TIIE

NATIONAL GEOGRAPHIC

MAGAZINE.

IHORF FaRETED
AD.\3L0

FUBLIGIYD WY e
NATIONAL GEOGRAPHIC SOCIETY,

WASHING' TON, 1L

FhPRg T

D T il il . . e i e e— e —— i e e— | T " e = - - -

rice 3 Cénla.




OONTENTS.

ﬁmmw:-mm . . &
Introductory Addres by the Pre=ident

ﬂmh;nphhﬂﬂhuhhﬁmhnhluﬁhlﬂnn Wm.H,DHll-
Ehﬂﬂnﬂmdunnguﬂdumhrm W. 3, Meliee.

The Grisl Storm of  Margh 31 to 04, 1898 .!-.' W. Gresly,

Evervtl Havdai . i e
Thn Susrvey of the Const : I:'[ﬂhwlnliﬂmhm s
The Survey and Map of Massachumtis © Hepry Gaonett -
Procislings of the Nitional Geographio Sccisty
Hlﬂulﬂﬁui!nphhﬂuﬂvtr

Cortiflaate of Incorparation

By-lawws . . .

List of Offloems, 183K

Lit of Mombers . . . . . o« . T

“Iml*miﬂmmﬂ;ﬂ.-ﬂ

A 5808 C e

EEXS









ANNOUNCEMENT.

Tox “Namosar Geocraron Sociery ™ has been organized
“to increase and diffuse geographic knowledge,” and the publ-
cxtion of a Magazine has been detormined upon as one méans of
necomplishimg these purposes.

It will contain memoirs, gesays, notes, carrespondence, reviews,
ete,, reiating to Geographie matters,  As it is not intended to be
simply the organ of the Socicty, its pages will be open to all
persons interested in Geography, in the hope that it may beeome
a channel of intercommunication, stimulate geographie investigs-
tion and prove an acceptable medium for the publication of
reanlts,

The Maganne is to be edited by the Society. At presant it
will be 1zsned at irregular intervals, but as the 2ouroes of infor-
mation are nercased the numbers will appear periodienlly,

The National Capital spems to be the natoral and appropriate
ploce for an association of this chaeacter, fand the aim of the
founders has been, therefore, to form s Nationsl rather than a
loeal society,

As it 18 hoped to diffuse as well as to merease knowledges,
due prominenees will be wiven to the edocentional agpect of roo-
graphie matters, and efforts will be made o stimulate an
interest in orginal sourees of information.

In addition to arganizing, holding regular fortnightly meetings
for presenting scientific and popular communications, and enter-
g upon the publication of a Magazine, considerablo progress
hag been made in the preparation of a Physical Atlas of the
United States,
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The Soviety war organteed in Janunry, 1885, under the laws of
the District of Columbia, and has at present an active member-
ship of about two humdred persons, But there is no limitation
vo the pumber of mombers; and 1t will welecme both leaders and
followers in geogruphic seiemes, in order to better aecomplish the

objects of its organizstion,

Oetober, 1065,

Correspondence with the Society shoald be addressed to Mr.
Grorar Kmswaw, Corresponding Secretary, No, 1318 Massa-

chusotts Avenme, Washington, D (0,
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INTERODUCTORY ADDRESS,
BY THE PrREsIDEST, MR GaRbiNenr . HUBBAND.

I am not n setentific man, nor ean I lay olaim to aoy special
knowledge that would entitle me to be called a * Geographer.”
I owe the honor of my election as President of the National
Geographie Boviety simply to the faot that 1 am one of those
who desire to further the proseeution of geographio research. |1
possogs only the same general interest in the subjeot of geog.
raphy that should be felt by every ednoated muan,

By my election yoo notifly the public that the membership of
our Society will not be confined to professional geographers, bint
will inelude that large nomber who, like myself, disire to pro-
mote special resenrches by others, and to diffuse the knowledge
50 gpained, amoog meh, so thiit wa AV all know more of the
world upon which we live.

By the establishment of this Society we bhope to bring to-
gether (1) the seattéred workers of owr country, and (2) the
persons who desire to promote their researches. In union there
is strenygth, and through the medinm of a national organization,
we may hope to promote geographis research in a manner that
conld mot be sccomplished by seattered individuals, or by local
societiea; we may also hope—through the same agency—to dif-
fuse the results of geographic research over a wider aresa than
would otherwise be possible,
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The position to which I have been called has compelled me
to become a stndent.  Since my election 1 have been trying to
lenrn the meaning of the word * geography,” and something of
the history of the science to which it relstes. The Greek origin
of the word (yn, the carth, and ypegry, deseription) betrays the
woiiree from which we derived the sclence, and shows that it
relates to a deseription of the earth, But the “earth ™ known
to the Greeks was a very different thing from the earth with
which we are noquainted.

To the anclent Greek it meant land—not all land, but only »
limited territory, in the centre of which he lived. His earth
eomprised simply the Persinn Empire, Ttaly, Egypt snd the bor-
ders of the Black and Mediterranean seas, besides his own ocun-
trv. Beyond these limits, the lamd extended indefinitely to an
unknown distanee—1ill it reached the borders of the great ccean
which completely surroundod it

To the members of this society the word “ earth ™ snggests a
very different idea, The term arouses in our minds the concep-
tiom of nn enormons globe suspended in empty space, ane side
in shadow and the other bathed in the rays of the sun. The
onter surface of this globe consists of a uniform, unbroken ooean
of air, eneloging another more solid surface (composed partly of
land snd partly of water), which tesms with countless forms
of animal and vegetable life. This is the carth of which geo-
graphy gives wr o desoription

To the ancionts the earth was a fist plain, solid and immovable,
and surrounded by water, out of which the sun rose in the east
and into which it set in the west. To them * Geography ™ meant
pimply a deseription of the lands with which they were ae-
quainted,

Herodotus, who lived about the year 450 B, C., transmitted to
posterity an account of the world as it was kvown in his day.
We look_uopon him as the father of geography as well as of
himtory,  He vigited the known PGS af the carth, nod de-
seribed aceurately what be saw, thos Iaying the foundations of
comparntive geogriphy.

Abount 300 vesrs 15 O, Alexander the Great penetrated into
hitherto unknown regions, conguered India and  Hussia, and
founided the Macedonian Empire. He sent a naval expedition to
explore the coasts of lodia, sceompanied hy philosophers or
learned men, who deseribed the new countries discovered pnd
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the charnoter of their inhabitants, This voyage may be consid-
ered as originating the swivnce of Political Geography, or the
geography of mun.

About the year 200 B. O, Eratosthenes of Cyrene, the keeper
of the Roval Library at Alexandria, became convinoed, from ex-
periments, that the iden of the rotundity of the esrth, which had
been advanced by some of his predecessors, was correet, and
attompted to determine upon eoreoet principles its magnitude,
The town of Cyrene, on the miver Nile, was situnted exactly
under the tropie, for he knew that on the day of the summer
salstice, the sun's rays illuminsted at noon the bottom of a
devp well in that city, At Mexandreis, however, on the day
of the summer salstice, Erntosthenes observisd that the vertical
bnger of o sun-dial cast a shadow st poon, showing that the sun
was nat there exactly overhead. From the length of the shadow
he asvertained the sun's distance from the zenith to be 77 12, or
one-fiftieth part of the cireamference of the heavens: from which
he calealated thar if the world was round the distaner between
Alexundrin and Cyrene should be one-fiftieth part of the cireum-
ference of the world, The distance between these cities was
SO -lrl.:l.rli:u..l, from which he calenlated that the sircumference of
the world was fifty times this amonnt, or 250,000 stadin.  Une
fortunately we are jgnorant of the exact length of o stadiom,
#0 we have no means of testing the aceuracy of his deduction.
He was the founder of Mathumatieal Geography; it became pos-
sithlo through the Inbors of Eratosthenes to determine the loea-
tion of places on the surface of the carth by means of lines cor-
ri*fp-ﬂﬂdi.llg‘ to our lines of latitude and lul:LE_'i!I.u-l.'l-i_'1

CUlaudins Mtolemy, in the secomd century of the Chnstian era,
made a eatalogue of the positions of plans as determined by
Erastosthenes and his suceessors, and with this as his basis, he
made o seres of twenty-six maps, thus exhibiting, at a glanee,
in geographical form, the results of the labors of all .who pre-
ceded him, To him we owe the art of map-making, the ariging-
tion of Geogruphio Art.

We thos see that when RHome becan to mle the world, the
Gresks had made great progress in geography. They already
possesacd Comparative, Politteal and Mathematienl Geography,
and Goographic Art, or the art of making maps.

Then came & pause in the progress of peography.

The Romans were so constantly ovenpied with the practical
affairs of life, that they puid little attention to any other kind of
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geography than that which facilitated the administration of their
empire, They were great rond-luilders, and laid out highways
['r.}m Boime to the farthest limits of thiir 'Fiimi‘-iL"H'li'ilil'-. Mll.[l-ﬁ af
their military roads were made, bat little else,  These exhibited
with aeeuracy the less and grester stations on the route from
Rome to India, and from Rome to the forther end of Britan,

Then came the declive and fall of Koo, and with 1t the com-
plite collapse of geographical knowledge, In the dark ages,
wongraphy practieally ceased to oxist. In the typieal map of
the middle ages, Jorusalem lny in the eentre with Paradise on
the East and BEurope on the West. It was not until the olose of
the durk ages that the spirit of discovery was me-awnkened,
Then the adventurons Northmen from Norway and Sweden
erossed the ocean to leeland.

From leeland they proceeded to Greenland and éeven visited
the mnin-land of North America about the vear 1000 A D,
consting as far south as New England; but these voyages led to
no practical results, and were forgotten or looked upon s myths,
until within a few vears. For hundreds of years geography
made but little advanece—aml the di=coveries of five centures
wors less than those now made in five years. In the fourteenth
or fifteenth century, the mariner’s oompass was introduced into
Eunrope from China, and it then became possible to venture upon
the ocean far out of sight of land. Columbus instead of const-
ing from ghore to shore like the ancient Northmen, boldly set sail
acrosy the Atlantic.  To many of his contemporaries it must have
sepmed madness to ek the Fast by thos sailing towards the
Waost, and we need hardly wonder at the opposition experienced
from bis erew. The rotundity of the earth had beeome to him an
abjective reality, and in sublime faith be pursued his westward
way. Expecting to find the Kast Indies he found America in-
atead.  Five centuries had elapsed sinoe the Northimen had wmade
their vovages to these shores—and their labors had proved 1o
e barren of results. The discovery of Columbus, however, mm-
mediately hore fruit. It woas his genius and perseverance alone
that gave the new world to the people of Europe, and he is
therefore rghuiully entitled to be called the dissoverer of Amer-
ica. His discovery was fraught with coormous consequences,
and it inmugurnted a new era for geograpbie rescarch. The
spirit of discovery was quickened and geographic knowledge ad-
vanoed with a great leap. Amerion was explored ; Africa woas
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ciroumnavigated, Magellan demonstrated the rotundity of the
earth by sailing westward until be resched his starting point
Evervwhere —all over the eivilized world—the spirit of adven-
tore was aroused, Novigators from England, Holland, Franece
and Spain ropidly extended the boundaries of geographical
knowledge, while explorers penetrated into the interior of the
new lands diseovered, The mighty impetus given by Columbus
set the whole world in motion and it has gone on moving ever
sinee with accelerated velosity,

The great progress that has been muade can hardly be realized
without comparing the famous Borgin map, construeted aboot
one hundred yeéars before the discovery of Ameries, with the
modern maps of the same countries ; or Hubbards map of New
England made two hundred vears ago, with the ecovrespondinog
map of to-day. The improvements in map-making originated
with Merentor, who, in 1550 constructed hiz eviindrical projee-
tion of the sphere. But it has been only during the last handred
vears that great progress has been made, Muoh yet remains to
be done before geogmphic art can fully accomplish its mission,

The present century forms 8 dew era o the progress of geog-
rapliy — the eri of organized research. In 1830, the Hoyul
Geographical Society of England was founded, and it already
forms a landmark in the history of discovery, The uris Society
preceded it in point of time, and the other countries of Europe
soon followed the cxnmple. Throngh thess organizations, stu-
dents and explorers have been enconraged and pssisted, and in-
formation svatematically colleoted and areanged. The wide
diffusion of geographionl koowledge through the mediom of
these socioties and the publicity of the discnssions and eriticism
that followed, operated to direot the current of exploration into
the most useful channele, Before organized effort, darkness gave
Wiy Al every step. Faeh olserver added fresh hnuwiuﬂgn tor Lhe
existing store, without nnnecessury duaplication of research. The
reports of discoveries wore disonssed and eriticized by the socie-
ties, and the contributions of all were co.ordimated mto one great
whole.

Ameriea refuses to be beft in the rear.  Alresdly bher explorers
are in every lgml and on every sen. Already she has oontributed
her quotas of martyrs in the frozen north, and has led the way
into the torrid regions of Afrien.  The peopls of Europe,
through Columbis, opened up a new world for us; and we,
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throngh Stanley, have discovered a pew world in the old, for
them.

Mueh has beon done on land—iittle on the other three-guar-
tars of the wirth's surface. But here America bas laid the foun-
dations of & new selenoe,—the Geography of the Sea.

Our explorers have mapped out the surface of the ocean and
disooyvered the great movements of the waters, They have traced
the southward flow of the Arctic waters to temper the climate of
the torrid zone.  They have followed the northward set of the
hented waters of the equator and have shown how they form
those wonderful rivers of warm water that flow, without walls,
througeh the colder watdirs of the sen, till they strike the western
shores of Earopo and Amoerien, and how they ronder habitable the
almost Arctio vomntries of Groat Britian and Alaska. They have
éven followed these warm currents further and shown how they
penetrute the Arotie Ocean to lessen the rigors of the Arctie eold.
Bravely, bt vainly, have they songht for that dgnes fotuss of
l'!'I-ZEIhI-r{'.FH'—'th[' AT ]1-|'|-Iur Eeu—prmiur.ﬂi !‘.l:.’ the action of the
warm waters from the south.

American explorers have sounded the depths of the ocean and
discoversd mountning and valleys beneath the waves, They have
found the great plateans on which the cables rest that hring s
it instantangons communieation with the rest of the world,
They have shown the probable existence of o vast submarine range
of mountains, extending nearly the whole length of the Pacific
Oeonn—mountaing w0 high I:flmt their summits rise nbove the sur-
faow to form islands and archipelagoes in the Pacifie.  And all
this vast region of the earth, which, a few wvears ago, was von-
sidered minhabitable on account of the great pressure, they have
discoyored to be teeming with life.  From the depths of the osean
they have brought Tiving things, whose Hves wers spent under
conditions of such pressure that the clastic foree of their own
buodies burst thom apen belore they eould be brought to the sur
face ; living ereatures whose self-lominous spots supplied them
with the light denied thom in the desp abyss friom which they
sprung—nbyssos 20 dosp that the powerfol rays of the sun eould
only feehly ponetrate to illominate oF warm,

The vxploring vessels of our Fish Commission have discovered
in the deop sea, in one single season, more forms of life than wers
found by the Challenger Expedition in a three years” oruise
Through their agency, wo have studied the geographical distritu-
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tinn of marine life ; and in onr marine laboratories, sxplorers have
studied the life history of the most nseful forms

The knowledge gained has enabled us to breed anil muitiply at
will ; to protect the young fish during the period of their in-
faney—when alone they are lisble to wholesale destruetion—finally
to relesse them in the ocean, in those wnters that are most suit-
able to their prowth. The fecundity of fish is so great, and the
protection afforded thom during the oritical period of theie life so
ample, that it may pow be possible to fesd the world from the
ocenn and set the laws of Matthews at defignee.  Our geographers
of the sea have shown that an acre of water may be made to pro-
duce more food for the support of man than ten acres of arible
land. They have thrown open to cultivation a territory of the
earth comstituting three-quarters of the entire surface of the globe,

And what shall we say of our conguests in that other vast ter-
ritory of the parth, greator in extent than all the ceeans and the
lands put together—the ntmosphere that surrounds iv

Here again America has lod the way, awd laid the foundations
of a Geography of the Air.  But a little while ago and  wo might
have truly gnid with the anolents ¥ the wind bloweth  where it
listoth, und we know neither from whenes i1 oomes nor whither it
gops; hut now our explorers track the wind from poist to poton
and telegraph warniogs o advanee of the storm,

In this department, the Geography of the Air, we have far out-
steipped the nutions of the world,  We have pissod the muih-
periodd of resenrah when the observations of multituded of individ-
unls smounted Lo lintle, from lack of coneentrated netion.  Urgani-
gatinn has been effvoted, A Contral Boreian lins been established
i Washington, and an army of truided observers has baden
dispersed over the surface of the globe, who all observe the con-
dition of the atmosphers gecording to o pre-eoncerted  phan,

The vessels of our navy aod the mercantile marme of our own
and other conntries have been impressed into the service, pnd thos
our geographers of the alr are stationed 0 every land and traverse
the waters of every sea.  BEvery day, at the same moment of ab-
soliites Limiee, Iiil_-‘:l.‘ vbseryve and note the copdition of the stmosphers
at the part of the enrth where they happen to be, snd the lutitade
andl longitiwde of their position,  The eollocation of these observa-
tions gives us a series of what may be termed instamtaneons
I'h'-"“-""l-r"ﬂl-'h* of the eondition of the whole s I!II-IirﬁFI]-l!‘I"L". The c¢i-
ordination of the olsérvations, and their gesgraphical ropresonta--
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tion upon o map, is undertaken by o staff of trained experts i the
Central Burean in Washington, and through this organization we
abtuin n weather-map of the world for every day of the wear
We can now study at leisure the past movements of the stmos-
phere, and from these observations we shall surely discover the
grand lawe that control aerial phenomens, 'We shall then not
only know, a8 we do at presest, whenoe ecomes the wind and
whither it goes, but he able to prediet its movements for the
binefit of humanity. |

Already wo have sttained a wseful, though limited, power of
prediction, |

Our Contral Burenu daily eolleets observations by telegraph
from all parts of this continent, and our experts are thus enabled
to forecast the probabilities by a few hours.  Day by day the re-
sulte are communieated to the pablie by telegraph in time to avert
dismgstor to the mariners on our eastern const, and facilitate agri-
enltural operations in the Esstern and Middle States,

Althongh muny of the predictions are still falsified by events,
the percentage of fullilments bas become o large ns to show that
continted researeh will in the future givie ua fresh forms of pre-
diction amd inorease the usefuluess of this branch of sclence Lo
mankind.

Tn all departments of geographical knowledge, Americans are
al work, T-IH!'}' v 1huerhuﬂ themsolves into the front rank and
they demand the best efforts of their countrymen to enecouragre
and sapport,

When wo embark om the great oceun of discovery, the horizon
of the unknown sadvances with ns wmed surrounds us whersver we
g, The more we koow, the greater wi find is ourignoranes,
Because we know s little we have formed this society for the in-
grense and diffusion of Geographieal knowledge.  Becauss onr
subjeot 18 so large we have orgaoized the society into four broad
geetions: relating to the geography of the land, IL G, Ogden, viee
pwnidvni  the sen, J. T Bartiett, *fil_'i:allh.‘ﬂiulll."nt « the mir, A, W,
Greely, vice-president 5 the geographie distribution of hfe, C. H.
Merriam, vice-president; to which we have added a fifth, relating
to the nhatruvt seience of reographie art, ineloding the art of mup-
making ete,, A. H. Thompson, viee-president ; our recording atiel
corresponding seeretaries are Henry Gannett and Goorge Rennan,

We have been fortunate fudeed to seonre as Vice-Presidents
men learmed in each departmaont, and who have been I!Ery.-lﬂnﬂ}-'
identified with the work of resenrch,
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GEOGRAPHIC METHODS IN GEOLOGIC
INVESTIGATION,

By W, M. Davir

OTTLINR,
Detinition of Geography and Geologr—Ceogmaphis Metheda in Gaclogy— Hutton
am] Tyoll—Marne deposits seplaios] by existivg processes revonl the history
ol the asrth—A merican Topogriphors—First Peonsylvamia Burvey ; geographie

form a8 the ro=ult of extinet processes— Westorn Burveys; geographic form
explained by existing processes reveals the history of the esrth—Deductive

Topoeraphy—Opmiparison with Palmoniciogy —Geogmphic Individuals—Claasn-
ticution acoording to strooture—Ideal cycle of regular development—Inormp-
lione i the Simpls Idoal Cyole—Geography moeds ldeal types and technicsl
erma-—Compnrisen with the bislogical eciences—Tasching of Geosraphy—The
water-falls of Northausters Pennsylvania a2 exanples of deductive stindy—
Hystomatic Gengraphy.

