : This involves the determination of the residual living water-
after all losses from evaporation, for manufacturing or milling
purposes, or otherwise, accessible to the cities and the towns that
have now, or that promise, a population sufficiently' large to justify
public provision for the supply of water for domestic use. It should
include the determination of the qualities of the water in each case,
and the agencies that tend in each particular locality- to deteriorate on
the one hand, and on the other to purify- the water. It should
determine what existing manufactures, draining into the sources
of supply-, may- be safely- extended, and what should, from the outset,
be absolutely- prohibited. It would also properly include the exami-
nation of sites and areas for suitable reservoirs for storage against
periods of drouth.

Third. The supplies of water which might be diverted from present
beds, where they- are comparatively- useless, to commercial centres at tide-
water, where they may- be made to fulfil the wants of manufactures, such
as furnishing water for steam purposes, for cleansing, and all the various
w-ants except that dependent upon fall. Such an end would look to
saving in transportation of coal, raw material and food, from the sea-
board to the interior, and in the return of manufactured product to
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tide-water; and generally, to the promotion of that class of advan-
tages that attends upon concentration of manufactures.

Fourth. The sewage of towns: This would contemplate the
determination of what plans are safe and commendable in the different
populous centres, to be made at an early period, as a measure of
economy for the towns and their manufacturing interests; what
special and practical course must be pursued in each separate set of cir-
cumstances and conditions, involving the questions of health, of rela-
tion to the supply of water for domestic and manufacturing uses, and
the utilization of the solid and liquid matters. It includes the modes
of relief where sewage is blocking harbors or contaminating streams.

The question of drainage, as applied to agricultural lands, and the
areas where underdraining may be profitably applied, would ally
itself with the subject of sewage.

Fifth. The survey would determine the regions which would
be profited by systematic irrigation; that is, the areas where the
suffering from drouth would justify the necessary expenditures on the
part of proprietors for irrigation; and with this subject would
naturally connect Itself that of the reestablishment of shrubberj' and
forests on hills which once restrained freshets, but in later times have
been laid bare, by which the eviis of drouth have been greatly
intensified.

Sixth. An examination of the sivamjis of the Commonwealth
would determine their localities, areas, altitudes, facilities for drainage,
whether underlaid by peat, and to what depth, and of what value for
fuel; also the practicability of converting the areas into arable lands,
the desirability of appropriating their spaces for use as reservoirs to
serve in time of drouth for storage, or for other purposes, as for
manufactures or domestic supply, or for fish culture.

Seventh. The salt marshes: The examination of the sea-coast and
its indentations would determine the extent and value of the salt
marshes that might be reclaimed and made to add to the resources
of the agriculture of the Commonwealth. Large areas have been
reclaimed, and are now being reclaimed, along the coast line of New
Jersey, with profit to individuals and the State.

Eighth. Tlie fish culture, now in the hands of a state commis-
sion, might receive efficient cooperation in carrying out plans for
practical improvement, especially in connection with the flooding of
lands and the creation of ponds or reservoirs over lands now compar-
atively waste, as in swamps.

I visited last summer, in Bohemia, that portion of the estate of
Prince Schwarzenberg which is appropriated to the culture of fish. He
has made provisions there (and .they have been in existence, more or
less as they are now, for several centuries) for flooding large areas,
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and then drawing clown the waters, or accumulating them as occasion
required, and as the growth of the fish made it desirable; which areas

were comparatively useless, I conceive, at the time of these prcpar-
rations. Those lakes or ponds, when the}' are full, are held by dikes
twenty-five or thirty feet high, on which I saw trees three feet in
diameter now growing. I learned that the annual income from fish
sold as fresh fish from those ponds, is two hundred and fifty thousand
Austrian florins. (An Austrian florin is exactly equivalent to our half-
dollar.) That is done on a single estate in this region, in the neigh-
borhood of Wittengau, in Bohemia. This is the income derived from
land which was practically worthless, brought about solely by intelli-
gent study of the question of fish culture.

Eev. Dr. Mixer. I would ask if you mean net income or total
receipt ?

Prof. Horsford. These are figures which I took from a pamphlet
which was open to everybody at the time of this visit. I dare say
that means average receipt, but the expenses are not large. The
management of the fish culture has been in the hands of a single
family for all this time, and that family, I believe, is not very numer-
ous. They have only to hoist the gates to let the water off, or close
them and allow it to accumulate, catch the fish in nets, and take
them to market.

Mr. Emerson. I would ask Prof. Horsford whether he has consid-
ered the question, which is one of vast importance, how to make the
sewage of cities and towns profitable by restoring the elements of
fertility contained in it to the soil? The progress of what we call
humanity, Mr. Chairman, has depopulated, it has rendered barren,
turned into deserts, all the regions round about the great cities of
antiquity. Partly, I believe, it is from the loss of the forests, and
partly, I am not sure but very largely, from the loss of all the sub-
stance that is taken from the earth and allowed to perish, to go into the
streams and into the sea. We ought to profit by this sad experience
of the ancient cities. At this moment, the people ofBoston arc allow-
ing their bay to be so poisoned. It seems to me to be possible to
utilize all these materials which are now wasted, and I hope Prof.
Horsford has considered that matter. One of the objects of the sur-
vey will be to study the rivers, and show the dwellers on their banks
how to keep them pure and wholesome.

Prof. Horsford. I may say in reply, in a single word, that I have
devoted a good deal of thought to that question. It is a very easything to sec how just the inference of Dr. Emerson is, that the plains
of Ass} ria and Northern Africa, and certain regions nearer homo,have been rendered waste by throwing into the sea all the mineral
substances upon which the growth of crops depend. The amount of
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it, for any given city, like Boston, for example, where almost all that
is brought in in the way of supplies of food for men and animals runs
into the sea, is something enormous. For the city of New York, I
have calculated it; that is, I have calculated the amount of food
required annually to sustain the population of such a city as New
York, and the area of land required to produce that amount of food,
and assuming that the land is not to be refreshed by fertilizers from
year to year, it is not difficult to calculate how many square miles of
land on the average are annually rendered desolate by our present
system of wasting the sewage ; but it is a veiy difficult question
indeed to determine how the sewage can be utilized. We cannot do
as the3* are doing in some parts of England,—-save our liquid sewage
by allowing it to run over the land, if wo had suitable land in the
neighborhood of Boston which could be used for this purpose, simply-
because the ground freezes in winter, and the sewage would run off.
I consider the question one of the very highest importance.

Mr. Hubbard. Prof. Agassiz, will you give us your views on the
advantages of a topographical survey?

Prof. Alexander Agassiz. Prof. Peirce has incidentally mentioned
one of the points which I think will appeal to a great many members
of the community ; that is, the survey will make them independent of
the towns and counties, so far as their surveys are concerned. There
is hardly a point affecting the welfare of any township or count3r

in the State which would not he benefited in some way by- having a
topographical map to which the more intelligent part of the commu-
nity could refer, as presenting the facts and statistics which are neces-
sary in order to guide any rational action. Scarcely ever is a public
building erected which is not located by a few men of the town or
city, who have some special interest in having it placed at one point
rather than at another. The way’ it is done, I suppose, is familiar to
every gentleman here. A few persons, each of whom has some particu-
lar interest, act together, and nobody outside knows of what is going
on until it is done; and if the building has been badly or indifferently
located, the community suffers. Now, if a matter of this sort is brought
before the public, possessed of a suitable map, it would then be possible
to have judicious action, and to have such buildings in the best location
for the public ; but as matters now stand, it is impossible for any one
to obtain an intelligent idea of what is best, simply because the facts
are not at hand ; whoever is interested must take the views of some
particular person, either for or against the proposed plan, and, of
course, the party who is the most zealous generally carries the day.
The same thing takes place in regard to the location of roads. Each
town lays out its road entirely independently of its neighbors. It goes
to work as if towns were isolated islands, having nothing to do with
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the rest of the world, and the road is laid out to suit the convenience
of the farmers along the line, not because it is the most convenient
method of getting between two points; the chances are ten to
one that it will be laid out over the top of a bill, when it might just
as well have been laid out around its base, and every farmer thence-
forward must take his produce up hill, and then let it down on the
other side, when ho might have gone around the bill, and saved the
wear and tear of his horses and -wagon.

At the present moment, it is proposed to have a park in the city of
Boston. If there were a proper topographical map of this city, w-e
might expect that the intelligent portion of the community would
form some idea of what can be done; but I have no doubt that,
although the committee who have taken this matter in hand is a
most intelligent one, and will work hard, and get all the information
it can, yet it cannot help being drawn to this or that plan, simply
by the greater influence which the advocates of that particular plan
will bring to bear, and the result will be, a plan that will suit one
party, but not the whole community.

Now the townships and counties are obliged to keep surveyors,
in order to do their routine work, to lay out their roads ; and I
think if the statistics could be calculated of the cost of maintaining
township and county- surveyors, we should find that the money actually
spent under the present plan, if judiciously expended under the
direction of a central power, would go far towards making a topo-
graphical survey of the State, and providing a map which would be of
some use, and would enable the citizens of the State to find in it a
record of all the statistics that it is advisable for them to have in
their daily business; and, as Prof. Hunt has pointed out, it would be
of great service in other directions, which I will not enter upon.