Tur history of the earth eludes among many things an
secount of 1ts structure ad form st suceessive times, of the pro-
cesses by which changes in its seructure and form have been
prodoced, and of the causes of these processes,  Geography is
acoording to ordinary definition allowed of all this only on
secount of the present form of the earth, while geology takes all
the rest, and it 8 oo reserlly the case that even the present
form of the enrth 35 Insufficiently examined by geographers
Geographic morphology, or topography, is not vet developed nto
& Retenee,  Bome writers seem to think it a division of geology,
while gealogists are as a le too much ceoupied with other mat-
ters to wive it the attention it deserves. It 18 not worth while to
cimbarriss ane's af_.udy byt much definition of its subdivisions,
but it is clearly advisable in this case to ke such steps as shall
hasten a eritical and minute examination of the form of the
carth’s surface by geographers, and to thif end © may serve a
useful purpose to enlarge the Hmited definition of geography, as
given above, and insist that it shall inclode not only o deseriptive
ond statistical secount of the present surface of the-earth, but
also & systematic classifieation of the features of the earth’s sur-
face, viewod as the results of certain provesses, acting for various
periods, at different ages, on divers struotures,  As Mackinder of
Oxford has recently expressed it, geography is the study of the
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present in the light of the past.  Whin thus conceived It forms o
fitting complement to geology, which, as defined Dby the same
author, is the wtudy of the past in the light of the present. The
atudies are inseparable and up to.a certain point, their ph¥sicnl
aspents may be well followed stogether, upder such a name as
physiorraphy,  Specialization may then lead the student more to
one stibject than to the other,

An llusteation from homan history, where the stody of the
past and present has a siogle pame, may serve to make my moeg-
ing elear in regard to the relation of the two parts of terrestrial
history, which have different nomes, A deseriptive and statisti-
cal aecoint of o people ns at present existingg, sneh as that which
our statistical atias of the last Censas gives in outline, corr-
spemids to geography in its ordinary lmitation. A ressonablo ex-
tenszon of such an gocount, introducing o consideration of antece
dent conditions and events; for the purpese of throwing ligrht on
existing relations, represents an expandod conveption of grogra-
phy, The minute study of the rise and present condition of any
single industry wotld correspond to the managraphie aceonnt of
the developmient of any simple group of geographic forms.  On
the other hand, history taken in its more genernl aspects, inelod-
ing an ingquiry into the ennses and processes of the rise and fall of
ancient “ﬂ-i'l'-“'“‘- unswers Lo gﬂu[-_ul.' = and an neconnt of some
brief past stage of history is the egquiv nlent of paleograpliv, a
sithjoct at presont very little stadied and seemingly destined
alwive to csenpe sharp determination. [t 15 manifest that
greology and geography thus defined  ave parts of a single great
subject, and must non be considervd imdependently.

Hmt,unr beespme n selonee when it oniETmw  mery narration il
sparched for the canses of the facts narrated § when it censed to
acenpt old narratives as abeglute records and judged them by
ariteria derived from our knowledge of human nature pe we see
it at present, bt modified to aceord with past eonditions,

Geology beeame a seivnce when it adopred geographic methaods.
The interpretation of the past by mesns of 4 study of the pnﬂiﬂt
proves to be the only safe method of reologie Investigation.
Hutton and Lyell may bo numed us the promivent leaders of this
gehool and if we admit a reasonable modifiostion of their too
pranounced uniformitarianism, all modern geologists are their
followers:  The direovery of the conservation and correlution of
energy gives mlditional support to their thesis by ruling out the
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gratuitous sssumption of great results from vague eanses.  Canses
must be shown to be not only approprinte in quality, but suf-
ficient in quantity before they can be safely secepted.  But the
geagraphio argoment as expounded by the English school deals
ulmost entirely with processes amid negleots o large elpss of regulis
that follow from these processes.  Much attention is given ti the
methods of transferring the waste of the lamd to the sea and
dopositing it there in stratified masses, from which the history of
mucient lands is determined, But the forms assumed by the
wasting land have not been sufficiently examined. It was recog-
nized in o generdl way that lapd forms were the prodnet of denn-
dation, but the enormous volume of material that bad been
washed off of the lands was hardly appreciated, and the frest
significance of the forms developed during the destruetion of the
land was not perceivad.

Hutton says a little about the relation of topography 1o strue-
ture; Lyell siys less. The svstematio stady of topography i
lorgely Americnn.  Therv §s opportunity for it in this eountry
that is not easily found in Eorope,  The advanee in this study
has been made i two distiner stops ; first, n the Enst about
1840 5 second, in the West about 1870, The first step was taken
iy that historic docade when our early State surveys socomplishid
their groat work, The Pennsvlyuiia surveyors then developad
Il}jﬂtgmph}* into 8 sefenee, ns Lnﬂ]u-:..' telld us &6 r_-]n.lur_-nt]:,- in his
rave little book # Cloal aud its lopography,™ 1850, whicl deserves
ter be bromght more to the sttention of the younger seograpliers
and - geologists of toodny. It presents in brief and plotaresgue
form the topographival vesults of the first geologieal survey of
Pennsylvanin. Tt shows how Lesley and tha other moembers of
that survey * boeame not mineralogists, not miners, not loarned
n fossils, not geologists in the full sense of the word, hat tapog-
rapliors, pnd topography became o scienoe and was retarmed o
Europe and presented to geology as an Ameriean invention:
The passion with which we studied it is inponeeivable, the details
mte which it leads us were infinite.  Fvery township was a new
monograph,” (p, 125.)  Seme of the finest grroups of camoes and
eigeags developed on the folded beds of the Pennsylvania Appo-
lachinne are Mustentod from studics made by Henderson, Whelp-
ley and MeKinley, and thiey certuinly desorve the most attentive
examination. [ often feel that they have been of the grentest
assistance i my own fiell work, especially in the efforts T have
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maide to discover the structural arrungement of the Triassic lavn
shoets in the Connectieut valley, But although the intricacies of
Appalachian topography were then elearly seen to depend on the
complications of Appaluchian structure, the process of topo-
graphic development waz not at that time discovered. “The
only question open to discussion is," says Lesley, * whether this
planing down of the crust to its present surface was o secular or
an instantaneous work ™ (p. 182), and e decides in favor of the
Iatter alternative., He adds, that to the field worker, *The rush
of an ocean over a continent . . . . . leads off the whole procession
of his facts, and is indispensable to the exercise of his sagacity at
every turn™ (p. 108). *The present wuters are the powerless
modern representatives of those ancient floods which did the
work ™ (p. 1561},

It is not the lenst in any spirit of disparagement that 1 quote
these eataclysmic views, now abandoned even hy their author,
Groat generalizations are pot often completed at a single step,
and it i= enough that every effort at advance should have part of
its movement in the right dircetion. What [ wish to show 18
that topographic form was regarded in the days of our eastern
surveys, even by our first master of American wopography, as a
completed product of extinet processes. Topography revealed
stracture, but it did not then reveal the long history that the
structure hins passed throngh, The sutielinal valleys, hemmed in
by the even-topped sandstone mountains of middle Pennsylvuma,
wore found to tell plainly enough that a vast erosion had taken
place, and that the resulting forms depended on the structure of
the eroded muas=, but it wis tacitly understood that the Tand stood
at its present altitude doring the erosion,  The even crest lines of
the mountaing and the general highland level of the dissected
platenu farther west did not then reveal that the land had stood
lower than at present during a great part of the erosion, and thus
the full lesson of the topography was not fearned. The system-
atie relation of form to structore, hase level and T.i.l:lll!'; the
-n'i]m].g_-u af ﬂmﬁjngr areas 'I:I-J.' contest of headwaters st diﬁdm;
the revival of exhousted rivers by massive elevations of their
drsinage areas ; all these consequences of slow adjustments were
then unperceived. In lnter yesrs there seems to be u general
awakening to the great value of these principles, which mark the
second stage in the advance of seientific topography, referred to
above,
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Tt is not ensv to eketeh the history of this awakening. Bam-
say yenrs ago contributed sn element in his explanation of plains
of marine denndation ; Jukes opened the way to an understand-
ing of eross yalleys ; Newberry excluded fraotures from the pro-
duction of the most fracture-like of all water ways: and ouor
government sirveyors in the wistern territories have fully devel-
apeid the all important ides of hase level, of which only o brief
and mmperfect statement  had previonsly been durrent. | eanmot
sny how far Enropean geographers and geologists would b will-
ing to plnce the highest valoo on the lnst nnmed element 3 to mo
it takes the place of Leslev’s ocean flood, in leading off the whaole
procession of outdoeor faets. It is indispensable st every torm,
Recently, mention shoold be made of Lowlk of Pragne, who has
done #0 mueli to explain the development of rivers, and of
MeGee, who has explicitly shown that we must “read geologie
histary in erosion as well as in deposition,”

If it he troe that the greater purt of this seeond mivanee 1=
American like the first, it must be aseribed to the nntural appor-
tunities allowed us, The topographers of the Appalachians had
a field in which one great lesson was repested over aml over
aguin and forced on their sttention.  The patehwork strueture of
Europe gave no such wide opportunity. The survevors of the
western territories ngmin found broad regions telitng one story,
and all 6 pluinly written that he must ron far shead who reads
i, It 1= to thi= opportunity of rapid discovery and interpretation
that Archibald Geikie alludes in the preface to the recent second
edition of his charming volume on the * Scenery of Seatlnmd,”™
He says that since the book first appeared he has séen many parts
of Europe, “but above all it has been my god fortune to inve
been able tu extend the rescarch into western Americs, and o
have learned more during my monthis of sojourn there than dur-
ing the same nomber of yedrs in the Old Countre,” (. vil)

(har Imﬁitinn now 18, therefore, while stroctore dotermines form
gs onr earlier topographers tanght, and while form-producing
processes are slow, as had been demonstrnted by the English
groalogists; that the sequence of forme assumed by o mven struet-
ire during its long life of wsste is determinate, and that the
early or young forms are recognizably different from the mature
forms and the old forms. A young plain is smooth.  The same
regrion at a latter date will be roughened by the channeling of its
larger strenms and by the inerease in number of side branches,
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until it comes to “matarity,” that is to the greatest variety or
differentintion of form, At n still later date the widening of the
valleys consimes the interviniog hills, and the form becomes
tamer, until in ®old age™ it returns to the simple plain surface
of “*wouth” Young mountaing possess struotural lnkes and are
drained largely by longitudinal vallevs ; old mountsing bave no
such lakes and have transverse drainage, formed as the growing
hesdwaters of externil streams lead out much water that form-
erly followed the lemgitndinal valleys,  Young rivers may have
falls on tilted beds, bot such are short lived.  Falls on horizontal
beds are common and survive on the headwater branches of oven
mature rivers.  All falls disapponr o old rivers, provided they
are not resuscitated by some acoident in the normal, simple ovels
of river ife. The phasces of growth are as distinet ue in organic
forms, As this idea has grown in my mind from reading the
authors above named, meography has guined o new interest.  The
differont parts of the world are brought into nstural relations
with one another; the interest that change, reowth and life had
before given to the biologie selences only, now extends to the
study of inorganie forms. It matters not that geographie growth
ix destruetive ; it involves a systematic change of form from the
enrly youth to the distant old age of a given structure, and that
15 emotigde, It matters oot that the change is too slow for us to
g 118 progress in any single strooture,  We do not believe that
an osk rrows from an seorn from seving the Tull growth accom-
plished while waiting for the évidenee of the Tnet, bat because
]H‘iﬂiy by annalory with plants of qttit!ﬁ.‘-r development, partly by
the sight of vaks of different ages, wo are convineed of a change
that we seldom wait to see, 1t is the same with geographie forms.
W find evidence of the wasting of great mountaing 1n the wast-
me of little mounds of sand ; and we may by searching lind exam-
ples of voung, mature and old mountains, that follow as well
marked a sequence as that formed by small, full grown and
decaying oaks, If the relative positions of the membors in the
HeuEney i not manifest an frst, we have the mental plessure of
gesrching for their true sreangement,  The face of nature thos
becomes alive and foll of expression, and the conception of it=
change becomes so real that one almost expeots o & tha ahange
in suecessive visits Lo ono place,

Now consider the deductive applicstion of this prineiple.
Having recognized the sequence of forms developed during the
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wasting life of a single structure, reverse the conception and
we have a powerfal geographic method for geologie investiga-
tion, On entering o new country, apply there the prineiples
learned from the induetive stody of familiar regions, and moch
past history i revenled ; the age of monmains may be deduced
from their form as well as from their rocks ; the altitudes at
which a district has stooed may be determined by traces of its
old base levels, of which we learmm nothing from the ordinary
routing of geologic observation, that is;, from & study of the
stricture wnd age of the rocks thomselves,  The prineiple is eom-
monly emploved nowadsys, but ite methods are not formulnted,
and its full value is hardly yet pereeived. Heim has found traces
of supcessive clevations in the Alps;, proved by incipient base
levels at severnl consistent altitudes on the valley slopes. New-
berry, Powell and Dutton bave worked out the history of the
platean and cafion region from its topography: Chamberlin and
Sulishury write of the yomng and old ropographic forms of the
drift-coversl and the driftless areax in Wisconsin ; LeConte and
Srephenson have interpreted chapters in the history of California
and Pennaylvania from the form of the valleys,  Hecently Me-
Gee has added most interesting ehapters to the history of our
middle Atlantie slope, in an essny that gives admirable practical
exposition of the geographie methods. In the light of these
original and suggestive studies one miy contemd that when
geogryphie forms in their vast variety are thus systematically
interpreted as the surfice features of a8 many structures, belong-
ing to a moderste oumber of families and having expression
chamoteristie of thetr age and neoidents, their olévation  and
opportunity, then geography will be for the wasting Lands what
paleontology has come to be for the growing opgean floors.

An interesting comparison may be drawn here.  Fossils were
first gathered und degerilwad s individusl  specimens, with no
comprehension. of their relationships ani their signifioance, It
wae later fouml that the fossils in a certain small part of the
worlid, England—that wonderful epitome of geologie lastory—
were arranged in geguenecs in the bedded rocks containing them,
certiin groups of forms together, suceessive groups in shelves, as
it were, one over another,  Then it was diseovered that the loeal
English seale had a wider application, and finally it has come to be
secepted a5 a standard, with certain modifirations, for the whole
world. The exploring geologist does not now wait to learn if
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a formation contaiming trilobites underlies another contaiming
ammonites, but on finding the fossils o the two, confidently and
ns. far ps we know correvtly coneludes that such is their relative
position, Thus the sequence of submanne processes is made out
by the sequence of organic forms  In brief, palmontology has
passend largely from the indoetive to the deduetive stage.

The geagraphor first regarded the features of the land as com-
pleted entities, with whose origin he was in no wise concerned,
Laster it wis found that some cobeeption of their origin was im-
portant in appreciating their present form. but they were still
regitided a8 the peodoct of past, cxtinet processes; This view
has been in turn displaced by one that consulers the fentures of
the lund s the present stago of o long evele of systematically
chnnging forms, seulptured by processes still in operation, Now
reoogmiging the sequence of changing forme, we may determing
1.|u-_- 'Iqlun:- !‘.Im.l.' Wy _gi'r{;'in: fp;l.iun- m'ifl.llﬁll.n 1 Lluis wepntiee e SV TR FIM L
through wlich it must pass jooita whele eyele of development,
And then reversing this concoption we nre just heginning to de-
duee the past history of 8 disteiot by the degree of development
of 1ts features. Geography is, in other words, entering o de-
duaetive stuee, like that alveady resched by palsontology.

The autecedent of deductive hljlllm‘nph}' i the svstenuati
study of land gemreaphy,  Tho sarface of the land 5 made up
of many more or less distinet gepgraphio individoals, vwery indi-
vidunl consisting of a single structure, contaiting many parts or
features whose expression viries is the procésses of land senlpture
earry the whele through its loug eyele of life. There is endless
variety among the thousands of struetnres that compose the land,
bt after recogniving o few large structurnl famalies, the romain-
ing differvness may be reteded as individual.  In o given fumily,
the individuuls prosent great differences of expression with age;
us botween the vigorous relief of the young Himalaya and the
stlined forme of the old +'||.iill.uiﬂvhiu.1r:53, or with olevation over
huise lovel, as between the gentle plam of the low Addantic eosst
and the precocions high platenus of the Colorado river megion
or with opportunity, as between the last named plateans with ex-
terior deninage and the high plaons of the Great Basing whiose
waters have no escapee save by avaporation or high level overflow ;
or with complexity of history, as between the immature, unde-
veloped valleys of the lava hlock country of sonthern Chregon,
andd the onee empty, then gravel-filled, and now deeply terraced
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inner vallevs of the Tlimalava, When thus studied, the endleoss
variety of the topograpby will be considered in its proper
relations, and it will not seom as hopeless as it does oow o
gain n rational anderstandiog wod approciation of  peographio
morphology,

We shouldl Aret revogniee the fact that a geographie individual
is am sren, lorae or smull, whese surface form depends on n single
structure, Boundaries may be vague, different individunls may
be Blended ar even I!.IiI'IJ-EI"F-Il.rH-I.‘lL bt i h]‘.lill" o the indefniteness,
the attempt to sub-divide g region into the individoals that vom.
pose it will be found very profitable.  In o large way the Appa-
Inchian pletean is an ndividunl @ the Adirondaseks, the terminal
mworgme of the second glacial epoch are others.  Inoa small wav,
a drumbin, a fan delts, o mesa, are dividoals.  The linear
plateaus of middle Pennsyvivamia are hybrids between the well-
ﬂ.["n'ﬂtl.rlmd linear ridees of the mountams farther cast amnd the
irregular platean masses further west,

A rough classification of geograplic individuals wonld group
them under such headings as plains, platesus, and rough broken
cotntries of horizontal steaoture ; mountaing of hroken, thlted or
folded strueture, menerally having o distinet linear extension ;
voleanoss, indluding all the parts from the bottom of the stem or
peck, up to the lateral subterrancan expansions Known s lacedo-
hites, and to the surfnce cones and Qows; glacial deoft 3 wind
drift.  The agents which accomplished the work of denudation
are aleo susceptible of classification ; nivers necording to the ar-
rangement of their branches, and their imperfoctions in the form
of lakes and glacivrs, The valleys that nvers determine may he
considered a8 the converse of the lands in whieh they are cut 3
and the waste of the land on the way to the sea s susceptible of
careful diserimination ; local soil, talus, allovial deposits, fan
cones arnd fan deltas, flood plains and shore deltaz,  Their varia-
tions dependent on elimatic conditions are of especial iImportance,
The structurss formed along shorve lines are also significant,  This
list is intentionally bref, and the line: between its divisions are
not sharply drawn. It undoubtedly requires discunssion and eriti-
cism before adoption. It differs but slightly from the sommon
geographie stock in trads, bot for its proper application it reguires
that the geographer should be in some degree a geologist.

The changes in any geographic individual from the time when
it was offered to the destruetive forees to the end of its [ife, when
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it 1= worn down to o fentoreless base level surface, are worthy of
the most attentive study.  The tnmaturiiy of the broken country
of southern Orepon, 88 compared with tho moro sdvanged forms
of the Basin romeres, 15 0 cnse in hand.  The Triassie formption
of the Connecticut valley 15 in some ways of similar stroctore,
being broken by long parallel faults doto oarrow blocks or slabs,
every bock being tilted from ite original position,  Bossell’s de-
seription of the blooks i sonthern Creegon would apply nicely to
thowe in Connceticut, eEcpt that the former have diverse dis-
placements, while the latter all dip one way ; but the Connesetiont
individual has, | feel contident, passed throngh one evele of life
nnd has éntered well on o seeond : it has onee Been worn down
newrly to base lovel sinee it was broken aod fualted. and subsee-
guent elevation at a rather remote period has allowed good ad-
vaneo i a repetition of this process.  The general aniformity in
the height of its trap ridges and their stropg relief above the
present broad valley hottom, require ns to sappose this complex-
ity of history. A given structure may therefore pass through
two or more successive cveles of life, and before considering the
resulting composite history in e entirety, it wonld be hest to
exnmine cases of simple development in a sdngle ovele.  After
this 1 necomplished, it would be pessible to recognize the incom-
plete partinl ¢veles through which a structure has passed, and to
refir vvery dotatl of form to the evele in which it wus produced.