There are many topographical problems of great interest to the State,
which could onlyT be solved by a good topographical map, and which
would bring the great interests of the public within the scope of a much
larger mass of people. It would at the same time keep permanently
together all the statistics which have been collected, and which arc
now simply allowed to pass out of existence. When a town
makes a survey, it is plotted for the purpose of the moment,
and after that is accomplished, it is lost, and the next time any
public improvement is to be made, the survey must be done
over again. There is no record kept. There is no central office to
which we can go to find out what has actually been done. With a
topographical map once made, and deposited in a central office, it
would be possible, after preparing the original plates, to obtain all the
information necessary, little by little, and the alterations may be made
in the plates at very small expense; while now we are duplicating
every thing, instead of keeping a record of it. When we get a topo-
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graphical map, we shall have a permanent museum of all the statis-
tics which can he collected for the State, and that is a point upon
which large sums are annually spent to no permanent purpose what-
ever. This expense would be saved, and such a map would certainly
be interesting to a large number of people, and enable them to form a
proper judgment of public improvements, while at the same time it
would have a tendency to check expenses often perfectly worthless.

Mr. Hubbard. Dr. Gray, can you give us your opinion in regard to
the necessity and advantage of the survey from a biological point of
view?

Dr. Asa Gray. I think, considering that those subjects have been
so well touched upon from several sides, and considering the great
value of the time of this session, it would hardly be worth while for me
to enter into any line of remark upon that subject.

Mr. Hubbard. AVe have heard scarcely anything upon this
particular department, and I know the gentlemen present would be
exceedingly interested to hear all you have to say.

Dr. Gray. As this branch of the subject has been well touched
upon by President Clark, and incidentally by other gentlemen, I
think the better way would be for me to answer any specific questions
that may be put to meet points on which the committee may desire
such information as they may suppose I may be able to give, and
otherwise to leave this subject, at least, for the present, without going
into a detailed account of how important a biological survey of the
State would be. Its importance, of course, is ver}- great, and the
temptation is great to expatiate upon it, but in one respect it is very
obvious, so obvious that 1 do not think it would be worth while
to take the time of the committee to go over it; and in regard to the
details as to how, and in what manner, it should be conducted, it
seems to me the time has hardly come for that.

Rev. Dr. Miner. I should like to ask Prof. Gray if he has any
question whatever of the expediency of the requisite outlay for such a

publication as has been implied in the various remarks, respecting
illustrations of the biology of the State.

Dr. Gray. I will answer that question directly and very decidedly.
I have not. I thought of that a good deal when the subject was first
broached and brought to the notice of the American Academy; and
although I am not disposed at all to encourage the State in the
expenditure of large sums of money for complete illustrations of our
natural histon -

, although I think that some of the earlier attempts at
geological surveys were open to reasonable and serious objection, by
the way in which, for instance, specialists took that opportunity (for
opportunities were rare in those times) to illustrate very full}-

, great
numbers of obscure or difficult species, scientifically important, no
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doubt, but not generally important enough to be worth spending so
much money for; the more so, as it was perfectly impossible to go
over the whole ground upon any such scale. I think that this
survey can be carried on in such a way, that not only can descriptive
lists be made, and all the natural productions of the State, animals
and plants, be put into good scientific order, so as to be available
practically for the educational purposes that have been referred to,
and so as to be equally available for scientific purposes, and done in a
manner which will thoroughly commend itselfto the scientific public, in
a manner to be permanent!}- useful, but that it may also be done, if we
do not hurryourselves about it, at a very moderate expense, upon a plan
judiciously arranged and carried out. lam very decided in the opinion
that it has become expedient that the State should undertake this.

Allusion has been already made to the fact that one of the reports
of the old survey, and one of the best of them, which has been long out
of print, has been taken up by its author, who fortunately survives,
who has prepared a new edition in anticipation of this very thing,
seeing how important it was ; and we shall soon have an opportunity
of seeing how w- ell it is adapted to our purposes. Now, I look upon
that forthcoming volume (on the Trees of Massachusetts), not onl}-

as so much done at our hand, but as a model specimen of what we can
do, and ought to do. It cannot have cost very much, since it has been
undertaken and carried through at the personal expense of the gentle-
man referred to. Indeed, if this survey is undertaken, it will be worth
considering whether that work cannot be adapted to, and made part of,
the results of this survey. At any rate, I refer to it as being an
important part of our very work done already to our hands. The
herbaceous plants, it has been said, will need still to be done in the
same w -ay. They will require to be done in the same way, but, con-
sidering their much greater number, and the smaller importance of
very many of them, I should think that only a selected portion should
be figured. In such illustrations a great deal of money can be con-
sumed to comparatively little practical purpose ; but it is a thing
which, if judiciously done upon a good plan, and the expense dis-
tributed, as it must naturally be, over a considerable number of years,
need not be anything which the Commonwealth, or the gentlemen
representing the educational interests of the Commonwealth, need bn at
all fearful to undertake. Therefore, in answer to the question that is
put to me specifically, I should say, that it is extremely desirable
and thoroughly expedient, that a survey covering the ground referred
to should be made.

Mr. Hubbard. Mr. Emerson, will you give us your views upon the
same subject, and especially in regard to that department with which
you are so well acquainted ?

5
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Mr. G. B. Emerson. I went, a little more than two years ago, to
Europe, for the purpose of seeing what is done to restore the lost
forests, to prevent the vast injury that has always occurred where the
forests on the mountains or the sides of mountains have been removed,
and I saw a vast deal. I saw one thing which I should be very glad
to see here. In every country in Europe, except Great Britain, there
are forest schools, where young men, under the charge of the most
capable teachers, are instructed in everything that relates to the man-
agement of a forest. They get acquainted with every plant of
importance, learn how it ought to be managed from the beginning,
how the seed should be gathered, how it should be planted, at what
time, how it should be rooted, how it should be transplanted, and how
it should be set down in its proper place in the proper way, and what
course is to be taken where a whole hillside is to be restored. In
many cases, in consequence of the loss of the forest, whole mountain-
sides, thousands of acres, have been swept away. What should be
done, is the great question now being discussed in France and in
Germany, and elsewhere, but especially there. What shall be done
for the restoration of these forests? Nothing can be more important.
One gentlemen has already referred to the cutting down of trees
as affecting the growth of plants. We want to know whereabouts in
every part of the State the forests have been removed to the great
disadvantage of the whole surface, and what course ought to be taken
to restore them. The survey would ascertain all this. One of the
most interesting things that I saw abroad was what has been done in
the south-western part of France, upon hundreds of thousands of acres
of land, precisely in the condition of almost the whole of Cape Cod,
and the whole of Nantucket. There, sir, a hundred years ago, or a
little less than a hundred years ago, a single individual of great intelli-
gence found out that he could plant those moving sands near the beach
with pines, and plant them in such a way that the plantation should
be continued inward and inward, year after year. After becoming
thoroughly satisfied that it might be done, and how it might be done, he
presented a memorial to the government of France, and after due con-
sideration, they gave him authority to act. The consequences are, that a

region of country, one hundred miles, at least, along the coast, on the
best part of the south-west of France, and from four to eighteen or
twenty miles inward toward the land, which was, when he began, given
un to sand-hills, sometimes three hundred feet high and of no value,
has been restored. Not only was this tract of no value, but the sand
was continually encroaching upon the land. He was set to think-
ing about this, from the fact that the .little town in which he was
living had been twice, in the memory of persons living, obliged to
move further inland, because the sands washed up by the Atlantic
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ocean covered everything, and he determined to see whether he could
not prevent its being moved once more, and he succeeded. Now, I
say there is that length of territory, one hundred miles at least, and
counting the windings of the bays, a great deal more than that, and
from four to eighteen miles from the sea-coast inwards, which has been
restored. It is covered now with great forests of pine. I spent
several days in a beautiful city, Arcachon, built up in the very centre
of this forest, where, two winters ago, one hundred thousand persons
from Paris, and the other great cities of France, had gone to spend
their winter, because the climate was delicious, and they believed that
the resinous influence of the pines was most beneficial to health. A
beautiful city has been built there, and a part of that city is on one of
the very highest hills that had been piled up in thousands of years by
the sands from the Atlantic ocean—a hill three hundred feet high. A
particular tree, the Pinus maritima, a tree well suited to their climate,
was made use of, and the whole country was covered with pines. Now
there are all the other forest-trees under the shadow of these pines.
The discovery has been made, which would be of vast importance in
our State, that this sea sand, which looks and acts as if it were the
very essence of barrenness, is admirable soil for many trees. Pines
grow there better than on any other land, and under the shadow of
those pines many of the other great trees are growing very beauti-
fully. Now, we have in every part of the State, hills which have been
denuded, and the consequence of it is that the country round about is
rendered more uncomfortable, more unhealthy, and more unfit for the
uses of agriculture. A survey ought to be made which shall give an
account of these, and point out to the people what ought to be done,
what trees might be successfully planted, and what might be done in
their neighborhood, The whole of Cape Cod, the whole of Nantucket,
might be planted with pines, and, after the pines had grown, with all
the trees that belong to this climate, with unmeasured advantage, an
advantage to that region which would be vastly greater than the whole
expense of this survey can be.