The most elemntary example that may be chosen to illustrate
a simple eyele of geographic life is that of a plain, elevated to
a moderate height above its base Jovel, The case has already
heen referred to here and is given in more detail in an article
printed in the proseedings of the Americun Association for the
Advavcement of Seence, for 18584, towhieh 1 would now refer,
When the suceession of forms there desoribed as developed at o
given elevation over base level is elearly purceived, the ocenrrence
of forms dependent on two differvnt base lovels in o single region
cun earily be recognized.  The most striking example of such o
complex case that I know of is that of the high plateaus of TTrah,
as described by Datton.  Northern New Jersey prosents another
¢xample less striking but oo less valuable @ the general upland
surface of the Highlands is an old base level, in which wvalleys
hawve been out in consequence of a subsoquent elevation, The
platean developed on the tilted Triassic beds about Bound Brook
% 4 second base level, ent during a4 halt in the rige from the



(reagraphic Methods in Eﬂﬂ&*gfc Tnvestigation, 21

previous [ower stand of the land o its prosent elevation,  There
15 n parnble that illnstrates the principle here presented.

An antiquary enters a studio and finds a senlptor at work on n
marhle statue, The design is a5 vet hardly perceptible in the
rough cut block, from which the chisel strikes off large chips at
every blow ; but on looking eloser the antiquary disoovers that the
Woek 1taplf 12 an old torws, broken and weather begten, and at
oice his imagination runs back through its earlier history
This I not the first time that the marble has lain on o sealptor’s
table, and sufersd the steong blows of the first rough shaping.
Long ago 1t was chipped pod out and  polished  into shape, and
perhaps even set up in its completed form in pome garden, but
then 1t was neglected and badly osed, thrown over and broken,
till its perfect shape was lost, and it was sold for nothing more
than a murble block, to be carved over agam if the sculptor sees
fit., Now it just beginning its second coreer, We may find
many parallels to this story in the land about us, when we study
its huatory through its form.  The sequence of events and conse-
quently of forms & so gpparent bere that no ope could have
difficulty in interpreting history from form, and it shall come to
be the same in geography,  The gorpe of the Wissaliickon
throngh the highland northwest of Philadelphia oan liave no
other mterpretation than one that likens it to the first guick work
of the sealptor on the olid torseg.

An essontial as well as an advantage in this extension of the
study of geography will be the dufimition of types and terns,
hoth ehosen in aceordance with a rational and if possibile a natural
syatem ol classifieation.  Types and terms are both already -
trogdopeid into peopraphie study, for it very cloments present
them to the begimner in o sinple and eather vagus way @ mioun-
tains are high and rough @ Jakes are bodies of standing water,
and w0 oon, It ois to sueh types and terms as these that every
schalar must continually roturn as he resds accounts of  the
world, anid it is to he regretted that the types are vet so poorly
chosen and so imperfectly illustrated, and that the terms are so few
aned so insufliciont, Phyeleal geograpby is particulirly deficaent in
these respects, anid needs to be groatly modified in the light of the
madern advanee of topography  General aceounts of continental
lissmilogies of eourse have their interest and their value, Finid 1]!11'!.'
pre of the kind that would pesociate whales with fishos and bats
with birds. The kind of reform that is pesdod here may be prer-
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getvod from that which has overtaken the hiologeal sclences
The better teaching of these subjects lavs representative forms
before the stodent and requires him to exsmine thelr parts
minutely, The importance of the parts is not judged mercly by
their sige, but by their significange also,  From a real knowledge
of these few types and their life history it i= casy to sdvanee in
sehool davs or afterwards to o rational  onderstaoding of @ groa
number of forme, Few students ever oo so fur in schoal as o
stid v the forests of North Ameriea or the fauna of Seath Amer-
ien. It e suffivient for them to g:LEﬂ a Tnie uuqu.niul_:l.um with n
wood number of the tvpe forms that make up these totals. It b=
quite time that geography should ss far as possible be studied in
the same way,  Noschool boy can gain o comprebensive tden of
the structure of n continent antil e knows minutoly the individ-
ual parts of which continents are composed.  No explorer ean
perevive the full meaning of the country he traverses, or record
hi¢ nbservations so that thpﬁ.’ can be read intelligently by others
until he is fully vonversant with the features of grographie types
and with the ehgnges in their expression as they grow old,  Both
gehidar and explorer shonld be trained in the examination and de-
soription of geographic tvpes, not necessarily copies of actual
places, before attempting to study the physical features of u
country composed of o large number of geographic midividuals.
When thus prapared, goography will not only serve in geologio
imvestigation, it will prosper in ite proper fiold as well,
Geographic deseription will become more and more definite as
thy obeerver has more and bhotter type forms 1o which he may
liken those that he finds in his explorations, and the resder, taught
fromm the same types, will gather an intelligent appreciation of
the pheerver’s meaning.  Take the region north of Philadelphia
above referred to.  Having grown up npon it, I ealled it a hilly
country, in accordance with the geogmphie lessons of my school
daye, and continned to do so for tﬁnt}' vears o more, until on
opening my eves its real form was perceived. It is # surface
worn down nesrly to & former baso lovel but now diversified by
ramifving vallevs, ent into the old base Jevel in consequense of &
sutmequent but not very ancient elevation of a moderate amount,
Matunty is not yvet reached in the presont eyele of development,
for there i still muech of the old base level surface remaining,
into which the valleys are gnawing their head ravines and thus
increasing the topographic differentiation.  Perbaps not more
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than a sixth of the total mass above prsent base level is vyt cons
sumedd,  To say that aeonntry is hilly gives so wide s range o
the 'h]]ﬂ“‘i“ﬂtip'l-“ that no correst :'I1'|'||':-I|.lr.|t"|ll'|1 of b enn be ;.h'liﬂiﬂl.
but I venture to think that one who understands the torms used
ean derive o very definite pnid acdurate coneeption from the state-
ment that o eertuin country i an old, nlmost 1."£|ILI|.'I]L"t|:'ﬂ [THE
lovel, ratsed from one to three hoodved feet; and widl advoaesd
vownrid mitnrity In itg pressot oyele of change.

Tt is from geographic methods thus vonceived that geologio
imvestigation will gain assistanee. A= the subjeet i properly
developed it will form an indispensable part of the edueatinog of
every explorer, topographer aml geologist  and m its simpler
chaptors it will penetrate the schouls.  There s no other sulject
in which there s greater digproportion between the nstraction,
:I.:I.-I:Illl'ﬂ!lﬂl]-hl.l!.' carried o, and  tha lemﬂl.lj'lii:k' for ll.[u]:!iw-tiuu L11
after life, The intelligent part of the world is travelling from
place to place tooan extent that our fathers conhl not hinve Rhe-
lieved possible, and vet ot owe porson in ten thousand bas any
weogriphic instruetion that enables him to sec maore than that a
river s larwe or small, or that a kill s bigh or low.  The mean-
ing of geogmphy is s much a sealed book to the porson of ordi-
nary intelligenes and edueation ns the meanimg of a great eathes
dral would be toa baokwoodsman, and vet no enthedral van Le
more suggestive of past history inits many architectural forms
than is the land about ue, with itd innumerable and muarvelously
significant geographio forms. 1t makes one grivve 1o think of the
apportinity for mental enjoyment that i lost beeause of the Ll
ure of education in this respeet.

It may be asked perhaps how ean one be trafoed in geographic
tvpes, seaiug that it Is impossible for schools to travel where the
types ocenr.  This i surely o great and inherent difficulty, but
it may be lessened if it cannot bo overcome,  Good illugtrntions
are hoomuing more and more commun by means of dey plate pho-
togruphy ; maps are improving in number and quality 5 bt the
mast important means of teaching will be Tound in models.  No
g, illustrations or deseriptions can give s clear an idea of
rellef as can be obtained feom s well-made monlel, and with a set
af models, fifty or sixty in number, the more important types and
their changes with age can be clearly understood.  Maps, illus-
trations and desoriptions supplement the models. The mape
should be contoored, for in oo other way eun the (uamntirative
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vilues boe perccived that are essential to good study.  The illus-
trations should be of avtual soenes; ar, if designs, they shiould be
designed by o geographie artist. The desoriptions should wher.
ever possible be taken from original sonrces, in which the nnrra-
tor telle what he saw himsolf, It is; wo be sore, not always possi-
ble to know what kind of » form he deseribes, owing to lnek of
technieal terms, but moany eseful examples can be found that may
then be refirred to their proper place in the system of geozraphie
wlasgification that e adopted,

I shall consider only ane cxample in detadl to show how far
short, a8 it scems to me, geography fails of its great opportamiry,
both ne taught in schools and s applicd in after life,

In northeastern Pennsvivanin thore are several water-falls that
leap over tilted beds of ek, Suel falls are known to ho of rre
ovourrenee, and we may therefore inguire nto the cause of their
rarity and the significanee of their ocenrrence in the region re-
ferred o,

Wo may first ook at the genernl conditions of the ocenrrence
of water-falls.  They imdicate points of sharply contrasted hoard-
ness in the rocks of the stream channel, and they show that the
part ol the cthannel abose the fall hins not el bbirn et dloown 1o
hase level.  When the channel reaches base level thers ean be no
falls.. Now it in known from tho genernl history of rivers tha
only a short part of their Jong lives b= spent o eotting their choe-
vels down to base level, exoept in the case of headwater streams,
which rotain vouthful characteristics even through the maturity
of their main river, Conseqoently, 1t s oot hkely that at any
one timee, o% now, i the lopg lives of our many. rivers, wie shoulid
see many of them i their short-lived vouthful phase.  Falls nre
excoptional and denote immaturity, They endure a little longer
on horizontal bods, which must be cut back perhops many miles up)
stream before the fall disappenrs, than on tilted beds, which must
bt cut down o few thonsand feet nt most to redoee them to hase
level,  Falls on tilted heds are therofore of briefer duration than
on horipomtal beds, and are st any time proportionately rarer. O
the headwater branches of o river where vouthful features such
as wtoep slope and sndden fall remain’ after the main river has o
weoll-matored channel, we sometimes find muny water-falls, as in
the still young branches of the old Ohio.  These are like young
twigs on an old tree,  Bot even here the roeks are horigontal, nnd
not tilted ne in the cases nnder consideration,
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The falls of such headwnter strenms must persist antl the
platean s out away, for the cap rocks ovir which the streams leap
being horizontal cannot be smoothed down till the whole platean
in ent through, They are longdived features, Moreover every
oné of the innumerable branch steeams must on its way down
from the uplands fall over the outeropping ediges of all the hanl
beds, The falls will therefore be common as well as long-lived
features.  Their frequent occurrence confivms the sorrectiess of
this gensralization.  On the other hand, in rewiond of tilted rocks,
the hard beds nre avolded by the stresms, which select the softer
stratn for their vallevs. The hard beds soon stand up as ridges
or divides, across which only the lirge stroams can marntain the
conrsaes, anil thiso are the very ones that soon eat down any fall
that may sppenr in theie early atages.  Falls on tilted rocks are
thisrefore rare not only beecause of their brief durstion, but also
beeanse tilted rocks are orosseil by few strenms, exeept the large
ones, which soon cut away their falls,

The foregoing considerations show clearly enough that falls
like those of northeastern Pennsylvanis are rare, and we bave
now to constder wihy they shonld be prevalent in the region in
puestion,  The Appalachians contain many water-oups ot down
on tilted bods, every ane of which may have been the site of n
fall for o relatively briof period of river immatirity, but this
brief period is now left fur in the past.  The streame show many
signs of maturity: theirslope i= gentle and their valleys pre wide
open from Alabama to Peonsylvamia, but in the northeastern
corner of the lntter Stnte we fmd o gronp of stremms that leap over
high benchies into narrow gorges, and the benches are held up hy
tilted rocks, Manifestly the streams have in some way bheen
lately rejuvenated 3 they have been,in purt of their coursed at
least, thrawn back mte a condition of immaturity, at o tioee oot
long past, aml, as has so well been shown by White, the eause of
this ia the obstrnotion of their old channela by rregnlne deposits
of glavial dnft.  Here fiest in the whole length of the Alleghony
sootion of the Appulachians we find an exceptional condition of
stream life, and here nlso we come mto o region lately wlaciated,
whers heaps of drift have thrown the streams out of their old
tracks. The explimation fits perfeetiy, and if it had not been
discovered by inductive observation in the field, the need of it
might have been demonstrated dedoetively, 1t 1s a case that has
given me moch satisfaction from the promise that it holds out
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of a wide nsefulness for geography, when its forms are systemati-
cally studied and its principles are broadly applied.

A final word as to terminology.  The material eommon to fre-
egraphy and goology may be Included under the name phvsiogra-
phy, a8 useid by Huxiey, It s, I think, n sabject that is destined
to reveive much attenticn.  Physical geography, as ordinarily de-
fined, does not cover the ground that it might fairly claim. It is
too largely deseriptive and statistical,  Geographic evolution, as
defined by Geikie, is the general preparation of existing gongra-
phy by geologic processes. It does not consider the genernl
scheme of topographic development or the natural classification
of geographic forms.

It i= not easy to change the accepted menning of & term, and 1
wonld therefore sugeest that o new term showld be introdueed to
include the elassitfication of geographiv forms, s advoeated here,
ruther thun that any old and accepted torm should be stretehed
Over a4 new meaning.,  As the essential of the stuly bhere ontlined
i= the systematic relation of form to strocture, base level and
time, the new term might be Systemutio Goography.
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THE CLASSIFICATION OF GEOGRAPHIC FORMS BY
ENESIS,

By W, J. McGer

BoteNTIFie progress may be mensured by advanee in the olnssi-
ficntion of phopomenn,  The primitive olassification is based on
external pppesrances, nnid 1s o olsssification by analogies ; a higher
elussification 18 based on internal ps well as external characters,
and is a classification by homologies ; but the nltimate classificn-
tion expresses the relations of the phenomena classified 1o all
other known phenomena, and i85 commonly 8 olussification by
Lenesis

The early geologie classification was based chiefly upon simple
facts of observation ; but with continned research it is found
that the proowsses by which the phoenomens were produced may
I inferred, and, secirdingly, that the phenomena may ba gronped
s well by the agencies they represent as by their own charseter-
isties,  Thus the empiric or formal laws of rolation give plase to
philosophic or physical laws indiesting the casual relations of the
phenomena, and the linal arrangement beeomes genetie, or a
claszification by processes rather than produocts,

The phenomens of geography and geology are identieal, save
that the Iatter setence ineludes the larger series @ sinee the days
of Lyell the geologist has seen in the existing conditions and
agencies of the varth o reflection and expression of the eonditions
utdor which and the agencies by which its development has hesn
effvcted ; the far stretching vista of geologie history is illumi-
nated only by knowledge of the enrth of to-day ; and the stages
in geologie development are best interproted in terms of gpeogra-
phy. 8o genetie classification of geologio phenomena (which
is rendered possible and intelligible throngh geographic researeh)
will apply equally to geography, whether observational or of the
more philusophic nature which Davis proposes to call Systematic
Geography, and which Powell has called Geomorphalogy,  Such
a classifieation is here outlined.

The various processes or movements with which the geologist
has to deal fall naturally nto two principal and antagonistic eate-
gories and five subordinate categories ; and each eategory, great
andd - small, comprises two clagses of antagonistic processes or
movemants,
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The initinl geologic movements (8o far as may be inferred
from the present condition of the earth) were distortions or dis-
placements of the solid or solidifying terrestrial orust, ocourring
in such munner as to produce irregularities of sarface. These
are the movements involved in mountain growth and in the op-
heavel of continents. They have been in operation from the
carlioat. known cons to the present time, and their tendency is
evur to deform the geoid and produce irregularity of the terrestrial
surface.  The movements have been called eollectively “ displaoe-
ment” and “disstrophism,” but in the present. conneetion they may
b olassed as offastafie, or, in the smbstantive form, as oeformmir-
tion, Recent researches, mainly in this country, have imdicated
that eertain dinstatic movements are the result of transferenee of
sediment — that areas of loading sink, and arvas of unloading rise ;
but it is evident that the transference of sediment s itself due to
antecedent diastatic movements by which the losded srens wore
depressed and the unlonded areas olevateid: and the entire cotes
gory may nocondingly be divided into antecodént and conseguent
dlastatic movements, A partiolly coincident division may be
miude into spedrogenie, or continent-making movements {so ealled
by Gilbert), and oregemie, or mouniaip-making  movements
Though there 1» commuonly and ]mi*hlpﬁ nlwayvs a hntizontal com-
ponent in diastatic movement, the more easily messured compo-
netit is vertieal, and when referved toa fixed dotum (e g s level)
it is represented hy sleration and depression,

The second great catogory of geslogio processes somprebonds
the erosion and deposition insugurated by the imtial doformation
of the terrestrinl surface. By these processes continents and
monntains are degraded, and adjacent oceans and lokes lined with
thoir debriz.  They have been in active operation since the dawn
of geologic time, and the processes individually snd combined
ever tend to restore the geoid by obliterating the relief produeed
by deformption. The general process, which comprises oleprin-
dation and deposition, moy b Tl 'Ifﬁlff-rff;t.!ﬂ_

The first subordinate category of movements is allied to the
first principal eategory, and eomprises, (1) the antflows of lavas,
the formation of dykes the extravasation of minernl substiances
in solution, ¢te., (2) the copsequent particle and mass movements
within the vrust of the enrih, and {(3) the infiltvation of minerals
in solution, sublimpation, ete,,—in short, the modifieation of che
earths exterior direetly and indirectly through particle movements
indueed by the condition of the”interior, These processes have
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been in operation thronghout geologie time, thongh they perhaps
represent & diminishing series ; they have added matenally to the
siperficial erust of the earth ; nnd it is fair to suppose that they
have modified the peoid not only by additions to the surface but
by corresponding displacements in their vieinity, The estegory
may be tentatively (but rather improperly) ealled redoanism, and
the antagonistic classes of movements constituting it are enfrdi-
easation and its antithesis, The vibeatory movements of seis-
sreiam probably result from both deformation and valeanism under
oertain eondirions.

The second subordinate eategory of processos is clossly Iinked
with all of the others. It comprises the various chemie and
chemico-mechanieal alterations I constitution and strocture of
tho materinls of the earth’s erust.  The processes have affected
the nu':_]-r,n sver sined the solidification of the plnilu!'., 1'.1:|+:|_g]| pr-uh—
ably in a progressively diminishing degres ; and they have ma-
terially (but indirectly sather than directly) modified the internal
copstitution and external configuration of the carth. The pro-
cesses miy b collectively ealled ofteration : and the aotagonistic
clnsses into which the category ie divisthle are Fthifoetion and
degoimposition 1 ther varions phases, or rock-forimafion and
roick-deatruction,

The third sobordinate categary of processes, vig @ glaciotion,
is related to the second principal category ; but winee (1) it is
probiable if not actually demonstrable that ander certain eiream-
stances glacial grinding tends o aceentuate predsisting irregn.
larities of surface, and since (2) it s well known that glacial de-
peEition sometimes gives great irrepularity of surface, it is evi-
dent that glaciation is not o simple process of grodation, bat
must be clearly distinguished therefrom. A vonsiderablo portion
of the earth’s surface has hoen modified by glacistion dorving
later geologio times, The general process comprises glacial eon-
atrrotion and glociad destrection.

There 18 a fourth subordinate eategory of processes, which is
alsn alhied to gradation, viz : windaction, which may be made to
include the getion of waves and wind-born eurrents : but sines
the winds geoop ont basing and beap up dunes, while the waves
excavale submorged purgatories and build bars, it i evident thm
this category, too, must be set apart, The processes are only
locally inportant as modifiers of the land sorface of the globe,
They comprise constructive action and destructive aotion.



a0 National (reographic Magazine

There is n final eategory which is in part athied to slterstion
bt i in part poiqoe, vig @ the chemie, mechanienl, and dynamie
aetion of orgunie lfe.  Ever since the terrestrial orist bocome so
stable ax to retain 4 definite record of the stages of world-
growth, life has existed and by s troees hog Fornished the ae-
coptidd peologie ehronology : ut first the organisms were simple
and lowly, and affected the rocks chemically throvgh their pro-
vesses of growth and decny, as do the lower plants and animals
of the present 3 Inter, certain orgamsms contributed largely of
their own bodily substance to the growing strata ; and still lier,
the highest orrsmisms, with mon at their besd, have by dynane
petion. interfersd directly with gradation, alterstion, and wind-
action, and thus, porhaps, imdirectly with the more  deop-seated
procesases of worlidl growth,  The vital forees are too voried o
operation to be convoniently groupod aond simaed.

These estegories comprise the varions processes contemplatod
by the geologist, and colleatively atford on adequote basis for o
genetie classification of geologie seionee,  Their relations are
shown n the necompanying table ;

Clonsedficodion of Geoligrie Processes,

=F L—Defor- L Antecsdent< Epeirogenio  { Elevation.
%E mation.  Consequent>0Orogendc. &« Dopression,
if 8—Gradation. ...... ... .. .. _{Deposition.
= | Diengrointion.
o [ L —Vulegmisme ... | Extravasation
& ¢ (Antitheain of Extrav.)
—
S | 8— Alterntion. ... . { Lithifactiog.
§ Decompoaition.,
I
4 W—Glaeintton. .. ___ { Gloein] constroetion,
z P Cilacial destracton.
% d.—Wind wetdon. - .. ...y Wind construction.
3 '1 Wind destruction.
%@ | h—Vital setion. _.___... { Various constructive and
| destructive processes.

On applying this classification to geographic forms, the varions
phenomena immediately fall into the same arrangement. The
continents, great islands, mountuin systems, and non-voleanie
ranges and peaks generally, the oceans, seas, and some bays, zulfs
and lakes, evidently represent the diastatic category of move-
ments, These greater geographic features have long been named
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and classified empirically, and can be referred to their proper
places in a genetie taxonomy without change in terminology, The
voleanoes, craters, calderss, lava ficlds, ol flelds, tfa srags,
mesag, voleanie necks, dyvkes, ete, however modified by degrada-
tian, alterstion, glaciation, or wind aetion, exhibit characteristio
forms which have often received nnmes indieative of their rigin,
The glucial drift with its various types of surface, the mornines,
drumling kames, roches de moutonndes, rock basins, kettles laous-
tral plains, aqueo-glacial terrnees, loess hills and plains; ere), have
been studied in their morphologic as well ps their steoctural
sepecte, and the elvments of the configuration commenly nssumed
have beet desoribaed, [j-n-r'tl‘ﬂ._'l.'l:ll, anil uppnppr'iut.r_rj;:r “ﬂmfd-; and
they take a natural place in the classificntion of prodoets by the
processes giving rise to them,  The dunes, dost drifts, sand
ridges, ote, and the wind-seooped basins with which they are
wssociated, are local and limited, but are fuarly well known s
fall nt onoe into the genetie elassifieation of forms snd stractares,
But all of these geographic forms are modified, oven dblitorntod,
by the ever prevailing process of gradation, which has given ori-
gin to nearly all of the minor and muny of the major geographio
forme of the earth.  The forms resulting from this second great
eategory of geologie provesies have generally engaged the atten-
b of ul'_l.'n!i_lltnmh'l HT.HF]:I"IIT.-, bt their |'I-'I"I:""||'H.|.l."l1'|."l"? 'rnrir-l;l,.- w1l
complexity of relation are such that even yet they stand in rroat-
vst nesd of classification. |

Lesley thirty vears ago regarded the mountnin as ' the funida-
mental topograpiie element: Richthofun recognizes the upland
and the plain (*aofrageondes: Lood und  Flaehbioilen ") as the
primary ¢iasses of configuration comprebending all minor oloments
of topography; Dana groups topographio forms as (1) lowlands,
(2) plateaus and elovated table lands, and §3) mountains @ and
these related allocations are satisfactory for the parposes for
whieh they are employed.  Bot the implied clussifleation in all
these eases i morphalogie mther than genetic, angd is based wpon
superficiadl and ever varying if not fortnitous churarters 3 and if
it wore extended to the endlvss variety of forms exhibited in the
topograpby of different regions it wounld only lead to the is-
crimination of & weaningloss multitnde of unrelated toprgriphie
elements,

In an exceedingly simple classifieation of geographic phenom-
enn, the primary grouping is:into o of construetion and furrna
gf eatruction ; but it is evident on inspection of the table fntro-
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duced above that such a classifieation is objectionable unless the
greater goographic elements due to diastatic movements (in which
the constructive sotion is veritable but different in kind from
those in the other eategories) be exclnded, and this is impractica-
Ble without limiting the elassifieation to subordinate phenomena.
Maoreover it is illogical and useless to unite the constructive phe-
nomena of the remaining eategories, sinee (1) the procesios exem-
plify widely diverse laws, which must find expression in any
detailed classification whether genetio or not, and sinee (2) the
diferences between the forms united are muoch greater than the
differences hetweon the forms separnted in such a classification —
. i, the differences between a dune, s dromlin and a mesa (all
construstive forms) are for grester than the differences between
p Frosh lava sheet and s deeply vut mesa, hetween a drumlin and
the smallest drift remnant, or betweon s done and a8 Trigssic
momnd of cironmdenudation; and this is true whether the disting-
tion be made on analogic, homologrie, of genetic grounds,  Indeed
it seemns evident that while diserimination of constructive and
destrmotive forms i mecessary and useful mm each genetic cote-
gory, the use of this distinetion as a primary busie of tlassifi-
eation is inexpedient

The elassification of topographie forms proposed a few years
ago by Davis, who regands “special peonliarities of original
stroeture " as a primary, and © degree of development by erosion™
a seeondary bosis, and Richthofen’s arrangement of categories
of surface forms ss (1) tectonic monntaing, (2) mountains of
abrasion, () eruptive monntains, (4) monntaing of deposition, (5)
plmans, and () mountains of erosion,® in addition to depressions of
the land (Die Hohlformen des Festlandes), are more podept-
ahle, sinee they ate based in part on conditions of genesis,  But
it is clearly recognized by modern students of dynamie geal-
ogy that waterways are the most persistent foatures of the
terrestrinl surface ; and the most widely applicable systims of
classifleation of the surface configuration of the varth thos far
propoged have beon bused substantially on the ngenoes of grada-
tion,  Thus Powell, Low! and Richthofen classify valleys by the
ponditions of their genesis; Gilberr classifies depinage [ and
Phillipson, nnduly magnifies the stability and genetie import-
anee of the water parting, classifies the hydrography through

* (1) Tektonische Gebirge, (2) Rumpfgebirge oder Abmsionsgebirge,
@ Anshrucksrsbirge, (1) Aunfschittungsgebirge, (5] Flachbdden, e
(6} Ervsionagebirge.
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the divides ; and, althongh these geologists have not dwelt upon
and perhaps have failed to pereeive the relation, the same classi-
fieation is as applicable to every feature of the local relief as to
the streams by which the relief was developed.

In o general classification of the topegraphie forms developed
throngh gradation, it would be necessary to Include the forms
resilting from deposition as well a8 degradation, and slso to dis-
cuss the relation of basedevel pliing to antecedent gnd consequent
relief ; but in a brief résumo it will suffice 1o consider only the
modifications produced by degrndation upon a surface of deposi-
tion after its emergencs from beneath water level as & regular or
irregular terrnne ; and the inflnence of hasedevel upon the topo-
graphic forms developed upon such a surface may be neglected m
a qualitative diseussion, thougl it ie quite vssentinl in guantitative
inmmt{l;qtinﬂ.

The hydrography developed apon terranes affeeted by displace-
ment both before and after smergence hns slieady been datis-
factorily classifiod. Powell, yenrs ago, denominated valleys estab-
lished previous to displacement of the terrane by fuulting or fold-
inyr, antevedent valleys ; valleys having directions depeniding on
displacement, eondeguent vallexs ; and valleys vriginally estal-
lished upon superior and subsequently transferred to inferior ter-
et N [ fi'ilfflil_"r-iﬁiiillulﬂ'ﬂﬂr Tﬂ“ﬂ';lp:ﬁ; TI.I“'.I. I"I.I.i':l-l'l' 'il'".lll?!:!-ﬁ wWere H'i'lﬂ"rﬂti‘lj
into orders determined by relation to strike and amain into varie-
tes determingd by relation to subordinate attitude of the termnes
traversed.  Gilbert adopted the spme geceral olnssification, and
s extended as o include ecertain specinl genetio conditions,
Tietre, in the course of his investigntion of the Ssfidrud (or
Kizil Uzen) and other rivers in the Alburs mountuins of Persia,
independently aseertained the charsetoristios of the class of water-
ways comprebended by Powell under the term  anteeedent
Medlioott and Blanford oleerved that many of the Himalayan
rivers are of like menesis; and Ritimoyer, Pesehel and others
have reeognized the same genetic elpss of waterways; but none of
these foreign Epoologists have dikeussed their taxonomis relations,
Lowl, who upon a prierd gronnds denies the possibility of ante-
virdenl ﬂ.nﬁ:mgu, ha= rm:u-ut.ll' |Iﬂt_']u'|mrl wn elaborate laxanommy of
vallevs which he groups as (er) vectonio valleys, and (A) vallevs of
crosion (Krosionsthitler), The first of theése eategories 18 separiied
into two olnsses, vie: valloyvs of flexure and valleyvs of frivotare, awd
the2o Qo turn into several sub-classey determined by charaoter of

the displacement and its relations to strueture 3 and the second,
b
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whose penesis is attributed to retrogressive (rilckwirts fort-
schreitende ™ or “ rilckschreitends ™) erosion, is vagnely separa-
ted into severnl ill-defined classes and sub-classes determined by
structire, olimate, and various other conditions. The second of
Liwl's eategories 1= also reoogmized by Phillipeon,  Still more
recently, Richthofen, neglecting anteoodent drainage, designatod
the superimposed olase of Powell apigenctic, and formulated a
clussification of the remaining tvpes of continental depressions
(Yo Hobhlformen des Festlandes) as (o) orographio depressions
(Landsenken) ; (4) reotonio valleys, and (o) sonlptured vallevs; and
the lnst two categories aro separated into clpsses and sub clnsses,
corresponding frirly with those of Lowl, determined by their
relations 1o strocture and by various genetie conditions,

These several clasgiieations bave mueh in common © their
differences are largely doe to the diversity of the regions in which
the investigations®of their respective authors have been prosecuted
but eombined they probably comprehend all the topographic
types which it is nocessary 10 diserininate,

The American classifieation and nomenclatore, particularly, is
unobjectionable as applied to montanic liydrography: but it does
not apply to the perhaps equally extensive drainawe systems and
"I_‘I.l;'l' rE"ﬂ.“‘It-iuH I{'ll'll':lluh'l.]lhi!'." ﬂﬂﬂﬁgu!“ﬂ.hl_m |!ﬂ'|'|."]ll|H'_"I|'i Ty I"lmll_"]"gl'_'ll_:lt
terranes either (o] without localized displacement or (&) with logal-
iged displadement of Tess value in determining hydrography than
the concomitant erosion, termeing and reef buildiog @ neither
does it apply 1o the minor hydrography in those regions in whach
thie muin hydrography is eithor anteeedent or eonseqgoent ; nor
does 1t apply even Lo the ortweinal condition of the itl!_rﬂi'i_lﬂ]‘_.lr}él!_'-ll
or anteaedint drainame of moniamous regriogs,

Upon terranes cmerging withont displacement and apon squal
surfaces not yet invaded by vallevs, the streams dipond for their
ortgin on the convergenee of the waters (alling npon the uneroded
surface and affectod by its minor inegualities, and for their diree
tion upon the inclination of that serface.  They are developad
proximully (or seawnnd) by st l.'!lde-Z'I!t?.-irﬂl of their eourses hy
continmed olevation, and distally by the recession of the old and
the birth of new ravipes ; and sinee mothe simple case it follows
from the Inw of probabilities that the receding ravine will retain
spproximitely the old direetion and that the sew ravines will de-
part therefrom at high angles, the drainage svetems thus inde-
pendently developed  beeome mtricately but systematically rami-
fied and more or less depdritio in form.  Lowl, Phillipson, Rickt-
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hofoen, and othercontinental, as well ag different British and Indinu
geologists, and Lesley in this country, indeed recognize this type
of drainage, bt they do not correlate it with the montanie types;
and Liwl's desigmation, derived from the manneér in whioh he con-
ceives it to be generated (% ricksehreitonde Erosion™), does not
apply to either the completpd deosinage or the eoincident wopog-
raphy.

Although its subordinate phases are not yet disoriminated on o
genstie hasia, this type or order of drainage is suffieiently distinet
and important to be regarded as cobdrdinate with the type repre-
renited by the entire group of eategories recognized by Powell
and elearly defined by Gilbert,  Such hydrographiy (which either
in its natural condition or superimposed characterizes many plains,
some plateaus, and the sides of large valleys of whatever genesis)
muy be termed cutogesnons ; while the drainage systems imposed
by conditions resulting from displacement (which charnoterize
most  mountainous regions) may be termed featonde,  Gilbert's
classitication of drainage mny then be so extonded ns o incluide
topography as well as hydrography, and so amplified as to inclode
the additional type,

Diruinage systems and the resulting systems of topography (all
of which belong to the degradational class of forms) are sccord-
inely,—

Type 1, Autogonous,
Type 2, Teotonic—
Order A, Comsagquent, wjHimn
Class o, Displacement before emergonci, amd
Class b, Sudden displacement after mmmergence;
Order B, Antecoedent ;o amnd
Order O, Superimposed, through
Class e, Sedimentation (when the superimposed drin-
wge may b nulogoncias),
Class &, Alluviation or subssrial deposition, an:d
Class ¢, Planautlen (in which two cases the superim-
posed drninnge may simulate the nutogenons
by ),

In brief, the entire domain of peologie science i3 traversed and
defined by & genetic classifieation of the phenomena with which
the geologist has to deal ; 2nd the same olassifioation is equally
applicable to geographic forms, as the accompanying table illus-
Lriles |
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Representative Geogrigphie Forma as olassifiod by Grenesin.

FENETIC P gss s,

ETTLE TS

ErEruisia TION

LHADATION

VIULOASISM

ALTERATION

FLACTATION

Wisn ACTION

VITAL ACTION

s , RO RAFETD Fonss

FLEVATION Continents, great islands, most
[ mountain mages, B, Dot
clussified in detmil.

[ DErRESSION Ovenns, great 2eas ond ba

soarve trland valleys and Inke-
hasina, vte., oot classifiod h:l
detnil.
[ THEPOsTTION 'a"i't.-wl_r emergdd ooenn-bottoms
i ]IIL'I-I;"I:.H}I].EI of Lhe Coastal
Einml playns nnd mountain-
i rlmmn-, minny Hood-
plnins, moarshes, ele., not
classifisd in d{lrEuL
| DEGRADATION Drninnge-svatems and resali-
ing  topigraphic  clements

which nre—
l—Autopenons (nob clussi-
thodd ien ibetaily 3 poul
2 —Tertonte—
Comsesquent, upon Displiace-
ment  before  muergence.
il Sudden displacement
nfter sinergence;
Antecesdent: and
Superimpsed, through
mentation,
Ml'l.tlinlic-n. anil
Plasnntion,
EXTNAVASATION Voleanie peaks, craters, lnve-
el t11t'a.—rr:|.,|:ﬁ.. sinter-
coned, voleanie nec ks, mosas,
! ilvkes, some mineral veins,
' ete., not classitied in detadl.
| ANTITHESES OF ) Sinks, caverns, soms f=sres,
pte,, not classitlind 1o detail.
| LITHIFACTION Minor Features af eertain Lopo-
graphic forms, 0. g, reefs,
crigs,  piomacles,  salionts,

] put-rroppEing  veins,  somoe

cataracts, eto,, not vlaasified
1o ddotuil.
| DELITHIFACTION Minor festures of ciertaln togpi-
nﬂpllit* forms, « ., s
aml basing, refntrants, some
fissmres and caverns, ebo,,
not clasarfied in detail.
CBracial cossTRED. | Drift-plains. moraines of what-
TION ever  chorncoter, dJdrumlins,
r.n.m-ui, ansar, drift-dommed
mkes, loas-pindos and ridges,
L gk, , not clnesified 10 detail.
| GLacisl  DESTRUCO- Rock-hasins. U-caficns, roches
| TION de moutonnees, ete., Dot
here classified in detail,
Wixn coNsthUoTion  Dunes, gand-ridges, bars, spils,
ele., il here olissi in

i detail.

| WiIND DESTRUCTION | Ponids mssocinted with ﬂ!ltlﬂﬂ-,
" hlow-outs,”™ **
wte,, not cla m

| (Mot discriminnated)
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THE GREAT STORM OF MARCH 11-14, 1888,

A BruMAEY OF THE REMAHRES MADE RBRY BrRIGADIER-UIENERAL A. W,
GREELY, CHIEF Spoxal OFFICER OF THE ARMY.

Tins storm is by uo means as violent as others which have
oeenrred in the esstern part of the United Ststes, It is noted,
however, as being ane in which an onusnsl smount of snow fell,
which, drifted by the high winds cansed by the ndvanee of an
antigyelomie aren in rear of the storm depression, did an enormons
amount of damage to the raillways in Massachusetts, southirn
New York, and New Jersey.,

The storm eentre was first noticed in the North Pacific on
March éth ; whenee it passed southeast from the Oregon coast to
northern Texas by the vth.  The sentre instoad of maintaining
the nanal elliptical form, pradually shaped itself into an extended
trough of Jow pressure, which covered the Misis=ippt and Ohio
vallevs during the 10th.  On the morning of Mareh 11th the bar-
ometer trough extended from Lake Superior southwarnd to the
eastern part of the Galf of Mexico 5 in the northerm section over
Lake Superior, and the southern pare, over Georgin, distinot
centres, with indepondent wind vireulation, had Tormed

The worthern storm centre moved oortheastward and  disap-
peared, while the sounthern centre moved slowly eastward, passing
off the Atlantic coast near Cape Hatterss, The pressure on the
afterpoon of March 11th was about 29,07 at the centre of both
the northern and southern storms; but during the night of the
Li=14th the pressurs decrensed in the southern storm centre, and
the ares instend of continuing its easterly direction moved almost
directly to the north, and on the morning of Mareh 12th was
contral off the New Jersey coast,

The eauses whioch anderlie the deereass of pressure and conse-
“guent ineredaso in the violence of storms are, as vot, undetermined.
The theory of * surges,” that is, atmospheric waves independent of
the Irregular varations consequent on storme; has been urged by
some, and especially by Abereromby, as the canse of the deepen-
ing of depressions in some eases or of inereasing the pressure n
other cases. It 18 possible that under this theory a * surge,” pass-
ingr over the United States to the enstwand, as its trough became
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coincident with the centre of low pressure nereased its intensity
or deeressed its pressure; and the eonsequent inerense in baro-
metrie geadients added to the violeones of the winds. It should
bee pointed out, however, thut the very heavy rainfalls from Phil-
sedelphia sonthward to Wilmington during the 11th, und even the
heavier ones over the lower valley of the Hudson and in Conneo-
tiont during the 12th, may hove exercised o potent influenes in
depreseing the baromiter ot the centre of this storm.  However
this may be, it s eertain that the storm remained nearly station-
ary, with steadily decreasing pressure until midnight of March
121h, at which time it was eentral between Bloek Island and
Wood's Holl, with an unusually low barometer of 28682 at each
station.  During this day the winds were upusually high along
the Atlantic coast from Eastport to Norfalk ¢ the maximum
velogities 4t the various stations rangring from 48 miles g Now
York City smd New Haven to 00 miles at Atlantie City and 70
miles per hour at Block Island,  These winds, thoogh high, are
not unprecedented, amd i they bad been accompanied only by
procipitation in the form of rin, the demage on laod would have
been inconsiderable, bat, unforiunntely for the commereial mter.
ests of New York and other neighboring great cities, the passage
of the low area 1o the eastward was followed by a oold wave of
vonsilerible I-.-Evnj"llj-' atil of anvsual continnance,

The northern storm centre, sohiel had passed eastward on the
Pith, hind Bl the osual effeot of drawing o s large gqnantity of
cald air from Britigh Amerien ; o cold wave following the wake
of thi= storm, a8 i= usual during the winter soason. This wsosl
effect was inteositied by the sdvanoe of o second, anid more vio-
lent, evolonie contre northward: the effect of which was to aug-
ment the cold wave already in progress by drawing 1 a still
larger amount of oold pe w re-enforee 1L

As has been alresdy alluded to, the quuntity of snowfall was
unnsinlly great.  The easterly and northensterly winds had drawn
a large amount of agueons vapor from the Atlantie over New
England in advanee of the low area.  The sudden change of tom-
peratare predipitated by far the greater portion of the aqueons
vapor in the gir, with the result of an almost unprecodented fall
of snow over western Massachusetts, Connectiont, and the valley
of the Hudson.