Prof. Peirce. The point to which Mr. Emerson has just alluded,
brings up another one upon which that has a bearing. The Coast
Surve3r has found that there is no part of our coast more dangerous
to navigation than this very coast of Cape Cod. The variable sand
causes the danger. If Cape Cod can be held together, and if the sands
thrown up by the ocean can be stopped there, and there remain, the
consequence will be a constantly improving navigation upon this part of
the coast, upon which there are annually risked millions and millions
of our commerce, but where the variations are now so great that it is
difficult for the map, or for the Coast Survey observations, to keep up
with the changes. If that can be done, we shall then save ourselves from
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a danger which now threatens us. If, on the contrary, it happen (and
Ido not see why it may not), that by means of these shifting dunes near

Provincetown, the coast should change so as to let the sea through there,
then Cape Cod would become to us a Cape Hatteras. Then it would
happen that the great commerce of Boston would be exposed in a way
worse than any place in the world, and that harbor of refuge which
we now have on the Cape, instead of being a valuable one, instead of
being a haven to be sought, would be a line of shoals that we should
avoid. Nantucket is situated in a similar way. It is of great impor-
tance that Nantucket should be preserved. The sands of that island
are causing some of the changes in that region. But I may say that

when I have been on Nantucket and seen the pine-trees planted there,
and what miserable puny things they are, I feel doubts about this
matter. I think it probable that the work has not been skilfully done.
If it can be done successfully, it will be of infinite value.

Mr. Emerson. Ido not believe that the pitch-pine, which is the one

that they have tried down there, is a hardy plant. I have been making
experiments myself with the cultivation of different pines, and I con-
fess I was surprised—I had had some doubts, but I was surprised—to
find the pitch-pine the least hardy of all pines. I find it more difficult
to make it grow well. lam using a point exposed to all the stouns
of ocean. I selected it expressly for the purpose of making experi-
ments, to see what plants could be used in different wa\ s, and I find
that one of the English pines—the great European pine, Finns sylves-

tris, what the English strangely call Scotch fir—grows incomparably
better on my poor land, exposed in this way, than any other pine. I

have a little forest of thirty or forty trees of this sort, the seeds of
which I sowed a few years ago, which is perfectly successful. My
pitch-pines look as if they were dying. I had thirty or forty of them,
and they have been dying year after year, until they are almost all gone,
and those that remain, look as if they were dying. The white pine is
a little better than the pitch-pine, a little hardier, though it looks so
delicate ; but the European pine, the common pine of Europe, is per-
fectly hardy there, and so, I think very likely, would be the pine which
is used on the coast ofFrance, though lam not sure. A friend of mine
has been trying that down on the southern coast of Massachusetts,
and he says it is not so hardy as he supposed it would be.

Mr. Hubbard. Mr. Kimball, I understand that you felt considerable
interest in this subject when it was before your committee last winter.
Will you give us a word as to how it strikes you ?

Hon. Moses Kimball. The interest that I took in the matter when

it was brought forward, was upon general principles. With regard to
the general objects sought to be attained, I am in most hearty accord
with you. I believe the dignity of the State demands such a survey
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as is sought for, and when poor Switzerland and poor Norway have
done it, Massachusetts ought not to standback. I believe it wouldbe
of great benefit to science, and that the pecuniary advantages to the
whole people would be almost incalculable from such surveys as are
asked for. I mean, confining it to a topographical and geological
survey, and perhaps a botanical survey. Yet if anything is to be clone,
and the legislature is to be asked to contribute from the treasury of
the State towards carrying out this great object, it seems to me it would
be necessarj’ to confine it to some of the few principal points, and not
begin too largely at once. I have heard the discussion of the very
eminent scientific gentlemen here very much to my gratification ; but
when- we start upon the wants of the community, the subject grows so
large, and we find so many things to be clone, that we almost lose
sight of the principal object for which we started. I think this
memorial asks for a topographical, geological, and botanical survey,
but each of the gentlemen conversant with what needs to be clone, has
branched off upon what he deems to be necessary. One gentleman
has talked about utilizing the sbwage of cities, undoubtedly a most
important matter. Then, sir, we have had fish-culture referred to,—
a matter which we are all ready to admit is extremely important,—and
the restoration of forests. My idea would be, sir, confine yourselves
to a few important things ; confine yourselves in your report, if so be
you come to that conclusion, to saying that you believe that the prayer
of the memorialists should be granted, and in j'our recommendation to
the legislature, confine it, if you please, to a topographical and
geological survey, and perhaps a botanical survey, of the State;
then, as the people become educated in these matters, the idea of fish-
culture, the reclaiming of marshes, and the restoring of forests, will
take hold of their minds, personal interest will come in, and we shall
find those looked after. But confine yourselves to educating the
people up to a higher standard by giving them such a survey, and
it seems to me you will do them a great benefit.

I have been particularly interested in listening to the remarks of
Prof. Hunt, because I have known a good many practical meny.
railroad contractors and others, who, from their crude ideas and
natural habits of observation, have got the idea that there is iron ore
in the stone in which they have worked. They get some little
evidence of iron, but they have no means of knowing practically and
scientifically whether there is iron in the region or not. Now, Prof.
Hunt tells us what are the evidences of the existence of valuable ores,
and if the State was looked over we might find that iron and coal can
be obtained within our own borders. I know that for twenty years I
have heard practical men talk about coal in our mountains ; but still no
thorough investigation has been made to determine that question. It
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was by accident, I think, that emery was discovered in this State, and
that lead was found in Pittsfield, intermixed with some silver. There
is evidence that we have valuable minerals in some parts of our State.

I believe that with such a report as a committee of the Board of
Education could make, if the subject could be properly put before the
committees of the legislature, so that they could see the interest
which the State has in this matter, a reasonable and proper appropri-
ation might be made to cany this work along properly, carefully,
prudently; but as one of the gentlemen has referred to some expendi-
tures that have been made heretofore in the illustration of works
published by the Commonwealth, which have been recklessly or
injudiciously made, I will say that I do not think the people of this
State, with that experience, would desire to go in blindfold. They
would be likely to want to know how long it was going to take, how
much it was going to cost, and all the facts in regard to it. It seems
to me that this survey might be commenced under the charge of the
most competent man you could select (and that, of course, is a matter
of great importance), on a comparatively limited scale ; that the results
of the survey could be published from time to time ; and that the work
might be placed at such a price that those interested in the subject,
and the public generally, would be willing to pay for it, and therefore
the expense to the State would be small. Under these circumstances,
it might take years to complete the work ; but it seems to me it might be
done, and I think the advantages to the people would be very great.
But if you ask the legislature to set a commission of scientific
gentlemen at work, with power to employ scientific and practical men
to work for them, I fear their experience has been such that it would
be a hopeless task to attempt to induce them to look with favor upon
such a proposition.

Mr. Hubbard. Mr. Adams, can you give us your ideas on this
subject, in connection with railroads?

Mr. Charles Francis Adams, Jr. lam unable to give you any new
suggestions, or anything which would not immediately suggest itself
to you. I have had necessarily some experience with measures of a
kindred nature, and I am deeply impressed with the good sense of
what Mr. Kimball has just said, that the great thing in such a matter
is to have something simple and comprehensive, something that you
can start with; it will grow fast enough ; these things generally do.
If you can once start it upon some judicious plan, it is a thing which
it is eminently desirable should be started ; particularly is it desirable
for that branch of the state service in which I am concerned. We
have geographical maps, which are more or less good, of the various
counties of this State, but we have nothing of a topographical nature
upon which we can place any dependence. Under the existing law,
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the railroad commissioners are continually called upon to pass upon
questions depending upon elevations, upon engineering questions,
as to locality, etc.; and with a small body like ours, it is not difficult
for ns personally to visit the spot, and if a man has a tolerably
educated eye, he can arrive at some more or less accurate conclusion ;

but if we have to deal with anybody in the legislature or any other
body than our own commission, it is extremely difficult to make them

comprehend what difficulties present themselves, or what is the lay of
the land in any given locality. Now, under the general railroad law,
the surveys of all the railroads have to be submitted to and approved
by our board. We have necessarily to accept as conclusive the
surveys which are submitted to us by the corporations. We have no
means of examining the country, unless we personally go or send
through it, in order to ascertain whether the line is in every respect
what it should be ; and in many respects it is not a question at all as

to what is best for the benefit of the party petitioning ; it is what is best

for the benefit of the community, and for the benefit of other roads,
which such roads may cross. Therefore I can see that this is a
matter connected directly with those questions which arise in relation
to railroads. We have no map whatever that I know of, none has
been presented to us, I am not aware of the existence of any, which
would enable us to deal with these questions as they arise. We have
to deal with them as best we can. There can be no question
whatever that, from my point of view, a first-class geographical and
topographical survey of the State would be eminently useful.

Mr. Hubbard. Mr. Scudder, can you give us your views in
regard to the organization and conduct of the survey ?

Mr. S. H. Scudder. Before proceeding directly to the point in
question, it should be stated that the whole plan I have to propose is
based upon the assumption that provision will be made at the outset
for carrying on the survey, without interruption, to its completion.
This seems to me of paramount importance; it cannot be urged
too strongly ; for if new appropriations or new elections were required
every year, there would be a waste of time and energy in proving the
same things over again to new legislatures. To be done rightly*,
the work must be done deliberately, upon a preconceived, uniform
plan; much of it would lose most of its value, if the survey were
interrupted, or prematurely closed ; and the best men cannot be brought
into its service, if their labors are likely to terminate in comparative
unfruitfulness.

In order to secure unity of plan in all departments of the survey,
efficiency and directness of action alike in all its branches, and the
greatest harmony among the persons actively engaged in it, it is
desirable that its executive administration should be vested in a
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single person. On the other hand, to attain the highest degree of
impartiality toward all the departments of the survey, a wiser
administration of its finances, and a divided burden of responsibility,
it would be better to see its interests intrusted to the care of a

governing board. To unite these two, and to obtain the advantages
of both, without their mutual interference, would prove the highest
success.

Were all the responsibility and all the trust confided to one man, it
would be more than he could properly bear, more than it would be
wise to intrust to him. Yet were there to be no one executive officer,
the work would not receive the proper superintendence.

To my own mind, the present organization of the State Board of
Education offers the best model upon which a bureau of the survey
could be constructed ; namely, a limited, honorary board of educated
men, some selected from among the veterans of science, some from
those specially interested in education, some having the commercial
and industrial enterprises of the State at heart. They might represent
the various interests affected by the survey, as follows :

First, its three departments,—

1. Topography.
2. Geology (including mining interests).
3. Biology.

Next, the industries which would require a voice in the deliberations
of the board,—

4. Agriculture and forestry.
5. Manufactures, and all that pertains to hydrography.

And, finally,—

6. Education.

The past and present organization of the Board of Education,
as well as the experience of the last survey, show that the nomination
of such a board may best be intrusted to the governor and council, as
those most certain to select with judgment and impartiality the fittest
persons. Such a board might consist of six members (as indicated in
the list just given), in addition to the chief executive officer of the
survey. With the exception of the latter, its members should be
appointed for a term of years, a new member entering and one of the
old members retiring each year.

The executive superintendent of the survey should be a permanent
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officer, like the secretary of the Board of Education; he should
also have a voice iu the board and act as the secretary of its meet-
ings and as its executive officer. The manner of his appointment may
justly be a matter of very different and equally worthy opinion. It is,
however, of the first importance that he should be acceptable on
scientific grounds; that he should be judged to have a reasonable
degree of executive ability ; and that he should not be one whose lack
of judgment, in dealing with other men, might imperil the success of
the undertaking. Upon the whole, the method most likely to secure
proper results would perhaps be,—first, to appoint the board; second,
the executive officer through the board; the board nominating, and
the governor and council appointing, or vice versa: In this way, an
officer would be secured in harmony with the board ; and in the event
of requiring at any time during the progress of the survey a new
appointment, such a method, from the familiarity of the board with
the necessities of the survey, would be the very best.

The separate functions of the executive officer and the board should
be carefully distinguished. The board should be more than a merely
advisory council. It should supervise all accounts, make contracts,
regulate salaries, approve or disapprove the appointments of the
executive officer, and decide upon the methods and conduct of the
survey. To the executive officer should be intrusted all the details of
administration, the initiation of plans, the nomination of officers and
employes of the survey, and their special direction. With such a
division of labor and responsibility, and with suitably chosen men,
there must ensue harmonious counsels, efficient and honest adminis-
tration.

It has been proposed that, instead of forming a new organization,
the duties of the proposed bureau should be intrusted to the existing
State Board of Education ; but, inasmuch as this board is appointed
for a distinct and specific object, it could scarcely be expected to
accomplish a task foreign to its intended work so well as a board
organized for this special end.

It has also been proposed that the nomination of the executive
officer should be confided to the Academy which presented the memo-
rial for the survey to the legislature. Were the securing of a scien-
tifically capable man the only important matter, the proposition might
meet with much favor; but it would be questionable whether such a
body, actually irresponsible, would sufficiently consider the subject inall its bearings.

Many other modifications of this plan may bo and have been
suggested ; but the important points which ought to be maintainedare : that the bureau of the survey should consist of a governing board
and an executive officer, who should have a scat in the board; that6
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the board as a whole should regulate the conduct of the survey ; that
the selection of both the board and the executive officer should be
confided to those who will make good appointments ; and that the
nomination of subordinate officials and employes should proceed from
the executive officer.

I would say, in reference to these suggestions, that I have conversed
with a very large number of persons in relation to this matter, and
the}’ embody, I believe, their general views.

Mr. Hubbard. Mr. Boyden, will you give us your views, as you
stated them to me, in regard to the economical features of a biologi-
cal survey.

Mr. A. G. Boyden. I was not expecting to be called upon to make
any statement here, and therefore have not prepared anything in detail.
I will give such thoughts as have occurred to me in reference to the
matter.

The relation of the animal to the vegetable kingdom is a most inti-
mate one. In the cultivation of orchards, garden vegetables, and
things of that sort, upon which we as a people depend a great deal,
we have to contend continually with insects ; if we could learn, there-
fore, the facts about the insects that are found in this State ; if we knew
how they were generated, how they grow, and what they feed on, we
might do a great deal towards saving a large part of the crops that
are now destroyed by them. For instance, the canker-worm comes
periodically, and very few people know much about the habits of this
insect. Very little is known about insects by people generally. They
do not even know them b} 7 name. They do not recognize an insect in
the three stages of its life. Every gardener, every orchardist, every
person cultivating herbs, trees or shrubs, needs this information. As
has been said this morning, we have not the books to which we can go
for help in gaining this information.

In our normal schools, we are required to teach the elements of
botany and zoology, but we have very few books to guide us, especially
in this latter science. Mr. Emerson has given us an excellent book on
the trees of the State, which is a very great aid, but in respect to the
other matters of which I have spoken, we have very few such helps as
are needed. It would seem, therefore, that a survey of this kind,
in which scientific men were employed, who could, as the}7 went
over the different localities of the State, collect, incidentally, and with-
out adding very much to the expense, the facts relating to these
subjects, wouldbe ofgreat value. A person of intelligence and culture,
able to take observations in these directions, might gather a great
mass of facts, which could be published as supplementary to the sur-
vey, that would be of great service to the people. I know that the
young men and the young women who come into our normal schools,
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and the teachers of the State, are seeking this kind of information.
Prof. Packard’s book on insects, and other like books, are sought for
Tvith great eagerness, and the boys and girls in our schools could all
be set at work to learn about the habits of birds and insects, and all
kinds of animals. There is no subject in which they are more inter-
ested, and if we could put within the reach of our teachers the
means of obtaining the necessary information to guide their efforts, a
great want would be supplied.

A year ago, I wanted some specimens to teach entomology, and I
set two boys to work ; told them where to go, to look under the sills
of windows and the rails of fences. They ranged the fields, and brought
me all the cocoons and insects I wanted. They have continued gather-
ing them up to this time. Our boys and girls ought to learn the facts
about the plants and animals of the State, especially the food of insects,
and what birds we have, in what portion of the State they are found,
and what they live on chiefly. This is the information that we need
in our schools, and which should be scattered among the people. It
would be of great serviceto the agriculture and horticultureof the State.

Mr. Hubbard. Dr. Packard, can you add a few words upon this
point?

Dr. A. S. Packard. I had no idea of being called upon to sa}r anything
this morning. President Clark has stated that the agricultural prod-
ucts of this country amount to §2,500,000,000 annually. It has been
estimated that we lose every year, from insects and parasitic plants,
$500,000,000. In this State, we lost in one year, by the army-worm,
$260,000 worth of hay-crops. And so I might go on and add a great
many examples of the damage done by injurious insects. Certainly
it will be a good thing to have a body of observers at work systemati-
cally, year after year, collecting information, which may be spread
before the farmers of the State, and others interested ; and if it is done
under the auspices of the State, it might be done very easily by the
students of our colleges, especially those at Amherst and at the Bussey
Institution ; while the students at our normal schools might all cooper-
ate, under the direction of some one man versed in this matter, and, with
very little expense, experiments might be made which would be of
very high practical and money value to the State. So with the birds ;

and, in fact, the whole subject of applied zoology, should, it seems to
me, be included in the biological department of the proposed survey.

Mr. Hubbard. Prof. Shaler, you have had largo experience as to
the manner in which these surveys are conducted in other States ; can
you tell us how the work is done in Kentucky and Pennsylvania?

Prof. N. 8.Shaler. I must beg leave to correct your statement a bit.
My acquaintance with geological surveys in a practical way is limited
to some observations, extending over several years, of the conduct of
the admirable survey of Geat Britain, which I may say I have



[Jan.44 SURVEY OF THE STATI

studied with a great deal of care, and much profit, and some experience in

connection with the survey of the State of Kentucky. Unfortunately,
neither of these surveys affords us much light in reference to the work
which should bo done in the State of Massachusetts. As concerns the
British survey, I may say that it has but one grave defect. It is a

defect which Prof. Peirce has incidentally pointed out, and I regret
that so few of the gentlemen who have spoken, have turned their
attention towards it. The principal defect of the British survey does
not concern its work, but its effect upon British science. It has not
taken pains to connect itself enough with the work of education in
Great Britain ; and the result is, as is admitted by some of the oldest
geologists there, that there are few young geologists coming up in

England at this time. It seems to me that here is a great lesson for
us, and that we should learn from it, that whatever we do with our
survey, should be done witli a view, not only of turning the results of
the Coast Survey to the best account, of gaining this or that economic
end, but of making this survey a basis of culture in the sciences to

which it turns its attention. I think the greatest difficulty in this
State will be to get the requisite number of young men who have
been properl v trained to do the work of this survey. Therefore I feel
that the best I can do is to urge upon the commission the importance
of considering, at the outset, how the}' can best do this work. The
power of Massachusetts in this country, has come from her educational
capacity. Her power over the resources of this country, of all
kinds, has come from the fact, that whenever Massachusetts was to be
represented, on any momentous occasion, she had men trained in her
schools, capable of saying her say with the most effect.