FProfessor Winslow Upton, Secretary of the New: Eogland
Meteorologien] Society, has gnthered estimates of spow from 420
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different observers, which go 10 shiow that 40 inches or more of
snow fell aver the griater part of the distrets momed,

The deeponing of the arcd of low pressure and the angmenia-
tion of the eold high aren wilvaneing from  British Amerien
resalted 1in barometre gradients of unosasl intensity, there hé
g erudhents in oxcess of 4, when  gradumiis of b rarely
agocur either in the Usited States or Great Britain,  The high
winds ouused by these ynusonl gradients had (he oot of drift-
g the spow to an unusnal extent, so that, os 1= woell kpown,
nearly every ralroad in New Jemsey, Conpectiont, New York,
undl Massachnsetts was spow:bound ¢ the earliost amd most pro-
longed effects being expericnesd in Contedativnt, which douhtless
received the full beocflt of the ]‘HIJI.‘L':E" et Pl B thee Mudscn
River valley in siddition to that in the western part of thut State,

It = thought by some that the storm reonrved aml possod
northwist into Conneeticut; oo opinion in whicl 1 et eotueur.
The intarnationn] map aod reports tend o shiow that this storm
passed northeastwand and was on the Banks of NowToundland on
the 17th of Maroh.  The peealinr shape of the isobars, while the
storm conld be cleariy defined from observations ot hand, was
=uith that it 1= not unreasonahle 1o believe that the ehange of wind
tor the south at Blook Island was due simply to an off-shoot of the
storm [rom the mam ceoutre, b Re nuomer a8 the storm fteelf
was the outgrowth of o previong depression,

The traok of this storm neross the sea is loft to Proflisr Hay-
i, Thest remarks nre necessarily Imperfect, as my officil
duties have bheen such as to provent any eareful stwdy or examinn-
tion of the storm apart From that possible on the carrent weather
maps of the Sonal Berviee.



i Natumal (Feographic Magisine,

THE GREAT STORM OFF THE ATLANTIC COAST OF
THE USNITED STATES, MARCH 11en-14tn, 1888,

By EvErRETT HAYDEN,
T chicrggn of the-division of Marive Meteorology, Hydrographic Offies, Navy Dept.

INTRODUCTION,

Tuz history of & great ocean storm aannot be written with
any completendds until a loog imterval of time has elapaed, when
the meteorologival observations taken on board hundreds of
verrels of every nationality, seattered over the broad expanse of
aeean, and bound, many of them, for fer distunt ports, can be
gathered together, compured, aud, whero observations seem dis
cordant, rigidly unalyzed snd the best daw selected. I s only
when based upon such a foundation that the story can fully
diserve the title of history, and not romanceo, fact and not hypo-
thesis. At best, there must be wide areas where the plsenoe of
vepsels will forover leave some blank pages in this history, while
dlsewhere, along the great highways of ocean traffio, the data are
absolutely complete.  Last Augnst a tropieal hirrleane of ter-
rific violenoe pwept in toward our coast from between Bermuda
and the Babomas, curved to the northward off Hatterns, and
poutinued its destructive dourse past the Grand Banks toward
northern Europe: hundreds of reports from masters of vessols
crinbled us accurately to plot its track, a great parabolie enrye
wingont to St Thomas, Hatteras, Cape Race, and the northirn
const of Norway. Six months later a report forwarded by the
British Moteorogical Office, from a vessel homeward hound from
the Bquator, indicated that it originated far to the eastward, off
thi coust of Africa, and only the other day the log of a ship
which arrived st New York, Mareh 2oth, from Calentts, supplied
dats by means of whicli the storm track ean be traced still more
aceurntaly, westward of the Cape Verde islands,  Not only that,
but this same vessel on the 11th of March was about 600 miles
to the eastward of Bermuda, and, while the great storm was
raging hotwoen Hptteras and Sandy Hook, was traversing o
region to the northenstward of Bermnda from which mir recorids
are ns vet very inoomplete, It will thus be elearly wndarstood
that while the most curnest efforts have been made, not only to
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colleet and utilize all available mfonndtion, bat to be eareful and
cantions i generalizing from the data 8t hand, vet this stoiy
must be considured ns only proliminary to an exhanstive treatise
hisedd on mare somplete data than it is now possible to abtain,

Four charts have heen preparsd to iflustrate the meotoornlogt.
cal conlitions within the aren from 25° w0 507 north Iatitude,
a0 to 50° west longitnde, at ¥ A wm, 76th merhdion time, March
itk t2oh, 13th smd t4th respeotively.  Dhata for lamd starions
bave been taken from the doily weather maps pnblished by the
U, S Signal Serviee, and the set of tri-daily maps covering the
period of the great storm his been invalnahle for refurenee
thronghout this discussion.  Mariog data are from reports of
marine metvorology made to this offies by masters of vessels, nnld
nut only from vessels within the area charted, but from many
others just bevoml it= limits.  The refined and accuorato obsorvi.
tionx inken with standard instruomoents gt the sime momeng of
absolite time all over the United Staves by the skilled observers
af the Signal Service, fogether with those contribated to the
Hydrographe Offiee by the voluntary co-operation of masturs of
vessole of every nationplity, and taken with mstroments cow-
pared with standards at the Branch Hyidrographic Offives immied-
intely upom arrival in port, make it safe to say thit never hinve
the dats been so complete and rolialle for sueh o disenssion ot
siteh fn early date,

It will pot be out of plaoe briefly to refeér bo bertain prineiples
of meteorology that are essentinl to & elear aonderstanding of
what follows. The general atmosphirie movement in these lati-
tudes s frism o west to east, and by far the greater proportion of
all the arcas of low barometer, or eenters of more or less per-
feetly developed wind systoms; that traverse the United States,
move along pathe which eross the Great Lakes, and thence resch
ont over the Gulf of St Lawrence scross. the Atlantic townrd
leeland and northern Europe.  Another very characteristic storm
puth may aleo be referred to in this connection, the corved track
along whieh West Indian burricanes travel up the const, The
atmospherie movement in the tropics is, generally speaking, west-
ward, but o hurricane starting on o westward track soon curves off
to Lhe northwest and north, and then petting into the general east-
ward trend of the temporate zone, falls into line and moves off o
the mortheast, cireling about the western limits of the area of
high barometer which so persistontly overhangs the Azdres anid o
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great elliption]l area to the sonthwestward, The eirenlation of
the wind about these arcas of low haromoter, and the correspond-
mg changes of temperature, aro indicated graphically oo the
map: the wsobars, or lines of equal barometrie pressure, are, a= &
ride, spmewhat cirenlar in form; and the winds blow ghoot and
away from an area of “high" in o direction with the hands af o
wortefi (T nautical parlanee, © with the san ™), toward and aboot
“low " with un opposite rotary motion, or sgainest the hands of a
wateh: in front of a “low ™ there will therefore e, in extra tropi-
enl latitudes, warm sontheasterly winds, sl behind it cold north.
woesterly winds, the resulting ohanges of temperature heing shown
by the isothorms, or lines of equal temperature, Moroovor, i o
cyelonie system of this kind the westorly winds are gutierally fur
stronger than the easterly winds, the motion of the whole system
from west to east ineressing the apparent Toree of the former
wnil decressing thot of the lntter, Upon reaching the coast, such
arens of low barometer, or storm syslems, E.!mn-_ﬂ; inrur‘iuhl_\'
develop a great increase of energy, largely due to the moistire
i the stmosphers overhanging the oeenn, which, when the air
1% ehialled h;l.' contact with the eold 1]t‘1r sir hJ..ll]Ling i Frism the
“high,” ix precipitated and béeomes vigihle in the form of elonds,
with rain or snow,  The latent heat liberated by the condensa-
tient of this aqueous vapor plays o mest important paret in the
contmuance of the storm’s energy and, inded, in it inerease of
eoergy: the warm light air fowing in towards the central area
of the storm rises rapidly into regions where the pressure i less,
that is; where the thickness and consequently the weight of the
superincambent atmosplere s less: it therefore rapidly expands,
und sueh expansion wonld result in a maeh more rapid cooling,
anil & corresponding decrease in s tendeney to rise still higher,
were it not for the lutent heat hberuted by the condensation of
the maoisture which it contnins, Thus the forees that are cop-
spiring to inerease the envrey of the storm are powerfully
asststed by the presence and condensation of sgqueous vapor, and
the incressing updraught and rarefaotion aro at onee marked hy
the decreasing barometrie pressure at the center.  For example,
a wtorm was oentral over the Great Lokes on Jan, 25th, with
lowest baromoeter 20.7; the following day it was central off Nan-
tucket, barometer 20.%; and on the 97th and 2Eth, over the Gulf
of 8t Lawrenee, with barometer below 28.6, Buat such instances
are so common #& o make it the role, and not the exeeption.
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As stated above, the isobars about an area of low barometer aro
somewhat arealar in form ; more strietly speaking, they are
somewhat oval or elliptical in shape, and the more elongated the
north snd south axis of this cllipse, the greater the resulting
changes of temperature, becanse, as it moves along its broad
path toward the Atlantie, the indranght, or suction, s felt in front
far down toward the tropies, and in rear fur to the northward,
beyomd the territorial limits of the United States.

Similarly with regard to the geners] movement of aress of
high barometer, certain laws of motion have been elearly estab-
likhedd by means of studies of the daily intermmational charts;
instend of a motion toward east-porthesst, these areas when
north of the 40th parallel, have in general o motion towards
enst-southeast, and as a rule move moree rapidly and with greater
momentum than “lows™ o that they may be said to have the
right of way, when the tracks of two sach systems conversy or
mtersect.  Thesa laws, or ot least that relating to the Great
Lake storm track, as it may be called, soon become evident o
anyone who watches the weather map from day o dsy, apon
which are charted the systems of low pnd high barometer as they
fellow one another across the continent, bringing each its charac-
teristis weather,

Mamenr 1lTH, 7oA. AL

The first of the sccompanying weather charts indicites graphi-
cally the meteorological conditions over the wide sren eharted,
comprising about J000 000 squeare miles, of which one-third is
land and twosthirds wator.  Owver the land theee 18 a long Hoe, or
trougrly, of low barometer, extendimg from the west coast of
Florida wp past the eastern shore of Lake Horon, and for north-
ward townard the southern lmits of Hudsen Bay, In fronn of
this advancing line the prevalling winds are southeasterly, and
the wurm maist air drawn ap from sonthern latitudes spreads o
warm wave slong the copst, with generally elondy weather ani
heavy ruins, especially south of Hatterns § the Signal Serviee
observer at Pensacola, Tor example, roports the heavy rain-fall of
4.06 inches on the Toth, Abont midway of this trough of low
barometer there is o long narrow region of light variable winds ;
of rapid changes In metesrologionl comditions ; eahns, shifts of
winiid, intervals of -I.'h-'.ﬂ.!.‘.-l.!'.l.i!_' woeather : then overoast nj.;n.in* with
cooler and fresh northwesterly winds inerensing to o gale.  The



4 Nativnal Geographic Magazine,

front line of this advancing battalion of cold northwesterly winds
is more than o thousand miles in length, and covers the whole
breadth of the TTnited States ; its right flank is on the Gulf, 1ts
left Tests on the Great Lakes, or even farther north § the tempera-
ture falls rapidly at its spprosch, with frost far south into Louis-
innn and Mississippi, and heavy snow in central Eentacky snd
eastern Tennesgee,  The long m::ﬂiﬂg line is ndvancing toward
the oonst at the rate of abont 600 miles a day, followed hy a
ridge of high baremeter reaching from Texas to Dakota and
Manitoba. At points along the trough the barometer ranges
from 9050, o hundred miles north of Toronto, to 20,80 at Pitts
burg, 29.8% at Augusta, and 2004 ar Cedar Keys, Along the
ridge the barometer 18 very bigh ; 30.7 to the vorthward about
Lake Winnipeg, 20,6 in Wyoming, 307 in Indinn Territory, and
40,5 south of the Rio Grande. The difference of pressure from
trough to ridge i thus measured by sbout an inch of merenry in
the barometer,  Moreover, the chart shows that there is another
ridge of high barometer in advanoe, eurving down off the coast
from northern Newfoundland, where the pressure is 0.6, toward
Sunto Domingo, where the pressure is 30,3, and passing midway
betwoen Haotteras anid Bermuda,  Farther to the eastward the
soncéntric Tsobars show the presonce of a storm which originated
abiout Bermuda on the 8th, and 1% moving off toward Europe
where, in o few days, it may cnuse northwesterly gales with snow
to the northwanl of its track, and southeasterly gales with rain
to the sonthward, Storim reports from various vessels show that
this storm was of hurricane violenee, with heavy squalls and high
seme, but it need not be referred to in this eonnection further
than to ssy that it sent back a long rolling swell from northeast,
felt all along the Alantie sea-boned the morning of the 11th, and
guite distinet from that cansed by the fresheming gale from the
o LSt

METEORGLOGICAL CONDITIONS UFF THE UOAST,

While this trough of low barometer, with all it2 attendant
phenomena, is advancing rapully eastward toward the Atlantie,
and the eold wave in its train s spreading over towns, countics
and states—orossing the Great Lakes, moving up the Ohio valley,
and extending far south over the Gulf of Mexleo—we may pause
fior & moment to eonsider a factor which ¢ to play o most im-
portant part ju the warfare of the elements so soon 10 rage with
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destructive violenoe bitween Hatterax and Blovk Island, and
finally to disturb the weather of the entire North Atlantie north
of the 20th parallel

The great witng ocenn corrent eslled the Galf Stream hos, to
most peoply, 8 more or less vague, mythical existence,  The words
sonnd fpmiline, bur the thing itself is only an abstroct idea ; it
Ineks reality, for want of any personal experience or knowledge of
ite charnoteristio effeots,  To the navigator of the North Atlantic
it is a reality ; it has & conerote, definite existence ; it is un ele
ment which entars inta the ealeulations of his evervday life—
somtietimes us & friend, to help him an his conrs, scometimes g an
enemy, o endanger, harnss, and delay,  Briefiy, the warnn waters
of the teopivs are earried slowly and steadily westward by the
broad equatorial drift-corrent, and banked ap in the Caribbean
Sen and Galf of Muxico, there to constitute the head or sourep of
the Gulf Stromin, by which the greater portion is drained off
through the steaitsa of Florida in s comparatively norrow and
awiftly moving stroame  This great movement goes on uneeasingrly,
subjsot, however, to certain variations which the changing sensons
bring-with them, As the sun advanees northwerd in the spring,
the soiutheast teades ereep up toward wnd across the cquator, the
vilume of that portion of the equatorin] onrrent which is divertsd
to the northward of Cape San Roque is grvdually ineressed, and
this inoreges js soon felt far to the westward, in the Yueatan snd
Florida straits. Figures fail ntterly to give even an approximate
iden of the amount of heat thos conveved from the tropics to the
north temperate zone by the ceaselese pulsations of this mighty
engrne of ovcanie cironlation.  To pui it in gome tangible shape
for the mind to grasp, however, suppese we considor the amoont
of energy, in the form of heat, that would be libernted weri this
wreat volume of water reduced in Temperature to the freeznge
point,  Suppose, again, that we convert the number of heat-umits
thus obtained into units of work, so many foot-ponndas, aml thenee
ascertain the correspomling horsespower, in order to compare it
with something with which we are famillae. Considering only
the portlon of the Galf Stream that flows between Cape Florids
attd the Grent Babama bank, we find from the Iitest and most
relinble data, collected by the U, 8. Coast and Geodetio Survey,
that the area of vross section is 10,87 sgquare miles (geographic or
sen miles, of 8,088 feet each) ; mean veloeity, at this time of the
year, 1.206 miles per hour; mean temperature, 71°F, These
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ligures for mean velovity and tempernture from surfaoe to hottom
are, it will be noticed, far below those for the surface current
alove, where the veloedty 1= often as great as five knots an hour,
and the temperature as high as 80%. The indieatetl horse-power of
a oreat ocean steamship—* La Bourgogne,” * Werra,” “TUmbria ™
and *City of New York” for example—is from 0,000 to 10,000 ;
that of some modern vessels of war is stil] greater ; the * Vuolean,”
now building for the British Government, is 20,000, and the
* Bardesns,” for the Italion Government, 28000 Again, if we
convart imto 1ts egquivalent horsepower the potentinl coergy of
the 870,000 oubie feor of water per second that rush down the
rupids of Nugnrn and make their headlong plunge of 160 feet
over the American and Horse.ghoe f{alls, we get the enormous
suk of 545,000, The Gulf Stream, however, 18 every hour
carrving nortli through the steaits of Florida fourteen anid three-
tenths cubie mileg of water {more than three thousand times the
the volume of Ningnrn), equivalont, sonsidering the amount of
heat it contwing from 717 to 32° W w theee tedlion ond sixty
theee Billivw borse-power, of more than five hundred thowsand
times &5 much as all of these combined 1 indeed, considering only
the amount of heat from 717 w 507, i 1% still two hondred and
suvinty-five thousand times as oregt,

Swoeping northward toward Hatteras with ite widening toreent,
its volume still further increased by now supplies drawnp in from
thie Bahamas nd the northern ooast of Caba, it2 color a lgmid
ultramaring like the dark blue of the Mediterrancan, or of some
deep mountain lake, it then spreads northeastward toward the
Garand banks of Newfoundlnnd, and with decreasing velocity and
lower temperature gradonlly merges nto the general casterly
drift that sets toward the shores of Europe about the 40th parallel.

The cold tnshore carrent must also be constdored, beeanse 1t is
to rreat contrasts of temperatuee that the violenee of storms s
wvery largely due.  East of Nowfoundland the Labrador eorrent
flows mouthward, wnd doripg the spring and sommer months
carries gigantic webergs and masses of field-ice nto the tracks of
transatiantic steamships. Upon meeting the Gulf Stresm, a
portion of thiv cold corrent underruns it, and continues on its
eourse #t the bottom of the sen; snother partion s defleeted to
the southwest, and flows, counter to the Gull Stream, along the
ooast as far south as Hatveras,

The broad features of these great dovsan currents have thus
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bieen briefly outlined, and, although they are subject to consider-
able varintion as to temperatire, veloeity, and limits, in response
to the varyving forces that set upon them, this gonernl view muost
suffioe for the present purpose,

Now to constider for a moment some of the phonomena rosalt-
ing from the presepce and relafive positions of these ocean our-
rents, s far as sueh |+1H1n|.41||1'!ha|.. Lioar RV Lhiss gredt storm now
ander eonsideration.  With the Pilot Chart of the North Atlantie
Ocean for March there was issoed n Supplement desoriptive of
water-spouts off the Atlantie eoast of the TTnited States during
Janwary and February,  Additional interest and importanes have
e given to the focts, there grouped together and publishiud, by
their evident bearmng npon the econditions that gave rise to the
tremendons inerease of violence attendant npon the spproach of
this trough of low harometer toward the coast,  In it were given
descriptions, in greater or less detail, of ax many as forty water-
spouts reported by masters of vessels diuring these two months,
at vurions positions off the coget, from the northern const of Cuba
to the Graml bank=; and sinee that Sgpplement was published
many other sumilar raports hove been received, Moreover, it was
pointed ot that the comditions thar ghve rise to soch remarkabile
add dangeroons phenomenn dee due to the interiotion botwoeen the
warm moist air everhmnging the Galf stream and the cold dey air
brought over it by northwesterly winds from the eosst, sml from
over the cold nshare current, and the greater the differences of
Tolnperiture and  motsture, the sreater thie W-nltiug emeray of
petion.  Heports were also quoted showing that the Gull Stream
was heginming o re-assert iteelf after o period of comparative
yeseenes duringe thie wintor months, amd with imereasing strength
atid volume wos approaching its northern Hmits, g the sun moved
north in deolintion.

=uch, then, were the metearological eonditions off the coast,
iwniting the attack of the wivanee puard of this long line of eold
northwester]y gales, —eonditions still forther intensttied by the
freshoning pale that sprong up from the southenst st 18 approach,
drawing re-enforcements of warm, moist ocean air from far down
within the tropies. The eoergy develupsd when storm systoms
of only ordinary chargétor and severity reach the Atlautic on
their vastward march toward vorthern Europe is well-known, and
el not be referred to further : lot us now retirn o the congid-
eration of this storm whicl is advancing townrd the coast a1 the
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rate of ahout 600 miles a day, in the form of a great arched squall
whose front is more than a thonsand miles in length, and which
i followed, far down the line, by northwesterly gales and tem-
peratures below the freesing point.