Now, in the past history of our country, the great issues of the day
have not turned on science. Many of the great economical questions
of the future will turn on science, and the question whether Massachu-
setts is to have trained men ready to face every one of these questions
as they come up, is a question of the utmost importance to her. I
grant that it is a question of great importance whether we shall save
one per cent, of our crops; I grant that it is a question of great
importance whether we shall save our sewages; but I think the
paramount question is how we shall save and utilize our young
men to the best advantage.

As regards the conduct of the survey, I may say, that after a great
deal of consideration and consultation, I have come to the conclusion,
that the best plan will be for the survey to have as its foundation or
principal object, the development of what is in the ground and upon its
surface, and that science should come in, in a fashion, incidentally to
that. In the conduct of the Kentucky survey, I have taken the Coast
Survey for my model in that regard, because we seem to have in that,
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the advantages that result from the most eminent development of
science without any of the disadvantages which come from an excess
of science, when pressed upon the public. I have taken that for
my model. I have determined to turn pure science solely to those
questions which the State presents as questions to be solved. In
every State, there are questions which are of paramount importance to
science. In the State of Massachusetts, you have many, but in the
State of Kentucky I found a few questions which may show you how I
have looked upon these matters, and what I have been able to do.
We have our cavern life in Kentucky, and some of my assistants have
already been at work on this cavern life, and I have also taken one or
two other things, for which the State affords peculiar opportunities for
inquiry. I mention this merely as an illustration. Now, here in
Massachusetts, you have certain peculiar questions connected with the
distribution of animal life to the north and south of Cape Cod, which
offers one of the most remakable illustrations of the variations in the
distribution of animal life that is afforded anywhere in the world.
The constant changes as years go by, the influence of temperature
on the distribution of animals,—these are questions 'which can be
investigated there. There is no question that Cape Cod is one of the
groat problems of Massachusetts, and it is a problem on which a large
number of investigations should be hung. Prof. Peirce, who has
carefully traced and grouped the facts connected with that part of the
coast, will agree with me in saying that Cape Cod is the key-point;
that geologically it is the most important point in Massachusetts, with
regard to the agencies that have been at work in the creation of the
soil, especially with reference to the glacial period, etc.

There is another point of economical importance, in illustration of
which I will tell you a story. A few years ago, there was built in
Cambridge a memorial church; it is a very handsome building, but it
cost a great deal of money. Another architect wanted to build a
church in the same neighborhood, which should look just as well, and
yet not cost near as much. There was a stone-quarry in the neighbor-
hood, and I was consulted by the vestrymen of the church as to
whether that stone would answer the purpose, and I found great
difficulty in convincing them that that stone was not, for some reason
or other, very likely to crumble ; but they concluded at last that they
could trust the stone, and the Shepard Memorial Church was built, of
stone brought from a quarry near by, which did not cost half as much,
and is just as handsome and quite as enduring as the stone of the
other church.

Here is a question right at hand. I believe that the building
materials of the State should be taken up by the survey and treated in
this fashion: we should have a museum of our building stones in the
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open air, with no roof over them, which will show how the stones will
work when they are under the influence of the atmosphere. The
importance of this will be seen when we recollect what has occurred in
the case of the new houses of parliament. They tried all sorts of
experiments upon that stone, except the simple one of putting it out
in the London atmosphere, and seeing how it would work there. It
has begun to decay, and although thej' may keep it apparently sound
on the surface, it will probably rot at the heart, and in time, under the
action of the sulphurous acids of the London atmosphere, it will melt
to the ground. If we can find within our State a material which will
give us a new building-stone, at a cost twenty-five per cent, less than
the stones we now use, nobodj7 will say that twenty thousand dollars a
year is too much to pay to secure such an advantage as that; and I
am satisfied that some building-stones can be found that will give as
good a result as that.

But the point of all others is to connect the work of the survey with
the work of education, for that is, after all, the first chance of
Massachusetts. She can grasp the riches within her reach alone.
I agree with Dr. Hunt, that she has, possibly, coal-mines within her
limits, but she cannot expect to compete with Pennyslvania in the
production of that article. She can compete to-day, as she has for
centuries, with all the other States of the world, in education, and
there is no reason why the Commonwealth should be handicapped in
that race. That is the race she can win.

Rev. Dr. Mister. I should be exceedingly glad to learn how much
or how little mone}*, and how much or how little time, are deemed
essential bj7 the experts to fill up the measure of good which has
just been hinted at, and how far we can avoid the danger of doing
that which we have been warned against.

Prof. Peirce. I should think that §20,000 a year would keep half
a dozen parties at work from the different colleges.

Rev. Dr. Miner. Would that cover all the points necessary?
Prof. Peirce. That would cover the topography, and at the proper

time, you could put in the geology. I have tried, in the Coast Survey,
putting in geological parties in connection with the topographical
parties, and found it did not work very well, even with Mr. Shaler’s
assistance. Plow it will work in Pennsylvania, Ido not know. Re-
member, that in the great government geological surveys, although
the topographical survey is carried on in connection with the geologi-
cal, they cover an immense deal of ground, much more than a Coast
Survey party does ; and then their object is not to give you any topo-
graphy that shall be useful, except to the geologist, and that in a
country where the geology is on so large a scale that it does not
require a minute survey,—and there they have relied for the basis of
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this triangulation on the Coast Surrey. I suppose that such a geological
survey as that would not have answered the purpose to which Prof.
Hunt referred, of deciding the position of the tunnel. A geologist,
from his ordinary knowledge of the form of a hill, can draw it without
going to it. A topographer is merely a draughtsman ;in order to repre-
sent it, he must go upon it. You therefore need a topographical
survey of this more refined class to be of any use in your railroad
surveys, to take the place of the town surveys in laying out roads, to
enable a legislator to answer decidedly, and with authority, whether a
railroad that is brought before the legislature is properly laid out with-
out going upon the ground. With such a survey as the one just
referred to, he might answer these questions approximately, and feel
that he and the other members of the legislature are not left in the
hands of interested parties, who may come there to pervert the facts.
It may be a sufficiently exact representation of the form of the ground
throughout the State for such purposes. I think you could accomplish it
with the appropriation of $20,000 a year, although I am not prepared
to speak with precision.

Prof. Siialer. I have three topographical parties in the field in
Kentucky. There is no triangulation ; we are at work on a different
principle ; however, the cost of a topographical party wouldbe the same
in either case ; three geologists are steadily employed, and two gentle-
men in the laboratory, and there are facilities for several gentlemen of
science to spend several months upon the ground in doing particular
work. Sixteen persons are employed, besides laboring men, and I
think I can bring my bills, on the average, within $1,700 a month, for
the whole. Those parties are working nearly all the year through.

Rev. Dr. Miner. I have been impressed with the remarks of Mr.
Scudder, in reference to the importance of providing an appropriation
at the outset that should cover the whole plan. About how many
years, on such a scale, should you expect would be requisite ?

Prof. Peirce. The instant you have completed your survey, you
have lost that element of education, and therefore I should not be
troubled by that consideration. I felt, in relation to the small appro-
priations for the Coast Survey work in the differentStates : although I am
doing it at a rate which will make the work last many years, I am
extending a system of education, by that means, which will last as long.

Prof. Shales. Kentucky has over 40,000 square miles, and Massa-
chusetts under 8,000. The difference in size is very great. Massa-
chusetts would be lost in that area. I found that the lowest calcula-
tion of the cheapest pattern done with the Plane Table (to be good for
anything it must be thoroughly good of its kind), was ten dollars to
the square mile, with the utmost economy. You can buy capital coal
and iron lands there for a dollar an acre.
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Prof. Peirce. Our Coast Survey work probably costs, the most
expensive, $l5O a square mile. If you could bring it down to $2O a
square mile, then the work could be done for about $170,000, and an
appropriation of $20,000 a year would complete it in eight or nine
years. But I would not propose to do it as fast as that, and therefore
the cost of the parties should be smaller, and the $170,000 spread
over a larger period of time. But the question of probable cost
requires more ample investigation.

Mr. Scudder. In speaking of the length of time over which the
work might extend, I first thought I would say, a term of ten or

fifteen years. Then, supposing that the Committee might not wish to
fix any definite term of years, I left it out. That period, ten or fifteen
years, was the result I arrived at, after conversation with a great
many persons. They seemed to think that the work could be cairied
on, say with an appropriation of $20,000 to $25,000 a year, extending
over ten or fifteen years. That appropriation ought to cover all the
departments of the survey, except publication. The expense of publi-
cation will depend so much upon the amount that is required for
illustrations, that it was considered impossible to arrive at any conclu-
sion on the matter.