ThE Nmur oF THE 11TE-18TI

Sunday afternoon, at 3 o'clock, the line of the storm conter, or
trongh, extended in o curved line, convex to the vast, from Lake
Outario down thirosgh New York State and Pennsylvania, along
about the middle of Chesnpenke Hay to Norfolk, across North
Carolina to Point Lookouat, and thence down through castern
Florida to Kev West,  Northessterly, easterly, and sontheasterly
gules were therefore felt oll along the coast from the Gulf of St
Lawrence to the Florida Keys, excopt in the bight between Look-
out and Cafinveral, where the buromater hiad alroady reached and
passed its lowest point and the wind was northwest, with mueli
sooler weoathir, Referencs to the Barometer Dingrum shows
pratey clearly that the teough passed Norfolk g short time hefore
it resched Hatterns, where the lowest peading wis andoubtedly
lower, the evening of the Uith, than it was at Norfolk.

By 10 P, M. the line has advanced as far east as the 7eth
moridian,  Telegraphic reports are soon all in from signal atations
along the cosst. ‘The barometer & rising ot Hotteras and Nor-
folk and =till falling st Atlantie City, New York, and Block
Island, but there is little or no indiestion of the Tury of the storm
oflf shore n,'l-n:'n'u;,'r thie Tidth meridian, from the 3h to the with
parallel, where the cold northwesterly gule s sweeping over the
[FESAE WAFIH OCCAD COTrent, carrying air al o tymperature below the
froczing point over water above 78" Fabrenhelt, and where the
haromoter i falling more and more rapidly, the gale becoming a
storm, and the storm n hurriense. Nor are there any mdientions
that the ared of high barometer about Newfoundlamd i= slowing
down, blocking the advanoe of the rapidly incressing storm, il
about to hold the center of the line in cheek to the westward of
Nantuoket for days, which seem like weeks, while a terrific north-
west gule plays havoe along the const from Memtink Point to
Hatterns, and until the right fank of the lne has swung around
to the eastward far enotgh to eut off the supply of warm moist
air pouring in from the southeast. Long hefore midnigeht the
weeloome 4 good night " message bas flashed along the wires to all
the signnl stations from the Atlantic to the Pacifie slope, whilst
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at sen, aboard soores of vessels, from the little fishing-sehooner
anid pilot-boat to the great transatlantic liner, a life-or-death
striiergle with the elemunts is being wagred, with herodsin none the
less romd becanse it i solllelenoe, and none the less admiealile
bewmupe it cannot alwave avert dispster,

The secompanving Trok Chart gives the tracks of s muny
vessels ne can be shown without confonston, and illnstrates very
tlearly whore data for this disoussion are most complete, ns well
ns where sdditional mformation i€ specially veeded.  Thuos i ix
here plainly evident that vessels are always moss onmerous o the
castward of New York (along the transstlantio ronte), snd to the
southward, off the ecoast, To the sonthesstward, however, about
the Bermudas, there = a large aren from which comparatively
few reports have been received, altnongh additional data will
doubtless be obtained from ontward-bonnd sailing vessels, upon
their retirn,  UF all the dayvs in the week, Sdtnrday, in particular,
i the day on which the greatest number of vessols sail from Now
York., The 1oth of March, for instanice, as many as oight trans-
atlantio loors ot uondee wav.,  Oat in mid-ocean there were
plowing their winy toward car coagt, to cooounter the storm west
of the Soth meridinn, one steamship bound for Halifax, five for
Borton, nimeteen for New York, one for Philudelphin, one for
Hﬂ.:lﬂmuri-,- und two for New Urleoans, Naorthward boaned, off the
poAst, Were six more, not to mention here the many sailing yeseels
engaged in the conating or foreien trade, whose =uils whiten the
wittvrs af our eoasts,

(OF all the steamships that suiled from Niw York on the loth,
those hoonid south, with hardly a single sxeeption, cocoanterod
the storm in all s fury, off the eoast. Eastward-bonnd vessols
escapmd ite greatest violenee, although all met with strong head
windi and heavy seas, and, bhad  the starm oot defayed botwoen
Bicck Island and Naotoeker on the 12th and 1ath, would bave
been overtaken by it off the Grand banks. Without guoting
in detail the reports received, lot s see what they indiceate
regarding the goniral charscetor of the storm during the night,
preparatory to our consideration of the westher chart for 7 AL M
Marih gt To do so, be it remembered, is o very different task
from that which f&involved in the study and comparison of ob-
servations taken with standeml instruments at fixed stations
sshore., Here onr stations are constantly changing their posi-
tions ; different observers read the Instrumeonts at different hoars;

1
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the instruments themselves vary preatly i quabity, and while
some of them moy have been compartel with standards very
evcently, thure are others whose errore are only approxinstely
known,  Moreover. when o vessel 38 piteling and rolling m s
wtorm al sen. m mmmisent danger of foundering, 1018, of vourse,
imypuissible to set the vermier of the barometer seale and read off
the height of the meroury with very great precision.  Ltowill
thus be veadily wnderstood thar the many hundreds of observa-
tions ecarefully taken and recordsd for the Hydrograplae Offioe
by masters of visseld ard pecessurily more or Jess dliseordant,
although the results obtained rest on the averages of so muny
t-ﬁan'r[F T_imI ﬂ'n- |1-r+|1|.1.1rh- OEEOr 14 nlw:lf}'et Fory <mnall.  An exhnps-
tive stusly of reports from vessels nn varions positions along the
coast, from the Straits of Flerida to Saudy Hook, tooether with
the records of the coust stitions of the U7, S, Signal Servieo, indi-
cates o continmons vastward movement of the trough of low har
ometer during the night, ascompanied by s omprd deopening of
A 1[{II|.rr|ﬁ_-,i|'1'||-_ All nlomge the coast we have the same seqience
of phonomens, in greater or less intonsity, acvording to the Iata-
tudie of the vesael, as wo notieed here in Washimgton that Sune
duy afternoon, when the wirm southeasterly windl, with ran,
died omt, and after a short pauae @ oold northwesterly gale swept
through the eity, pling up the snow o heavy drifts, with trains
belatsl ot blockided, and telegraphie consuunieation cut off
almost entively with the outer world. Tt wis b wild, stormy
night ashore, buy it was ten-fold more 5o off the oonst, whers the
Hyhte at Hatteras, (urritnek. Assatengue, Barnegat, and Sandy
Hook mark the outline of one of the most dangerous coasts the
navigator hes tooguard against,  Too bring the scene vividly
before the mind would reguire far more time than 1 have at my
dsposal, and T can only regret that 1 eannot quote 8 lew reports
o give some iden of the violende of the storm,

By means of o eareful eomparson of many reports, it is evident
that altheugh the general trough-like form of the storm remnimed,
vt another secondary stori oenter, and one of very great encrgy,
formed off shore, north of IHatteras, as soon ps the line had
I”’*“"""I the const. 1t was this vcenter, ftll:I:-' mll.:l[ll ton 'EI'I'.I-]‘I:H'I:I.I hur-
ricane i violened, and refidered still more dangerous by freesng
weather and blinding snow, which raged with sueh fury off Sandy
Hook ind Block Island for two days,—days likely to be long mem-
orable along the const,  Tts long continuance was probably due to
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the retnrdation of the center of the line, inits eastward motion,
by the ared of high barometer about Newfoundland ; thus this
wtorm evnter delayed between Blook Island and Nantueker while
the northern and southern flanks of the lione swung around to the
castward, the advanee of the lower one gradunlly cotting off the
supply of warm moist air roshing up from lower latitndes into
contaet with the eold sorthwesterly gale sweeping down from off
the comst botween Hotterss and Montank point, 5o far as the
gocean 15 coneerned, the 12th of Mareh saw the great storm at 1=
maximim, and its wide extent and terrific violener make it one of
the most severe ever experienced off our cotst,

The devpening of the depression is well fllnstrated by the faet
thiat the lbwest poading of the harometer 2t 7 4, 8, was 29,55, at
Augustn, Go.; ot 2 eos 2068, gt Wilmington, N, Co; oot 11 1w,
on board the “Andes” 20350 and ot 7 Ao, the following morme
it bt was as low as 20,20, —an nverige rate of deerease of pressure
at the centec of very nearly (25 inocighe honrs, and @ maxiooum,
from rehiabie observarions, of a6,

Maieis 19, B axo 4TI,

The Weather Charr {or 7 a. ., March 12th, shows the line, or
trovgh, with tsabars elosely erowdod together southward of Bloek
Islinel, but still of a weneral elliptieal shape, the lower portion of
the line swinging eustward toward Bermuds, and carryving with
it vielent squalls of rmin and hail far below the 85th parallel
The bigh lawd of Cubo goel Sante Domingo peovented [ts efTects
from reaching the Cariblvan Sea. nlthongh it was dhistootly
noticed by o vessel south of Cape Mavsi, in the Windwared chan-
wiel, where thore wore three hoors of very heavy ram, aond o shife
of wimid to NW by N, The mothermaf 527 F. reachos from Cen-
tral Gieorgin to the coast below Nocfolk, wd thence ont over the
Atlantic ton point abonut one handred miles south of Blook Tsland,
andd thenee due morth, Anshored of Capes Uodl, explaming the Fact
that so little snow, comparntively, fell in Bhode Island and south-
vastern Massgohusetts @ from aboot Capas Ann it euns castward to
Cape Sable, and farther enst it is earriod sonthward seain by the
nurthunhr.url:; wimlds off the Grand banks Theso northensterly
winds are part of the evelonie svsten shown to the eastward of
this and the preceding chart ;@ farther south they bedome north-
eriy o nort hu'l.'_-h!ri:_;_ atsd it will be novieed tlias [hl-:q.' have pow
enrried the motheérm of 70° below the lomits of the chart, Thus
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this chart shows vory clearly the positions of warm and cold
waves relative o such ovelimie systems: first there 15 this oool
wave n rear of the eastern 1_'"|.'L'1|:|I'.I.J|:' Ky R, Ll o warm wWave in
front of the system advaneing from the const, and finally a eold
wave of marked intensity following in its teain,

It was probably durimg the night of the 12th that the lowest
harometrie pressure aod the steepest gradients ocourtod. Althongh
sevori] vessole report lowoer rendings, vt o oareful considerntion
of all the idnta at hand sndientes that aboot the lowest relinhle
roudings nre those taken ot 10 e o ot Wood's Holl, Mass, (28,99,
Nantyeket (25.400), Providence; K. 1. (25.88), and Block Island
(2e,00),  The steepest barometic gradients, so far as indieated by
data at hand, are alse thoese that oeewrted at this time, anid are as
follows, taking Block Island as the initial point and distinees in
nuutiecal miles: at New London, 28 miles, the barometer stood
ag 11, viving a difference of pressore in 16 miles of 003 ineh ;
New Haven, 62 piles, 20,508, 087 ; New York, 110 mlles, 2064,
0Rd y Albmoy, 120 milles, 20056, 000, At T a4 s the following
day, very low eendings e also mported: New Bedford, Mass,
ok 01, Bloek Isiond, 2502, and Wood's Holl, 25,04,

1he ohart Tor 7 oa. s, March 1ath, shows a marked decrease in
the intensity of the storm, plthough the ares over which WTormy
winds are blowing is stll enormous, comprising, as it does, almost
the entire region chirted, From the Great Lakes and sorthern
Vermont to the porthern const of Cuba the wind is blowinge 2
gtilp from s direction almost invarfably northwest, whilst westerly
witnds and low temperatores have spread over n wide tract of
opean soputh of the $uth parallel,  North of this parallel; the pre-
-|.-|-,i|{'11.g winds nre castorly, the isobars oxtendiog in a4 @oneral
easterly nnd westerly direotion, At the storm conter off Block
[slutid the pressure s 28,00, hot the gradients are not so steep a8
on thy preceding chary, and the severity of the storm, hoth ashore
and nt sea, has begun to dimiosl,  Aboat this center, too, the
wobprs are noticeably dironlar in form, showing that, althongh it
first formed as an clliptival ares, 1t gradually sssumed the charne.
ter of a troe tevolving storm, remaining almost nuliu:mr}* Inrtwisen
Block Islamd pnd Nantucket ontil it bad sctually © blown iteelf
out,” while the great storm of which it was o consplesous bat not
essential part was continuing its eastwiard progress, The enor-
mous influx of cold aie brought Jdown by the long contimued
northwosterly gale i= graphically shown on this chart by the
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Inrgre extent and deopening intennity of the bloe tiot, where the
temperatures are below the freening point,  From the northwest-
¢rn to the sentheastern portion of the chart we find o difference
in temperature of more than 80% F. (from below 107 to above
T07); the stenpest barometrie grudient is found to the nortliwest
of Block Island, where the pressume varhes LG inches in 750
miles {gradient, 006 fnch o 15 nation] miles), wnd 60 ine in
140 miled (Block Island to Abans, N, Yoo gradient, 078).

On the chart for 7 a s, March 1ith, the dupression off Block
Ielamd has alinost flled up, and the stormy wind= have dud ous
and beoome light and varmble, with occcnsionnl snow squalls, The
other storm conter has now regained its nseen dumey, nnd is situnted
about two handeed mils southeast from Sable Island., with o
prossare aboot 2005, The wreat wave of low harosieter hiss over.
spread the entire westorn portion of the North Atlantic, with o
setthed squally wenther from Labrador o the Windwan] [stands,
The area of high pressure in advance bas movin] castward, to be
felt over the Brtish Tales from the 17th to the 418t of the nonth,
followed by a rapil fall of the barometer s this grent atmns-
phene disturbianes moves wlong its civent roond . the northern
himisphere,  The isotherm of 32° 5 still south of Hatteras,
retiching well out off shore, and thenee morthward, tangent Lo
Cape Cod, as far g contrn]l Maboe, and thenee pastwaurd to St
Johns, Newfoundlanid., (reat dontrasts  of tetipirature and
pressaee arg still indivated, hut considetably less marked than on

the preecding ehary, and the normal comlitions aro haing wrwln-
ally restored,

CORTLUSIOS.

The grent storm that has thas been briefly deseribed, as well s
enn b done from the data now at hand and in the limited time at
our disposal, lins furnishied & most striking and instrustive exam-
plec of 4 somewhst unosonl elass of storms, and this on sooh 4
grind seale, god Ina part of the world where the data for its study
ard so complete, that it most Jonge remain o memaomble instanee,
Inatead of a more or less oirenlar aren of low barometer at the
storm center; there s hors a great trongh of “low ™ hetwoeen tivo
ridges of *high,” the whole system moving rapidly castward, nd
including “within the are of its majestio sweop,” almost the entire:
width of the temperate gone. The * trough phenomens,” a8 an
eminent meteorologist hag enlled the violent squalls, with shifts
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of wind and eliange of conditions ar about the time of Iowest
barometer, are here illustrated most impressively,  Such changes
are, of course, to be pxpected and guardod against in every storm,
and sailors have long sgo snmmed them ufp, to store sway in
womary for prmotiensl wee whoen vecasion demands, o the well-

known Hnes,—
“* First rise after low

[rndicates g stronger blow,”

One thing (o which artention s partiealarty eallod is the faee
that storms of only ordinary severity are likely, upon reaching
the noast, to develop greatly moreased energy, As has been
already pointed ont, there ean be no donbt bot that this is espo-
el 50 in & storm of this kind, where the jsobuars are olongated
in o pnorth amd south direction, The accompanying Harometer
Diageeam, if stidied in sonoection with the Track Chare and the
Wenther Chart for Mareh Hith, illustrutes very elearly this
deepening of the depression st the storm center.  The formation
and pursistency off Bloek Islund of a secondary storm center of
such coergy a8 owas developed in this esse, however, it would
seem wholly impossibile to have foretold, snd o prediction to that
effect made numider similar eirenmstances would probably prove
wrong in ot least nime csses puboof ten, Bat it may be safely
aaid that the establishment of telegraphie signal stations at oot-
Iving points off the const i a matter of Zreat importance, not
only to our extensive shipping interests, bat to the people of all
ot grept seabodrd citios us well.  To the northward, telegraphic
reports from such stations wonld farnish dsta by which to watch
the movement of arcas of high barometer, upon which that of
the snecesding * low ™ so largoly depends; and to the southward,
to give warning of the approsch sand progress of the terrfie hor-
ricanes which, sammer after swmmer, bring devastation and
diestrnetion along our Gulf and Aslantic coasts, and of which
this great storm is an approximate example and 2 timely remin-
der, In this connection, also, there 12 another important result
to be grained @ scelentific research and practics] inventive genius,
advancing hamd in hand for the bimetit of mankind, hove dis-
eovered not only the laws goverming the formation of the dense
banke of for that have made the Grand Banks dresded by
navigators but alse the means by which certdin facts may be
oheerved, telographed, charted, and studied o thousand males
awiy, and the seonrrence of fog predicted with almost anfailing
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acturiey, even whilst the very elements themselves are ouly pre-
paringe for its formation, By means of suoh predictions, the
afory of navigstion slong the rreatest highway of ovean trathe
in the world would be vastly ineruesed,—roates traversed vearly
at almost milway speed by vessels trosted with mote than a
miltion haman lives, and property of an aggregate value of fully
a billion Jdellwrs.  What s pveryvbody's bosiness @ tod often
||.r||:||”.|]:|,,+‘~|. business, wnd if no single it s :_:uir.p' to undertake
this work, an internntional conugtess shonld e formed to do s,
with full suthority to act and pwer to epforee its decisions,

]'-"ru.}mhl,:;- nothing will more Toreibly stienet the attontion ol
the practieal navigator than the pew and strkimg ilnsteations
which have been furtnished by reports from various mastors of
veasels, caueht in the torrtic winds and violent cross seas of this
great storm, rolative to the use of oil to prevent heavy broken
seas from coming on boarl,  Although this property of il has
boon known Trom time mmmemorial, it has ouly rdcentiy comee
into general wee, wnd i fs good cause for congratulation, eon:
siddering the wridl Lenvfite to be st easily ad so -l'hl.'.'fl-'[ll:F el
that the 15 8 Hydrosraplic Ofiee 8 acknowlidged to have
tnken the lead in the revival of knowledee regnrding it and in
s penetienl use at sen, It s difticult to seleet one from amotge
the many reports st hand, but the following brief oxtruet from
the report made by bont-keeper IRobinson, in Behalf of the pilots
of New York pilot-boat No, 4 (the = Chprles 1. Marshall ™), can-
not fuil to be read with ioreresr,  The gallant and suecessful
stengzgle made by the erew of thi= fittle vessol for two Jong days
nnd nights against sach terrifie odds is one of the most thralling
mmidents of the storm, and well lustrates the dangers to which
those lardy men are constantly exposied,

The * Charles H, Marshall * was off Barnegat the forenoon of
the 11th, wmd, s the wenthor looked threatoning, two more reefs
L in the snils and she was hegded o the northwand, in.
teniding to run into port for shelter. Duoring the afternoon the
hreeze Inerensed to 4 strong gale, and sail was reduced  seill
further. Whon about 18 miles 5.E, feom the thi!-hip., a dense
fog shut o, and it was deevded o remnin outside and ride ot
the storm.  The wind hauled to the eastward townrd midnight,
and at 4 a; an it booked so threntening in the N.W. that a fourth
reefl was taken in the mainsail and the foresnil was treble-reefed,
In half an hour the wind died ont completely, and the vessel lay
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i the teongh of 4 heavy S E sea, that was threatening every
mioment to .{in[::“” her, She was thon nbout 12 mitles ESE. from
Sandy Hook lightship, and in twesty minutes the pale strock
hr with soch fores from NV, that she was thrown on her
boam ends: she instantly righted ggwin, Dowever, bat o two
hours was so govered with ee that she looked like o small e
berg: By 2 a, w0 the wind had inerepsed to a hurricane, the
little vessel pitehing and tossing in a terrific oross-seq, anid only
by the umited effurts of the epthee erew was It possible to
partinlly lower wnd lish down the foressil pml forestaysmil.  No
ue but those on boned can realige the danger she was in from
the huge hreaking seas that rolled down apon ber; the snow and
rabn o with sl foroe that it wias impiskible to ook ta wind-
wanl, and the vessol wos Iving browdside toowind anld 2o, A
drag ‘was rigged with n heavy Tog anchor, nod hawser, t Kewp
her head to sea amd beeak the fores of the waves, bot i had
little offeor, and 1t was evident that something must be done to
save the vessel. Three ol buags were made of' duck, half filled
with otk wm saturnted with oil, amd hang over this wlele forward,
amidships, and on the wenther quarter. i i sillmitred that this
i= all that saved the boat and the lives of all on board, for the
oll prevested the seas from breaking, aml they swept st as
hetvy rolling swells,  Another dreag was rigged and lunmehed,
althongh not without great exertion ad danger, and this belped
w bittle,  Henvy iron bolts had to be pot o theoll bags o keep
them in the woter, aod theee the little vessel oy, fighting for
life nosinst the storm, refilling the o bags evers half hour, and
fearing every instant that some passing vessel wonld run her
down, ns it was unpossible to-see o bomdred foot in ey direetion
The hont looked like n wreck; she was covered with ice and it
seemed Tmpossible for her to remain afloat until davlight, The
oil bags wore replenished every haif bour during  the night, all
s taking turn about to go on deck anid f11 them, ernwling
alomg the deck on hands and koees and secured with o rope in
wase of being washed overboard.  Just before midnight o heavy
son striek the bost aod sent her over on hee side; overyvthing
maovable was thrown to leswnard, and the water rushed down the
forwird hatch.  Bot again she righted, and the fight went on.
The morning of the rith, it was still bleowing with hurricane
forow, the wind shricking past in rereifio squalls It oleared up
a lirtle rowards evening, and she wore around 1o head to the



Tlee Aspeitd Sty ot Mured $1-1§, [88N, ¥y

northward aml eastward, liur not withont having her dook swop
Ln:_u.r n henvy sen. It modernted nnd eleared up the next day, and
after five hours of hard work the vessel was eleared of 1ee, and
sall sot for home. She had been driven 100 miles bhefore the
stormy, fighting every inel of the way, ber erew withont o chanee
to sleep, frost-batten, clothes drenched and no dry ones to put on,
fond and Fael wiving ont, but they brooght ber into port withont
the los< of a spar or a sail, snd she Lok liwr station on the bar
s nsanl

Do the pages of history contain the record of o more gallont
fight I Nothing conld show more graphically than ths brief
report, the vielwner and long duracion of the storm.  No wonder
thnr, this terrific northwest |1_'L:L!i' deove the geean itsell before it
so that the very tides did not resume their normal heiplits for
nearly a week at certain ports along the coast, and the Gulf
Stream tself was far south of its peual limits,  The damage and
desteuetion wronght ashore sre too fresh in mind 1 b referred
tor hiere, and loees alonge the eoast ean only be meutions] briefly,
Below Hatterns there was little damoge done to shipping, In
Chesapeake Bav, @ harks, 77 schoonors, anild 17 sloaps wero blown
ashore, sunk, or damnged; w Delawire Bay, 87 vessels: along
the New Jormsoy doast and in the Horse-shoe at Sandy Hook, 183
in New York barbor and along the Long Lsland oonst, 205 and
alomg the New England voast, 0. The numes of six vessels that
were abundoned ar sea kave been reported, and there are ot least
nine others misddng, amaong them the lanented New York pilot
boats “ Phuntom ™ and * Eunchantress," and the yaeht 4 Cvthern™
Severdl of  these phandoned vessels have iken  their places
amongst the derelicts whose positions and erratic trooks are
plotted cach momth on the Pilot Clart, that other vessels may be
warned of the danger of collision; the geh, = W Lo White,”™ for
inatanes, startd off to the eastward in the Gulf Stream, snd
will Boon bevcome a souree of anxiety to the captaims of steam-
ships along the transatlontio ronte, and furnish o briel sensation
to the passengers when she is sighted. There 15 thus an in-
tensely human side to the history of a great ocean storm, and to
one who reads these hrief records of facts and st the same time
gives some little pley to his imagination, there s a very pathetic
gide to the pioture.  In the words of Longlellow,—

3
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T et Ll patient mother rend,
With aohing heart, of wrotlks that font
Prisalded on thoss sons retinte,
Chr of parne greent horoblo deed
Cha battle flields, where thouzands bleed
Tov Lift omee lvera fnto fanie,
Anxiois she bends her groveful hepd
Above these chirooicles of poin,
Anil tremibilis with o seeret dread
Lasst there, amang tho drownisd or 2lain,
She find the ene bisloved nnme"
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THE SURVEY OF THE COAST.
By HeEnpruT (. OODEN.

At the inception of the Const and Geadetic Survey fn the early
vears of the contary, so Dittle was kodwn of the dangers attend-
'Ihp_" nm*i;:aiiuu nlung or extensive sepbonrd, that thoae who
engnged in commereial enterprisss were constrained to rely apon
loval knowledge and the reports of the hurdy navigators who
milght carry their ventores to sueecss.  The eharts available wore
by mo weans o sare reliaoce, and gt bas sinee been shown, eons
tuined many serions errors, The great headlands and outlying
ahoals that present the greatest obstacles to the safety of ooast-
wire navigation, hud not buen earefully sarveyed, and their reln-
tive positions to oue auother were only approximately determined.

The capacities of the harbors had not been ascertained, many
were unkoown : and even at the great port of New York, the
trodney or Main channel, was not developed until after the per-
manent establishment of the Survey in 1832, gnd the thorough
exploration of the entranee was undertaken., A list of the sunken
dangers and now channels that have beon disesoverad during the
progress of the work wonld ill pages. It s troe soch develop-
ments wyere to be oxpected in making o precise sorvev of the
rmn[mm’riw-.l:r nncharted sl g bt I'J!II.’!.I'!, novertleless, ﬂh‘ﬁ.!‘ﬂ}'
peint to the necessity of the work, We may also assnme that
the mey who were controlling the destinies of the republie, real-
teed that & knowledge of the const was vssential if they would
suceed] in building up a commeree, without which it was helieved
the prosperity of the people could not be pesared, The deep
drnuglit vessols of the present day could not have traded along
cur shores on any murgin of safety with the little that was
known, aod it is lorgely dui to the perfect charting of the coast,
that commoreial enterprise has fonnd it practicablis to baild the
larger vissels of modern type to meet the inereasing demands of
Lrale,

The survey proposed was also required in providing for the
public defunce ; aa it is o self-evident proposition, that if we
wiotlld protect o burbor from & hostile fleet, we must know not

i
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only the ehannels by which the fleet mght enter, tat their reln-
tions to ehoh other and the points of vaotoge that shoonld  be
ntilized o obstroctimg thom 2 and o modern warfare 1o know
these things ooly approximately will not suthieo, for precsion s
practiced now in the art of war, as well as m the arts of peace.

The lack of charts of onr extensive Coast Bine, o andecd, of
nny i'rl'.l'll.‘l‘l:l.l:l.l tnformation that eould be wrilized in & svstematie
dlatenesy :,u'r.unlull' fovead R Ei.|._|-_',ﬁ""'-!hlll+ LU b Hl:ll'l.-’ ani of 1|Il' many
e r'[uh_tutwn thut  surronmled our forefathers 0 building  the
uation, By ther valor they bumel wrestedl o j-.-'nh'i:rl feome thie Britlsh
Crown, amd bhad macguarated a system of governmont h:r 1he
poeiple, which on their sacred honors they Tl sworn to defenil.
But ot a wenerntion hoad possed pway when thoy sow new dan-
pers, and were foreed to contemplate again taking up arms in
defenew of thoie rights.  The land  was theirs, even far towards
the setting sun, pioneers had explored 11, and they knew whenes
might come o hostile for,  Bot of the waters from far away 1o
the eastwand, that flowed oo ol they washid every shore and
Fileel the grvat Bays, even o the heart of the Hepulilio, they
knew fitthe, ssve that pver that almost immeasorabile  pxpaiise
wipeht oome the floer of destrovers to ponstrate they knew not
where, amd lafliet Inchleulable damsge months ere the dreary
tales miicht be toll. It must be remembered there were no e i
eraphe no railromls, no steambogts, m those days, and time taken
by the forelock wos time gained.  The spesd of wan conld not
b overrtaken s we see it towkay i the wondrons inventiofns of
the last gmu*rul‘i{mﬂ By COMIDUNITY Wis Illl."[-ltnﬂl'.ﬁt pon it--
sell, alone, in time of danger, to wand off the blow or vielid o«
ot powerfil Toe; nssistance could hardly be obtpined in months
and perhaps not then, Tt was oot possibile for any man to study
or 1o leprn the points of 1'.1.IJ|'.EEI." FRATY | prepare i system of defenee,

Prosidoent Jefleeson in his far-secing -lt:ltvu:l.muu]llp threéatenvd
with war, realizged the danger. A survey of the coast he breliiwasl
essgniinl to the ontionnl defence, and to the [H'lﬁ'.'i}'l*ﬂ!j’ of the
untion in time of peace.  Had his wise counsels pres niledd and the
survey been prosecuted with vigor, instead of being almost e
diately sunpended for a quarter of a century, there gan e no
question but that it wonld have saved the peeple millions of dol-
lars in expenditeres and put other ootold millions into their eof-
fers, through the impetus it would have given to commerde years
hefore vommerce actualiy had @ name o omuoy that are now
thriving seaport towis,
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Bt it is not to be atpprpsand the commereinl importanee of o
kuowledge of the const and barbors was onderrated hoeanse the
H-IIFTEj' Wis nol |Jr1’mlrl'u1u|1- The Eu'll'F.lll-.- WOre JMor, the tusk
would be expensive and laborious.  The applicnces for the work
wore not in the possession of the Government, anid above all, war
cime opme sooner than was anficipated and the energies of e
people were taxed to the ntmoest inocombay with ther powerful
foe ; and wlhen poreo came again, there was the evitable ooms-
miervind depression that follows a resort to arms. The men of the
day fully realized bow illy they were propared to invite eom-
meree to onr shores, or incile onr own Peiply to more extensiye
trade, There wis nothing to adequately vepresent those mag-
tifcent harbors that have sinee bovome famous the world vver ;
nar of that long lino of coast with its tronchorons shanls, shereby
those seeking new ventures might jodge of the dangors t b
cnoointersd.  The absolute fgnornnee that oxisted wnk aptlv
deseribedd in the Albany Argus in 1832, when the propricty of
reviving the pet of 1807 win ander disonssion, as follows

“ It Liadd boen diseovered by an Amervican statesman that parent
cotint ries nlwn}'.t l-[t!-t"[l the commereial F;]mwlitulge of their eolo-
nres as a lesding-steing i thoie own hands, and that as practioal
navigators, American seamon knew less of their own shores than
the conntry anil its allie= from whoss sulijeetion we B recenily
delivered ourielves by foree of arme  In large vessels, three
notions, the Duteh, the French, and the English, approsched our
harlors with less risk than those benring our own fag 3 il the
samme time that o smnll and more managonble vessols, we hod
long beon known ge o mateh for the steongest. The presidot,
Jefferson, snw the defert amd the moanser in which it mast be
remedied, We were ar that time on the brink of war, shout
whose justice some of our politicinns differed in opindon and it
wits, of eourie, mor necessary to pray for a fortuynste result than
by preeach the cawses which had oceastoned the quarrel.  To hove
procuresd for the uation (even had it been practicable so to do)
the old charte from the Duteh, Freneh, and Euplish govern-
mients, wolild linve ulq[!..' bwsin to put our kt;nrwlmlgqi G i pAT witl
theirs, while to execute more réeent and hectrate surveys, was
advanoing the new country above the old. With the elear and
balld perception, which always distinguishes mon of wenius when
they are entrusted in times of danger with the destinies of a
nation, the president recommended o survey of the whole coast
with all the aid of the worwe recent discoveries of science,”
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The proposed survey was strongly advoeated by President Jef-
forson, and the Secretary of the Treasury, Mr. Gallatio, and in
Fehruary, 1507, Congress. passed’ the fivst aet providing for the
work., Thirteen separate plans, or schemes, were submitted for
consideration ; among the nomber was one by Professor F. R
Hussler, which was finally adopted, snd Frofessor Hassler wis
appointed the first superintendent. It is not necessary to dwell,
in detall, upon the varving fortnnes of the survey during the
three-guarters of a contury that have passed sinee the original
act authorizing it.  The first thirty years of cxperiment, before
it was finully estublished as:a bureny of the Treasury Department,
show only too olearly the ignorance and prejudice agninst which
the supporters—we may sy founders—of the survey had to con-
tend. Buot they had only the expericnee of all men who attempt
the insuguration of now things of which it cannot be slown that
they will return  cash profit at the end of six months, To the
opponents of the measure cash could not b sevn pt all, and the
profit, whatever it should be, wns only on intangible kind of ben-
ofit to be renlied in the future by addittonal security to their
property and commerco ; bat, in reality, a8 has simee been appre-
cinted, the direot saving of muny millions of dollars aenually.

The war of 1812 juterrapted Professor Hassler's Inbogrs and it
was oot until 1817 that he setually commpenced work ; but he
was stopped the next year by n Lmitation of the law reduiring
the work to be performed by the Military Departments. La 1538
Congress passed n special aét réviving the lnw of 1507 and Pro
fessur Hassler was again appointed Superintendent. A further
iterruption oecurred o 1534 by the trunsfer of the buréan to
the Navy Department, bhut this woas of short doration, as it wis
ve-transforred to the Tressuey Départment in 1836, where it has
sinte remained. Professor Hisslor continuesd as Superintendent
nutil his death in November, 1848, Ho wis suceeeded by Professor
A. D. Bache, who was fortunate in sssnmitg the charge onder
much more favorable auspiees than had prevailed nunder his
predecessor, .

By the pppropriation bill passed in March, 1843, the President
was directed 1o appoint & Commission to reorgatize the Burean
and preseribe methods for its future condnet. The plan reeom-
mended by the Commission wae snbstantially that which had
been Followed by Professor Hassler, It wus approved by the
President o few months hefore Professor Bache assumed the
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superintendency and has sinee been the law for the exeontion of
thi work,  To have a lnw spedifying in detail the mothods that
should be emploved in proseeyring the survevs, that had been
deawn by nospecial commission of experts amd approved by 1he
nilmiinistratton, relieved Lhe -.""I'Llj;n.'rhjtr.'udt-nt of much of the re-
'.IIHIIIa“fIHiI:a' that e been borne by Professor Hassler, althoogh
it ] pot put an emd to the carpings of the eritios, or theie wl-
voraey of the less expensive * naotical suryoys"

The reorsmnizatiom provided for the smplovment of civilinns
apdd officers of the Army and Navy to serve direetly ander in-
structions from the Superintendent 3 thus securiese for the seryioe
thie opportunity to procure the best talent from either vivil or
wilftary hfe.  The oivil element, it was assimed, would form a
body of experts for the prosecution of those branches of the
wirk not |J-I'r.|]u:J'1"|.' talling m the dirvet line of the II'IiEihﬂ'}'. anil
experienoe hus domonstrated that while the results anticipated
hoave been fully realieed, the orgnoiation hes oot only proved
effective but conducive to thd sdvancement of the survey in
many wayvs,  The Civil War was aosesions interruption, but alose,
provid the wiklom of the civil organietion of the Buseaw, O
the outhreak of hostlites the military elomont was neoessarily
withidmwn for doty wath the Army nnd Nove ;oand W was not
untif ten vears after the close of the war that officers of the
Navy were sgain avallable, while officers of the Army, throngh
the exigencies of 1he M itary seevies, have not returned at all,

The organizatinn was preserved through these fifteen yonrs by
the permanent civil uoolens, mwl the work safferad no deterior-
tiom, but stendily advamied, notwithstaniding that the lareer num-
ber of the eivilinns ware constontly omploved during the four
vears of the war with the Armies and Navv, o differont enpaci-
ties on the staffs of commamding officers @ aml that the urgont
nevessities Of the govermment dovolved  ailditiooal  Iabar, and
temporarily, s new olngs of work upon the offiee foree in conmpil-
ing, dranghring and publishing maps of the interior Tor the gse
of the Armies in the fiehl.  And when findlly, onr Armdes wero
dishanded and our fleets redueed to o peace basis, and officers of
the Navy nesumeed the exvention of the Hydrographic work, it
was but to step into the duties of ther prodecessors ;o they had,
too, the additional wlvantage of the fifteen years” experience of
thi purely civil ndministration of the Survey, during which time
the trained surveyors of the lnnd bhad become equally expert as
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survevors of the water, and had added wor a litkle to the -
provement of Hydrgraphic methods.  The History of the Sur-
vey shows a steady advance in methds of work from its foun-
dution to the present day,  But so equally has the march of
improvement heen doe to the zeal and untiving efforts of the
civilinng and officers of the Army and Navy alike, that any dis-
tinetion wonld be invidious,

The iglﬂ_ﬂ of rearganization of 1543 E-ﬁ}'i'i-IuJ for o detailed
purvey of precision. It wis to be hinsed on an exact trinngula-
tion that would insure positive resalts, that the Jocation of o
danger or the development of a new cliannel; should  be heyamd
dombt ; and that the survey, when completed, should fit togetber
as one eontinuons line, in which the distance and direotion of any
ohject on the map from any other objeet should be true, whether
the ohiects were in laiting distance of one another, or ut the ex-
tritnes of our bonmdaries,  So well was the scheme conceived, &0
perfect bas it proved in opeerstion, that it is snbstantially the
guide for the elosing labors of the great work, notwithstanding
the many improvements that expericnce has wrought in the
details.

Those engaged upon the Survey have been quick to profit by
experiones, and the master mind of Professor Bachs, the sevond
Superintendent, was ot slow to sdopt that which promised -
creased weonomy, rapidity or improvement,  He drew from all
souroes, Spience coptributed her quotn and the great inventive
genius of the American people played an equal share in producing
the final results,

The researches that were pecessary to abtain the informnation
requirsd by law “ for eompleting an acournte chart of evory puart
of the cousts,™ have produeed results of great économie and
aciohtifio yalue to the whole 'I::H_H‘:I,lltr, asida from their bearing on
the interests of commoree and pavigstion ; sud which will con-
tribute to the welfare of mankind long yvenrs ufter those who
labored for them have passed away. A brief referenco to o few
of the many instanoes that might be eited to illustrate this per-
petusl influence to benefit our fellow men, may not be without
interest to some of you present.

The application of the method of determiniog latitude by the
measurement of small zgenith distavees, introdueed by Captain
Anidrew Tuleott of the Engineer Corps, UL % AL, while SETVING
us an Assistant om the Survey, developed such radieal orrors io
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the star places given in the catalogues, that it led o oan almost
mmmedinte enll for bettér places, and arrangements were mado
with the observatories of the country to obrain the necessary ol.
servations; the Survey to pay for the labor involved.  Stimuolated
hy the knowledge that bettir work was required to meet the new
demand, observatories deficient in mstruments  prooured new
anes, amil soon [urpished more acenrate star places. . Continued
abservathon s addod siil]l furthar II].Ill]-I"'II'I.'l.'I:I'J.I.’l.'I.l until t:H]n_'l,r Wi
have catalogues that fumish the highest degree of precision,
Professor Chanvenst defines * Taleott’s method ™ as ¥ one of the
most valnable smprovements I|u"rl.|.-lia:!||.|. usteonomy of recent
venrs, surpassing all previons known methods (not excepting thsr
of Bessel by prime vertienl transits) both in simplicity and
aceuraey,”  Bat the advantages of the method have been found
to ke of o practionl nature alss; as 3t s prodoctive of largrs
economy in time and labor and has redueed the cost of the Sar-
vey many thousands of dollars,

The introduetion of the Eleotrie Telegraph was utilized by the
Survey immedistely on the practical aocomplishment of the first
line built, 8= & ready aud improved moans for determining longi-
tide. Indeed, bolore Prolessor Morse hod demonstrated o the
worlil the truthfuloess of hid theortes snd oxperiments, the bare
possibility of their snocess; amd availability in the lostant trans-
mission of time, had been disenssed on the Coust Survey, amld the
mothod to be first emploved fully considersd,. BBt ns in the
application of all things under pew conditions, cxperivnes i= the
toacher, and improvoments wer Freguently wade, antil finally
the invention and perfectiovn of the * ehranoeraph ™ hos hrought
the method to n degree of precision that little more éan b
locked for. This wethod of detormining longitude, introdueed,
fosterad and perfected on the Cogst Suarvey, has been more far
reaching than geographion] boundanes, All eivilized nativog have
udppted it as the  American Method,™ and by the grester ae-
caracy and reliability of the results the whole world hes profited.
The saving that has accerued by the more perfect determination
of lmgmtodes and the conseqnent inereased safety o commeres,
may be conntid by millions every yvear; until one stands aghast
in contemplation of the immensity of the sum, and fears to
reckon it, even approximately, much less to prophecy what dt
may reach in the future, The systemn is but a natural sequencs
of the development of the telegraph, but emphasizes i o marked



i National tieogragdine Magizine,

degreo the spirit of progress: that has ever been the notive prin-
ciple amd guide in the condnet of the work, aml advaoeed s
methods to a state of perfection that has callod forth the admira-
tiom of thee seientific worlil.