Rev. Dr. Mixer. Did you not include a topographical map?
Mr. Scudder. No publication whatever, but simply the work done.

It was based upon the supposition that the topographical survey would
require about two-thirds of the whole amount, and it was presumed
that the sale of the map would cover the cost of its publication.

Prof. Shaler. I think the topographical map can be produced at
a not very costly rate.

Mr. Hubbard. What would be your idea, Mr. Walling, as to the
expense of publishing, and the demand of the public for topographical
surveys ?

Mr. H. F. Walling. Ido not think there wouldbe much demand. It
would require to be pushed very earnestly by canvassing agents, which
would not be, perhaps, a dignified way of carrying on a thing of this sort.

Kev. Dr. Miner. Without publication, the whole work is rendered
comparatively valueless.

Mr. Walling. There is one point about this which I have not
heard mentioned, and that is, with regard to the value of this survey
for a great many municipal purposes ; for instance, in the assessment of
taxes. I have just come from Canada, where they have a survey which
gives the boundaries of every estate, and it is very useful for a great
many municipal purposes. Perhaps such a survey would not add a

o-reat deal to the expense, but the scale would require tobe larger than
has been mentioned. Surveys of that kind have been made by some
cities and towns,—the city of Portland, among others,—and have
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been found to be very useful. They are said to pay for themselves
in a very few years.

Mr. Scuddek. It ought to be borne in mind, that while the
topographical survey ought to be made on a large scale, it is not at all
necessary that the maps based upon that survey should be published
on the same scale. The manuscript map ought to be made of such
size that it would not require to be done againj while it could be
reduced to any size that may be desired for publication. Therefore,
if the survey were made on the scale of 80 as to include on the
manuscript map all the details which would be desirable, the
published map might be on the scale of or about one inch to a
mile, and be useful for nearly all practical purposes.

Prof. Agassiz. If we can judge by the experience of the geological
survey in England, there need be no anxiety in regard to publication.
That survey not only has an enormous sale, but the publication has
been profitable.

Prof. Hunt. That is so.
Prof. Agassiz. The sale in England has been very great; and if we

have the original plates, the cost of striking off copies afterwards will
be comparatively small. The sale of the maps of the English survey,
as I have said, is enormous, especially of those of some localities
which are more interesting than others. I think we can depend upon
a sale which will warrant the publication of a map on any scale we
may adopt, if the sheets are chosen with judgment.

Rev. Dr. Miner. Is it your opinion that publishers would under-
take the publication of the results of the survey at their own hazard ?

Prof. Agassiz. If they knew what the result has been with similar
publications in Germany, Denmark, Switzerland, and Norway, I have
no doubt our publishers would undertake the thing.

Prof. Peikce. In the Eugish ordnance survey, they prepare the
maps themselves at a verj' small expense. They issue them upon
zinc. But it would be difficult for any individual firm to get up such
a map and make it profitable, unless they did it with very great
economy. The ordnance department issue them very cheap indeed,
and those are the ones they sell to the public.

At the conclusion of the hearing, the Committee requested
Professors Peirce, Shuler and Hunt, and Mr. Scudder, to act as
a committee to consult with scientific gentlemen, and make
an estimate of the expense of the proposed survey, the time
required for its completion, and the manner in which the work
should be done. *

* For Report of this Committee, see p. 12.
7
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[From Prof. Henry L. Whiting, Chief of Topography, U. S. Coast Survey.]

COMMONWEALTH OF MASSACHUSETTS.

Harbor Commissioners’ Office, No. 8 Pemberton Square, )

Boston, 17th December, 1874. $

Dear Sir :—I have carefully examined the report on the subject of
the proposed State Survey, which have favored me with the oppor-
tunity of perusing.

The statements and estimates relating to the topographical depart-
ment of the survey are well and carefully based, and seem to cover
the ground as fully as estimates and plans can be applied to a new
project.

The references made to the work and data of the Coast Survey are
correct.

[From Capt. C. T. Patterson, Superintendent of the U. S. Coast Survey.]

The law for which you inquire is not separate from recent annual
appropriation bills for continuing the work of the Coast Survey. One
of the items in the annual estimates provides for triangulations that
will ultimately connect the surveys of the Atlantic and Pacific coasts,
and on the estimates, sums varying from $15,000 to $50,000 have been
appropriated by Congress for several successive years, the following
proviso being attached to the first appropriation made for the purpose :

“ Provided, That the triangulation shall determine points in each
State of the Union, which shall make requisite provisions for its own
topographical and geological surveys.”

With the means voted, progress has been made in the determina-
tion of points in New Hampshire, Virginia, Ohio, Kentucky, Missouri,
Minnesota and Alabama.

LETTERS RECEIVED BY THE COMMITTEE.
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From Prof. Edwakb Hitchcock, Amherst College.]

I am unwilling to allow the opportunity to slip by in which I may
humbly but strongly express myself in favor of the renewed scientific
survey of the State.

It does not seem like a lack of modesty on my part to say that
the geological survey of Massachusetts, as carried on by my late father,
was well done, as far as it went, or in other words, as far as the then
existing state of science would allow. But now, after a quarter of a

century has gone by, it seems that new research into the resources of
our mineral wealth, and the proper scientific position of ourselves on
the outside of the world we inhabit, is imperatively demanded, if we
will properly study the political economy of the Commonwealth.
Western Massachusetts has much mineral wealth as yet far out of
sight to the practical man, which the scientific eye must see before the
raw material can be exhumed and be made ready for transportation to
the factory. Bristol County has mineral coal packed away in her sub-
strata, which new methods of combustion, and more modern appliances
and machinery, will ere long make available for motive-power.

The great expansion of tendencies to educate in scientific studies
to-day, in comparison with a few years ago, is to my mind a strong
reason why the State should renevv the scientific surveys of her
domain. It will not satisfy the common intelligent mind of Massa-
chusetts men and women to have their children told in their common
schools by their teachers that they cannot tell them where our animals,
plants and rocks are grouped by the correct modern nomenclature,
because our government has not furnished the means for such informa-
tion', and no individuals or scientific associations can in the present
growth of our country undertake very much of such work.

In the year 1860, I had the pleasure to converse with Prof. Richard
Owen, of London, with reference to the report on ichnology, as made
and published by order of the State of Massachusetts. His language
to me in reference to it, was: “It reflects great credit upon the State
of Massachusetts, that they should publish so valuable a memoir in
science as this, and in execution (meaning typography and illustra-
tions) it compares very favorably with anything which might be done
by European governments.”

I beg you, gentlemen, most earnestly, to leave no effort undone, to
secure the new scientific survey of our noble Commonwealth, and keep
her thus foremost in knowledge, practical and theoretical, of every-
thing that concerns her own body-politic, and also all reasonable
means for the best cultivation of the moral and Intellectual character
of every one of her sons and daughters.
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[From Prof. J. D. Whitney, Director of the Geological Surrey of California.]

My ideas on the subject of a “ re-survey of the State,” are as

follows:—
1. No survey ought to be encouraged or contenanced by scientific

men, unless it be a thorough one, fully up in all respects to the best
that the most refined science of modern times is capable of doing.
Done in such a way as this, it will be of permanent value; otherwise,
not.

2. The topographical survey must precede the geological, and the
maps be drawn before they can be colored geologically. Any attempt
to carry on a topographical survey pa%i passu with a geological one,
will be a failure.

3. The topographical survey, to be of permanent and practical value,
must be on a sufficiently minute scalf to allow of contour lines
being drawn at not over 20 ft. apart, and the elevation along numerous
sections across the State must be fixed with precision, and engraved
on metallic bolts fixed to the rocks in situ.

4. The topographical part of the survey, will be vastly more costly,
as well as vastly more important, than the geological; but any geologi-
cal survey not made on the basis of absolutely accurate topography,
will be of no value at all.

5. My strong impression is, that the State is not yet sufficiently
advanced in intelligence and comprehension of the value of scientific
results, to make such a survey as I advocate feasible at present; but
I think it wouldbe wrong for scientific men to go before the legislature
and give the impression that any other survey than a thorough one,
would be of permanent value, or that the work would not have to be

done over again as soon as the State has advanced so as to be on an

equality with countries like the poor and thinly-inhabited Sweden.
6. We have had one imperfect topographical survey of the State as

well as one geological investigation, and I am strongly of the opinion,
that those are enough, until the State is prepared to go into a thorough
and final piece of work.

7. What I should now recommend, would be the appointment of a
commission by the legislature, to investigate and report in full on
what has been, and is being done in other countries in this line, and to
set forth as minutely as possible, bow and wherefore a detailed and
thorough survey• is a sine qua non of a well governed and highly
civilized community.
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From Dr. P. A. Chadboukne, President of Williams College.]

A pressure of official duties prevents me from being present with

you on the 5 th. I heartily endorse the plan of'the survey as it has
been presented to me. We wish to gain a more exact knowledge of
our sources of wealth, but the most desirable thing is to foster scien-
tific inquiry in all our institutions and among all our people. The
survey need hot involve great expense to the State. W hat it may
cost she can well afford to pay. In making provision for such work
Massachusetts early set a good example, which other States have

followed. Her own work now needs to be revised and extended. 1
trust the gentlemen who meet to consult will be able to so present
the case that the next legislature will authorize the immediate com-
mencement of the work.

[From Dr. A. S. Packahd, Editor of the “American Naturalist.”]

In an article in the “ North American Review ” entitled “ Exact
Science in America,” Mr. Simon Newcomb concludes that “ we are
a generation behind the age in nearly every branch of exact science.”
He attributes this to the want of effective organization and incentive,
rather than to our lack of zeal in developing the material resources
of the country. This statement also applies, in a' measure, to bio-
logical science. How far the state and national geological and biolog-
ical surveys have served, instead of any more direct and effective
means of organizing scientific efforts, would be an interesting inquiry.
As it is, the national and several state geological surveys have been
almost the only means of educating students in science, of bringing
to a focus the labors of scattered scientists, and of placing before
the people the results of the examinations with more or less care of
the geology and natural productions of our States and Territories.
Look, for example, at the geological survey of the State of New
York. By the wisdom and liberality of the legislature of that State,
a series of volumes on the geology, agriculture, palaeontology,
zoology and botany of that Commonwealth have been issued, which
have altogether immensely advanced these sciences in this country,
and assured European naturalists that in native ability and power of
observation, and of producing useful results from abstruse knowl-
edge, the American is not behind his trans-Atlantic brother in sci-
ence. That survey also called in the aid of some eminent European
naturalists, established a large museum (one of the finest in the
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world), and a body of assistants who have formed a coterie or
school of observers, which have done and are doing much to elevate
the standard of pure science in our country. The Coast Survey in
like manner, and the survey of the Territories, have built up centres
of science and gathered at Washington a number of scientists which
have made that city second to no other scientific centre in the United
States, and developed the energies and collected the results from
observers scattered over the country. The direct influence of sur-
veys, geodetic, geographical and geological, in developfng our science,
is most apparent. Certainly our colleges and universities thus far
have not proved to be centres for the advancement of science; they
tend to act rather as conservators of knowledge. Exception should of
course be made for Harvard and Yale.

It is not to be overlooked that some of the most talented observ-
ers are not connected with any college or survey, and science has
been largelj7 indebted to isolated students for her most valuable dis-
coveries. But it is to state and government surveys that America
is. on the whole, most indebted for her present scientific position; in
other words, to grants of money and incentives to work from the
people. It is for this reason that the proposal on the part of a
number of the scientific citizens of the State of Massachusetts, who
lately had a hearing before your committee in regard to a re-survey
of the topography, geology and biology of the State, will, we hope,
meet with favorable action on the part of the legislature this winter.
By the annual appropriation of $25,000 for a period of fifteen years,
a careful, elaborate and most useful survey of that small State can
be made. No survey has been made for nearly forty years. The
value of the brief and incomplete reports published by the State
about forty years since, that is, the botanical works of Mr. G. B.
Emerson, Gould’s “ Invertebrates of Massachusetts,” Storer’s “ Fishes
of Massachusetts,” and Harris’s “ Treatise on the Injurious Insects
of the State,” —the value of these, not to speak of the other excel-
lent reports, as educational works, in making students of science,
in assisting state teachers, and in aiding farmers and gardeners in
combating injurious insects, cannot be overestimated.

So valuable have these works been considered that the State
reprinted those of Drs. Gould and Harris, at a cost of $20,000.

Every motive of state pride and economy calls for a thorough and
final survey of the State, with reports on all departments of science,
botanical and zoological, as well as geological and topographical.
Several other States, as Pennsylvania, Kentucky, North Carolina,
and others, are making Such a survey, comprehensive
and thorough, embracing biologj’ as well as physical geography and
geology, can be done much cheaper than many may think. The
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work can be accomplished as in the past, largely by naturalists and
students without pay. Many monographs on groups of animals and
plants, private geological explorations, and the Coast Survey triangu-
lations already made, can be worked in without cost. The final
reports can be sold at cost, and thus repay the original outlay in
printing them. Those of some States have already more than repaid
the cost of publication. It is to be hoped that the biological side
of the survey will be fully attended to. There is a pressing need
among our agriculturists of a knowledge of our parasitic plants and
injurious animals.

The amount of produce annually raised in the United States is
$2,500,000,000. It is estimated that we lose one-fifth of this amount,
or $500,000,000, from the attacks of injurious plants and animals.
Of this amount certainly one-tenth, or sso,ooo,ooo,'could be saved,
with a proper knowledge, on the part of our agriculturists, of the
forms and habits of the injurious species. In one year, it is said,
in the eastern counties of Massachusetts the farmers lost $250,-
000 worth of grass from the attacks of the army-worm. In 1871, in
Essex County alone, $lO,OOO worth of onions were destroyed by a
minute insect; a loss that a slight knowledge might readily have
prevented. We need state aid in affording the means of importing
and raising certain parasitic insects which prey on the injurious
forms. In a money point of view, the natural history side of the
proposed survey is fully as important as the geological or topo-
graphical.

Moreover, the biological department of the survey could be carried
on at a slight expense compared with the topographical and geological;
and the reports, if properly illustrated, and containing notes on the
modes of living of injurious plants and animals, would, we doubt not,
fully repay the original cost of printing.

[From T. T. Bouvi, Esq., President of the Boston Society of Natural History.]

Finding I cannot attend the meeting of Committee of the Board of
Education this morning, without neglecting very important business,
1 write to briefly express my opinion that the time has come for the
State again to have made a full survey of its territory, both in the ser-
vice of science and of economical development. It is now many years
since the State did itself honor by its action in providing for the first
survey, an action which led to provision on the part of other States
for like surveys, resulting in a vast increase of general knowledge,
greatly to the advantage of the material interests of the country.
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The survey of the State of Massachusetts was faithfully made, and,
at the period, I question if the work could have been better done
than it was by that most indefatigable laborer in science, Professor
Hitchcock. It must, however, be borne in mind that great progress
has been made in the sciences necessary to full reports upon the
geology and biology of the State, and that however valuable was the
work done forty years since, much more can now be done of incal-
culable service to science, and likely to result in great material good.
We cannot, it is true, rely confidently on such great discoveries of
mineral wealth as might be looked for in some of the other States;
and yet i,t is by no means certain that the cost of a survey to the
State might not be a hundred-fold compensated by a single discovery
made through such survey. Nor are the advantages of a true knowl-
edge of the resources of a territory limited to what may be developed.
Much is saved, in the way of exploration, "where ignorance would risk
and lose. But lam sure I need not multiply words in dwelling upon
the subject with those so well aware, as are you all, that knowledge is
itself power and the means of material prosperity.

It is the province of a great State, in my view, to do what it can
towards the elevation of its people, by increasing knowledge and by
aiding in the development of its material resources. Thinking these
objects can be accomplished by a new topographical, geological
and biological survey of the State, I am strongly in favor of such a
surve}r .

[From William Wheeler, Esq., Civil Engineer, Concord.]

I have observed with deep interest the progress of the movement for
a survey of this State, and beg leave to offer a few' ideas from a sani-
tary and agricultural point of view : —-

I. The tendency of our present systems of water supply and drain-
age, is in some respects, pernicious in points of health and natural
economy. The number of towns and cities in this State that are intro-
ducing water is now very large, and the practice promises to become
universal. The primal sources of ■water supply are, briefly, natural
water-courses and basins.

Its introduction invariably necessitates the construction of sewerage
works for the removal of the increased quantities of water which
becomes the vehicle of the refuse products of civilized life. The final
receptacles of the discharge of sewers of all kinds are natural water-
channels and basins.

The ultimate results of this system are foreshadowed in the contam-
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ination of the Charles Elver, rendering it of doubtful ■ purity for
domestic uses ; and of the Mystic watershed, the preservation of whose
waters in healthful purity, already demands radical treatment the

•construction of large intercepting sewers, discharging into tide-water ;

also of the Thames, in England, the principal source of London’s
water supply, the correction and purification of which required an
expenditure of $20,000,000 ; and eventually, under the present system,
of the waters from the drainage grounds of all thickly populated
districts; while the disgusting example of Miller’s River, and several
similar basins contiguous to Boston Harbor, and the tidal portions of
the Charles, give ample evidence that it is unsafe to discharge sewer-
age, in its crude state, even into tide-water. The impoverished
condition of the soils of many of the older countries of Europe and
Asia, bespeak a disastrous effect upon soil fertility, of such enormous
waste of fertilizing matters. Is their any remedy for, or expedient
by which can be avoided, these evils? A thorough investigation,
pursued in connection with a state survey, might, at least, throw
important light upon the subject.

The only proper method by which sewerage can be sufficiently puri-
fied to fitly return to the sources of water supply , or to tide-waters in
the immediate vicinity of human habitations, is by filtration through
the soil, i. e., by agricultural irrigation; the worth of its fertilizing
constituents might eventually pay the expenses of the system, and
finally only by utilization can the fertility of our soils be maintained.

11. There are extensive tracks of marsh and swamp land in the
State, that by proper drainage might be made the most fertile of all
soils; these are now not only quite worthless, but work a positive
injury to the public health, and to the value of surrounding property,
and this too, within the immediate vicinity of some of our large cities.

111. The interests of agriculture suffer at the hands of manufac-
turers by the control of water channels and basins allowed to be
exercised by the latter. Of many cases, I need only cite that of the
Concord and Sudbury rivers meadows, where, by reason of the flowage
at intervals, of thousands of acres of low ground, and a sluggish
current, caused, in great measure, by the dams at Billerica, the land is
not only rendered totally unfit for cultivation, but the drainage of a
large quantity of upland is rendered imperfect, the public health
impaired, and the water actually poisonous and unfit for domestic
purposes.

Not to prolong this epistle, I will summarize some of the more
important questions of sanitary and agricultural interest.

1. In view of the present systems of water supply and drainage,
how can the purity of our inland waters be maintained, the pollution

8
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of commercial harbors be prevented, and the public health best be
preserved ?

2. Is the character of our soils, and the topograph}- of our State
adapted to the utilization of sewage by agricultural irrigation, and is
not utilization absolutely necessary for the preservation of soil fertility?

3. What are the opportunities for enhancing the value of lands and
property, and improving the public health by the drainage and
reclamation of certain tracts of marsh and malarious lands?

4. To what extent do agricultural suffer at the hands of manufac-
turing interests, how may any differences best be corrected, and what
should be the relative rights of agriculture and manufactures in
natural water-channels and basins?

5. To what extent can our sandy and barren lands be improved by
irrigation, or by the planting of forests, and what are the climatic
effects of forest growths ?

6. Does civilization or do its works, cause climatic changes, and
what are the practical deductions?

7. What are the relations of climatology to plant-life, to animal
life, and to health ?

8. What are the relations of topography and geological formations
to plant-life, to animal life, and to health?

I know not how more reliable information can be acquired per-
taining to these questions, than through such a survey as has been
contemplated.
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[House Doc., No 266, 1874.]

To the Honorable the General Court of Massachusetts:

The American Academy of Arts and Sciences respectfully presents
the following Memorial, urging a new and thorough Scientific Survey
of the Commonwealth.

It is now more than forty years since the State of Massachusetts
began a survey of its territory, the results of which were published in
a series of reports upon the geology, zoology and botany of the State,
with a map and geological chart. It was the first public survey under-
taken in this country, and was followed by similar ones carried on by
the other States and bj’ the general government. Massachusetts has
the honor not only of originating this series of surveys, but of giv-
ing to the country a large proportion of the scientific men who con-
ducted those of the other States. The survey was at once of great
practical value to the Commonwealth and a school for scientific educa-
tion.

The several reports thus published have been absorbed by the pub-
lic, and it is now impossible to procure them ; the State recognized
this fact when it ordered the republication of two of them, and the
demand for others of the series suggests the pertinent inquiry whether
a simple republication or a revised edition of one and another of the
reports would meet the demands of the people. In the main, the
reports represented fairly the condition of science at the time they
were made, but the lapse of one generation has witnessed such prog-
ress in the methods of scientific investigation and such an addition to
the store of knowledge, that though the reports contain much valuable
material, most of them are now incomplete and to some extent anti-
quated. The time has come when a new survey is necessary, more
thorough and comprehensive than the old, as the methods and know-
ledge supplied by science now, are in advance of what was at th#
command of the men of that day.

The State was the first to order a scientific survey, and it should
not allow itself to be the last to take advantage of the developments
of later study. Within the past few years, there has been great
activity in many of the States in this direction, and there have been

MEMORIAL OF THE AMERICAN ACADEMY OF ARTS
AND SCIENCES.
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published or are in process of publication, reports which leave ours far
behind ; while the surveys undertaken in Europe, even by the smaller
and less favored countries, have been much more thorough and sj’stem-
atic than any executed in this country.

The publications of such a survey as is now proposed should em-
brace a detailed topographical map, on a scale of about an inch to a
mile, maps colored to show the distribution of rock-formations and
economic minerals, with charts on a larger scale of particular local-
ities, having special interest or importance ; sections and explanatory
text to accompanj7 these maps, embracing descriptions and analyses
of the rocks and ores and of the waters, and investigations into the
strength and durability of our building-stones; full descriptions and
truthful illustrations of the animals and plants, including their natural
history, transformations and relations to man and his requirements.

In carrying out the survey the State could take advantage of the
provision made by Congress by which any State undertaking a topo-
graphical survey of its territory is empowered to call upon the United
States Coast Survej7 to jnake the preliminary triangulations, so that
the State is at once relieved of a very important part of the work to
the work to be done. In making these triangulations, the Coast Sur-
vej7 utilizes the experience of local professors and their students ; and
in the same waj7

, it would be entirely feasible, in following the trig-
onometrical with the topographical survey, to emploj7 the services, in
different parts of the State, of the same persons. The survey would
thus become at once a most valuable auxiliary to scientific education,
bj7 giving the j7ounger men in our schools of science and technology
an opportunity to put their studies to practical use.

The material interests of the State call urgently for this survey. A
detailed topographical map on the scale above indicated, accompanied
bj7 tables, representing the land-slopes and the areas of the river-
bottoms, would be of great value in guiding plans of public or local
improvement. The extension of the rocks of the Rhode Island coal-
field into our State makes it important to decide once for all the ques-
tion whether these rocks contain coal-seams of economic value. It
may reasonably be expected that new industries would be seen to be
practicable, and experience has shown that an important result of such
survej7s is to prevent the waste of capital and labor in unfruitful
endeavors, as well as to direct where industries will best flourish;
more advantageous methods of carrying on present enterprises would
be and our natural resources economized; as a single
illustration, the results already reached by the appointment of fish
commissioners maj7 be cited.

But the survey is urged on a still higher ground. The education of
its citizens has always been the cherished aim of Massachusetts.



1875.] HOUSE—No. 40.

There is no societj' of scientific men within the limits of the State, no
educational institution, that can do what lies simply within the power
of the Commonwealth to effect; namely, to furnish old and young,
and especially those receiving a common-school education, with the
means of acquiring a precise and thorough knowledge of nature, as
manifested in the familiar objects about them. To this end your
memorialists urge that the reports under the proposed survey should,
as far as possible, be prepared with special reference to an intelligent
use by the people ; and that, instead of being distributed gratuitously,
they should be sold through the ordinary agencies at a slight advance
npon the cost, so as to enable the State to pay the authors from the
proceeds of the sales, and to recover the greater part of its original
outlay, without placing the books beyond the reach of persons of
moderate means. Such a mode of publication would unquestionably
be the most economical for the State, and the most certain to bring
the books directly and naturally into the hands of those who would
value and use them.

Chakles Francis Adams, President.

Josiah P. Cooke, Jr., Cor. Secretary.
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1830. Governor’s Address. House No. 37, Order of June 18, 1829 ; Re-
port ofCommittee; Resolve for Topographical Survey; Resolve
requiring towns to make surveys.

1881. Governor's Address.

1832. Governor’s Address. Senate No. 6, Stevens’s Report. Senate No.
12, Message of Governor; Stevens’s Report.

1833. Governor’s Address. House No. 36, Report of Committee on Geo-
logical Survey; Resolve for publication of Hitchcock’s Report.
House No. 58, Message of Governor; Reports of Stevens and
Paine. House No. 60, Resolve for reimbursing towns (not
passed?). House No. 62, Message of Governor and three Re-
ports by Stevens.

1834. Senate No. 11, Reports of Stevens and Paine. House No. 23, Report
of Committee; Resolve for new edition of Hitchcock’s Report.
House No. 44, Report of Committee; Resolve for further appro-
priation. House No. 76, Report of Committee; Resolve con-
cerning Trigonometrical Survey and further appropriation.

1835. Governor’s Address. Senate No. 3, Borden’s Report. Senate No.
26, Paine’s Report. Senate No. 63, Resolve for distribution of
Geological Report.

1836. Senate No. 11, Paine’s Report. Senate No. 82, two Reports by
Borden.

1837. Governor’s Address. Senate No. 9, Letter from Hitchcock. Senate
No. 80, amendment toResolve for Agricultural Survey, House
No. 23, Report of Committee; Resolve for Agricultural Survey.
House No. 26, Report of Committee; Resolve for new Geological
and Biological Survey; Letter of Dr. Gould. House No. 39,
Secretary’s Report on the expenses of the State surveys.

1838. House No. 52, Hitchcock’s Report, House No. 72, Report of Zoo-
logical and Botanical Commissioners; Resolve for continuation
of survey; Governor’s Letter.

LIST OF THE DOCUMENTS OF THE GENERAL COURT

RELATING TO THE FORMER SURVEY.
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1839. Governor’s Address. Senate No. 69, Report of Committee on Map.
House No. 11, Report on cost of Survey.

1840. Senate No. 15, Coleman’s Report. Senate No. 36, Coleman’s Report.
Senate No. 49, Report on cost of Map; Resolve for further
appropriation. House No. 19, Borden’s Report. House No. 54,
Borden’s Report.

1841. Senate No. 29, Report of Committee on Map; Resolve for further
appropriation. House No. 9, Report on cost of surveys, with
numerous accompanjung documents.

1842. House No. 13,Report of Committee on Map; Resolve for its publica-
tion.

1848. Senate No. 46, Report of Committee on Map; Resolve for printing
and distribution.

1844. House No. 47, Report of Committee on Map; Resolve for distribu-
tion.