The determination of the magnetic elements hase bheen s sule
Foot of investhpation from the early davs of the survev; the
]-l;nn:rwlwigv -i|111_1_.|_'ht wits wsseptuil o the nn\'i;._rtll_ut'_ anil in recont
Vi, cspecilly, has proved 1o e of the grentest practienl voloes
o shore. Limited By small approprintions the researcl was at
first =low. Hot a trost fund left by Professor Boche, who
always exinooid the warmest interest in tits partioular nviestio-
tiom, addded Jargeiv to the rapidity with which observations conli
be obtamed, aotil pow we have magnetic mppes of the United
Sr;n_l_-p. of snch reasotphle 'IITI"E'IL'-.'il'JI:I thnt 1|11.:_'I|_ are antharitarivi,
anl are in almost daaty demamd,  The results gy wore far reacl-
e than their mere talalation for the virrent vear, s laws have
been determined By whiel the declination in g livality can be
ageertained for any vear in the guist. |

There are bul few ploces where the noedle remains stationniy,
or points in Lthe samg direetion, for any great length of time ; it
wven chanres |i.'.|.ii"|.' amd darioge the hoors of aoday @ bur the
appregate for aovenr will rarely exeood theee or four minutes of
are, 1 wo refleet then, upon the grent use made of the composs
in the settlement of the continent, amd the proverbial negleet of
the conntry surveyar ol Hhase alavs to record the loead varin TN
or declination, with lis work, we may soe o litthe of the utility
and practical purposes toowhich the resnlts are constantly heing
um.li;_-.i, Property so little theught of & huandred years ngo that
n few aores more op Jess, Lot or aequired, in its transfer defined
by compass survess, may =uddenly assumo o value In thase days
of progross that every square foot s worth dellars. When a
dispitite hrises, dieds are pxammed, lost wr oblitorated marks are
diligently soeht for, perhaps one i fouml, sarveyors s em-
ployed to ran ont the lines but only make the confusion worse,
listend of a few rods that were o doalt gecording to the best
information, the survevor’s line makes 1 acres, and litigation
looms up to eat the profits of the sudden rise, atil there seems
even then no satisfactory solution of the vexing pm?ilem. How
valuabile then most be the fact, that it is possible to sompute the
varintisn for vears back, to the time the original snrvey was
made, and furnish the deflection that will resrun the lines so
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oloarly a# to render the desoriptions i the deed intelligible,
This is but.a single tnatanee of the praction]l appliontion of the
knowledge gained @ and if its general ssefulness may be juidgad
by thie numerons inguiries made of the Bureau, it 18 not imrensaon-
able to pssume that time will bear inereading vestimony of its great
ceonommie value Trom those who traverse the land, as well ps thosae
who sail on the waters,

The study of the roonrrence of the tides along our extensive
Coast lines, and determination of lnws that would satisfy the
great varianee in the different perkads, wis o problem of ne little
mungnitide bt the greatost possible nportanee to our commeree.
Mueh of the teathe along the coasts literally moves with the
tidiss, amid the cost of transportation i= enhanoed or dimiuished
na the tide retards or advances it Hondreds of dollams of ex-
pense may be mewrred onoa snglo esrgo bt muas enter on the
mgh water, but throngh mperfect knowledge of the master of
thar ship, 1= foreed after sighting his port, to wait for the pext tide,
prorhaps over might, and 1= driven 1o sea by a suddin storm and
the voyoge thade several days longer,  Soel wmishaps are not
mfrvguont, aml even @t the grest port of New York certsin
clamses of vesaols muost “auit for the tide”  The inyestigation of
thiz comples subjeot has resulted in the acquirement of o knowl-
eidge that enables the prediction of the tme of high and low
water, and the boight of the tidal woave, veanrsin sildvanes § aml the
mariger may now earry with him the tables pablished on the sub.
jeet wherever he govs, und be independant of the dopbtiul com-
murneations he may otherwise receive from the shore,  How many
lives, how muny dollacs; have been saved by the knowledyge
gl ¥

Bat the investigation of the Tidal phenomenn s of groat sei-
entific dmportance aiso;oand o preactieal assistaner an the great
IJEU]JIL"]HH irl'l-'l.lh'i.ﬂ.l il 1.IJL" I“"E'H"l_-'i'l'.lutulll'ltl ].I.H".I iII'IIII.'IT'L'-Il!“.-Ilﬂt l'!f (AN
harbaors, but in this conuection it peabably falls more properly
uider the bead of that grenter study of the curvents and thoele
effvots 1o the erosion, and hl.l:i:.'fllillr_l|+ af the shores 1 the movenet
of the sumds and formation of shoals pil ehinnnelss permsd © Plivsi-
val Hydrography.”  Our commeree divponds [nrgely on this study
for it perpetuation, for withoat harbors commeree must oease ;
and without harliors that will admit vessels of the largest elisss it
must deteriorate,  I5 commmeres finds imereassd preotits in large
vissels it demands inoreased facilities, and the bars to the har-

-
L
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bors with bat six or eight feet of water on them a few years ago,
must have ten, porbaps fifteen feet now, or the people must
guffer their trade to pass to some more fortunate or energetic
neighbor,  This may be a hardehip ; but the demands of trude
are inexorable, the profite must be reasonably assured, and those
who would have the trade must eomply with the réduIrements.
Thus wi see the striving for harbor improvements ; the weakest
making the greatest outery that they shall not be left in the race.
Andl the il'l!prn'li'umt-lu_-i mist coine 10 the end, or Gt least be nt-
tempted, for it is as mnoh a law of commerve not to be hampéred
by smnll freights, as it is the lnw of nature that woter Bows
down hill

Thae outery. for * improvements " never grows weaker; 1t is the
expression of a sineere comviction that the life of the community
anid the welfare of the * back country ™ dopertid upon ite sucoess
for prosperity: it will not admit o rebuff oand Enows no such
word as fatlure.  Allegwl anthorities are consulted, o scheme of
improvement ¢ proposead amd Congrresy s asked to vite the
money, and Hnally the mprovements sre attomptod. To be sae-
eossful, the plan must conform to known general laws and the
peonlinrities of loeal conditions, muny of which are ouly aseer-
tainable by comparison of surveys at different periods.  Theories
advaneed on data collepted by onesorvey, moy be strengthened
or disproved hy the Tacts ascertuined inon subsegquent survey;
amid M mﬂ}'_ when the P]uu ]nrnpnwl‘l meeta the peneral lows
and the local conditions at the same tune, that it holds out
promise of sneeess  The stidy of the guestions involved has
boen greatly aided by the work of the Coast Survey in improve-
ments alroady al I‘;|=_':|'.|'|'|:I1'-|"l]+ nrvd will b of predtor pesistines in e
futnre. A positive knowledge of what the loeal vonditions were
when u hnrbor was gt its grontest capaeity, & of the greatest help
in indieating the impmnrr"lrwﬂh HOTUESATY Lo FesElore i, af et de-
teriorntion, oF to maintuin it in the fall measure of it nsefulness,
Rolinble: charta do this, but they ell only half the story. A
canse must bo foond for the effeets that have been produced,
anid the rmm‘_-df ﬂﬂ_ﬂ'geg_te-l’l must, overcome that sause or control
it, that it may work good instead of evil. In Physieal Hydm-
graphy we learn the forces that nature hus given us i the tides,
the currents and the winds, aod divert them from powers of
destruvtion, a2 man in his ignormes mpy have load them, or in
their warfare with one another they wmay have led themselves;
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and bring their mighty influence to protect, mprove or maintain
that which we originally had.  Many harbors have suffersd in-
caloulable injury theough the recklessness of these who live npon
them, and whose daily bread i dependent upon their preserva-
tiony until the evil has bécome so weeat that eommereinl eities
bave now * Harbor Comnunissions,” whoss spevind funetion is the
proservation and impreovement of the harbors,  The origimal sure-
veys muadp by Const Survey are the foundations on which they
very generally must build, while re-survevs point ont to them
the obstacles thut must be overvome,  And thus it will ever be;
andd future generstions endesvoring to st the demands of oom-
meree for inerensed facilities, will bhave stlll erester ganse for
thankfulness, that the wise wmen who thut;gllruqui the work of
the Coast Survey, determnimed that it should be oxeouted with
uvery improvetoent thar seience could devise; and that the able
men who eonducted i, did not vield to the ¢lamor for guick
retarns and cheap resalts, of ooly momentary value,  They will
realize by the bimetite they will derive from 1t asdo those now
living who have warched its progress and dovelopment, thay the
et 1= the {’:lit':tht as 1t well by nseful ﬂtnru_L_rh all tiree,

I 1871 Congress aanthorized the execution of a Geodetic te
angulation aeross  the contivent to sonnect the great primory
triangulations along the Atlantic and Paclfic coasts, and pra-
vided that the trinngulation should detormine positions in those
Stotes that made requisite provision for topographical and geo.
lowtonl survess of their own tomtories,.  Each vear sinee then, a
gnall sum has been expended on these works with gratifying
ristlts to the States that bave availod thomsolves of thi assise-
ance. But it was not ontil 1875 that Congress designnted the
Burcau as the * Const and Goodetio Survey,” the official vitle i
bewes a1 this tme,  Many comments have been passed npon the
action of Congress i extending the field of the survey to the
interior in the estubifishment of & © Geodetie Survey,” which las
beem lovked upon as b purely seientific researeh for which the
peaple had oo immedinte ode, and conld well affard to wait. Bu
if the free ey D jt[-fg__rt-l] h_'n.' its fruit, there will be no lnek of
testimony o the voonomie value of the Geosdetio Burvey in the
tiear future; nssde from 183 sofentific and proactionl aséfulness in
l.lllrﬂu'.[.inﬂ Lh Suryey of the Comsta, §rowall eviniually be the
basis for a precise sarvey of the whole conntry, ditermining
houndarvies, sertling disputes, and furnishing  inecontrovertibilo
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duta by whivh later generations can reproduce the marks placed
by the loeal survevors who make use of i, should they beoome
obliterated or lust; thereby pansing a direct incrense in the we-
enirity of propecty boundaries;, and dimination in htigation that
now costs millions of dollars suuually.  Some of the proctiead
advintages to be derived from such o work, are now being de-
monstrated in Mossgohosetts in the * Town boundary Survey,”
as it 1= ealled, in which the corners, or turning points of the
boundaries are being determined trigopometrivally in s sohesi-
dinry work based npon the f:'-f-rnirt’lr_'r.rinngl:u!nlinn of the Coast
Survev. Hach boundary corver in this scheme becomes o fixed
point, and the dretion and distanes of many other corners ane
st ol ||_.|_'1_"|J.:|'I'|..'[J-'!-]'_!.-" ascorfpined] o thelr teoe relations to i The
town Dboundaries will in doe time be made the bases of reference
for nll loonl surveys and subdivisions of property; so that, even-
tunlly, thero will be developed o eadastral map of unrivaled ex-
dollence, to supplement the Topographion] map that has just been
comipileted,

The imperfevtions of oar *land surveys,” brillinnt as the
seliome was coneeived to be ot the tine of it nangoration, de-
monstrate only too olearly the extravagunce of primitive methods
in matters intended to be enduring,  As time passes and pro-
perty taken up under the * lad survey ™ hecomes more valuable,
1he Iiiﬂii:ﬂﬂt:r of accurately iduntifying hoomdnries Lecams more
werions, until finally, it isonly after long litigation that righta
are determined.  The inherent defect o the land Ssurvey tooae
complish the purpose for which it was designed, les io the fact,
thut while it parcels out the lind, or 0 seetion of land, m n gven
numbar of lots; it Tnils 1o |rn*.|'|.f[=:|r the means for jdentifying the
boumdaries of  the lots at any future time; the marks placed for
this parpose become obliterated or perhaps are moved by design:
ing men, until a large area may be involved in grent upvertainty.
A trimngulation covering the same ground aod controlled by
Groonletie work, determining the trae positions of thie ol wnarks
that may be left, would be the most economical and precise
methml of relioving these uncértainties and fixing for all time
the lieation and boundaries of the lots originally parcelled our,
Ly observations and marks that cannot be lost or obliterated.

The systom of weights and measores in uwse throughout the
country is fargely due 1o the patient labor of the Copst Survey,
Requireid by lnw to have standards of length, the only buareau in
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thd public serviees that rorgitireil sueh o measare of precision, it Wi
in the naturnl order of events that the Superintendent of the Sur-
wor should also be chargeid with the maintenunoe of standarids of
Waoight and Uapacity.  The dupheation of standards for the use
of the poople was begun pmder Mr, Hasslor, so long pgo that the
svétemn has really grown with the populations. Wise legialution
has fostercd the sentiment of uoiformity until we are indeed
blessid, that wheraver we way be o all our browl domoain, a
pontnd is a pound, a yard is s ovaed, and o bushel is a boshel,
Manufacturers reevive their standards from the Buareaw, and in
specinl enses have their prodoete tested and cortified.  And idi-
viduals engaced upon work of grest refimement, scek the stamp of
the Buoteau, slso, upon the mensures ot which they must rely.
But &0 eareful is the Burenu to preserve the integrity of 1ts cortifi-
ente, that the sthmyg = refused except on witches or mepsures: of
approved metal ool workmanship,  Business mon realize i every
day life the beoefits that have been derived from the stmple Jegris-
lntion that nangurated o sapervision over the weights and meas-
nres of the eountry early o Her history, though they may hayve
T l"fltlllf'llfl-lli.ll'll l"-ll 1.IJI-' 'I-"lil"l':-l.."l. lL[I'lIrJ;I.":I"J'I!-'I- T.ITI:"-E" ﬁ"f‘llill hﬂ.l"l' hl;"'ilﬂ
stihjected to had the presecvation and daplication of standarids
not been provided for,

The liambred time assigmsd to me will ot pormit o detdifed
stntement of the resesrehes made by the Burean o all the dif-
ferent branches of scienee related to the practical condnet of the
work, much less n refercoees, even, to the IANY T Irover ents
mstitnted i the Irnl-l::ti:'-:'r of surveying. As in the ease of the
observatorice ealled upon to replace their defoetive instruments:
with those more refined, to enable them o furnish stur places of
sufficient preciston to meet the improved method of determining
latitude, so has the demand ever boen upon the experts employed
upon the work in all it brancles  The Triangulation, Topog-
raphy, Hydrography, Astronomy and Magnetios have all passisd
through several stages of development and improvement  in
methods nnd instruments, to meet the requirements put forth by
those charged with the conduct of the work, that the full mess-
ure of Imrmnn_lr domired should be securmd and that they might
supply the demands made npon them for information.  Tmperfioot
resnlts indicate defects to be remadiod, and it is to the eredit of
thiose who performed the Inbor, that they overenme one diffionlty
after another as they were developed, until now the methods and
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instruments in the hands of experts, will produce far superior re-
sults at a much less'cost than was possible at the time the Survey
was inangurated.

The charting of the great ocean enrrents, bas loog been an
interesting investigntion to hydrographers the world over. A
sketeh of the efforts, projects, and devices that have been resorted
to hy the Coast Burvey in the attompt to unravel the mysteries of
the Gulf Stream, would exemplify the sontinuwous demand for
improvement and new exertions under which those employed
apon the work have always labored, although the full measure of
knowledge songht has not yet been obtained.  But it is not neces-
gary to cnter into these details at this time; let it suflice that
many experiments and failures pointed out the path to be fol-
lowed by subsequent observars, and stinulated o new efforts,
until at last applisnees have beon perfected that heve alresdy
produced wonders, and it is safe to predict, will ere many years
show the ocean currents on the echarts of the world with the snme
relative precigion that the ourrents in a river or harbor can now
be indicated. Lieatensunt Maury gave us ourrent charts that
werp n marvel in their day, but his information, or deta, was
defective, and hix conelusions, therefore, only approximate ; and
how to improve on the data he had, has ever sinee been the sib-
jeet of research, The depth of the ocean is necessarily un im-
portant factor in the study of its features, ns erroneons depths
lead to false hypotheses. The introduction by the English of a
method of sounding with a wire, has therefore proved an im-
portant advance.  American officers have perfected the apparatos
and severvly tested the methods, démonstrating the reliability of
the resulte and the total unreliabiliey of the old deep sea sound-
ings taken with a line. These acourate wire sounidings have re-
vealed new faots, disproved old theories and formed new ones to
guide fature researches.  So succsssful is the improved spparatus
that spocimens of the bottom of the ooesn have bosn brought wp
from s depth of tive miles.  The great value of this aystem, how-
ever, 18 not confined to the mere ascertainment of depths for the
hydrographer and cartographer, as may he readily demonstrated
hy referring to the reports of the Fish Commissioner, A further
step towards improving on Maury's resulta 3 the crowning glory
that is to shed light on much that has bean dark, and traee out
those coean aurrents we have heretofore vainly endeavored to fol-
low, is found in the invention and deviees of & naval officer
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attached to the Survey, wherehy he ean auchor the ship in mad-
ocean and observe the direotion and wvelooity of the sarrent as
from a stationary body, and with o *eourrent meter,” wlso his own
i:n'h'-r'l:iﬁr,:lil.. l'l.l'll'ﬂ‘.l?ﬂ.l_" '.Il'l.'! L= AL fﬂ.L‘lu-I"'F. hl:lll*.'].l!‘l'-l. | ||'I.. r-l!!:lt 1"'."”" 1.I|‘|"'
surfnee ; thus ascertgining not only the movement at the surface,
but the depth of the body of water that moves, and the veloeicy
at various depthe, so that finally we have the volume—a gquantity —
to ba followed until it meets other earronts oF i absorbed in, the
vast expanse,  Already current observations have Deen reconled
with the ship anchored at the great depth of eighteon bundred
fathoms ; nud areangements bhave been perfected that it s be-
lieved will provesoecessfal at the greater depth of three thousand
fathoms, It s impossthle with our superficial knowledge of the
great ooenn eurrents to etimate the benelits that will be derivied
from their systematic explorstion. It @8 not probable shat the
absolute determination of their limits would produce sueh g revo-
lution 1n navigntion, as woas cansed by Maury’s wind chares, but
it is reasonably certain they would prove a valuable assistanoe to
the nuvigator, and in the gront channels and bays of the world
increase his facilities for the sueceessful navigauon of s ship,
Not a little of their value, perhaps the larger part, will be of an
indirect nature, resulting from their study by investizstors in the
nafurnl setences intervated in utilizing the bounties of natore for
benefit of man.

The Survey was instituted for the deterounation of faets; and
the presentution of them in an intelligible form, [t does not pro-
mulgate theorivs, sl hax no use for them beyond the assbstanee
they may be in indicating the hoe of rescarch necessary (o ascer-
tain the faete = bat rather legves to the student the formuolation
of the theories that may be deduveed from the facts presented.
The publications of the Survey are, therdfore, calenlated to con-
tain only useful, practical mmformation, on the subjects of which
they treat.  An examination of them will show this to he the
ease, and further, that error has more likely been committed by
over-cittion, than a toeo free nse of the maternal ot command,
Doubtless mueh has been suppressed through lack of means, as i
bas always been the sim of the Supernintendents to expend the
appropriations in producing the most osefol resalts, whether in
surveys to be made or facts to be published, It peoessarily
reqEITes many vears to complete n precise survey Over a large
area ; and in the work of the Coast Burvey, with the people in
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all soetions of out extended doust oo petitioning for surveys st
thir s time, the problem was heset with additional diffiooltics
Fortunately Congress presariboed the method on which the work
should be condueted, and thar the metliod permitted making sur-
vieys widely separptod with the cortainty that they conld eventu.
ally be joined and form a consistent whole,  Boon after the plan
af rearganigation of 1245 had been adopted, surveving parties
wirte on the Atlantie and Godf consts af muny points; the prinei-
pal harbors and hendbandas with outlying shonls were first sur-
veviesd and it was hut a fow vears héfore ehinrts of thein were pub-
Finlund,  The less dmportant shores between these polits wirs Jeft
for future work, but Hydrogmphic sxaminations or Naotienl sar-
vers, word made of them, and preliminary charts of long stretohes
of vonst wore =saed, 1o be followed when the surveys had been
completed by 1the finished chart of reliable date. 8o elastic was
the syatem adopted for the conduot of the work, that it= avails-
hility was limited only by the annaal appropriations,  Soon after
the annexsation of Texas surveying partics were on that eoast, and
o e :.'.t_'rllil'iﬁh.liﬂll of Ualiforma a few Vi l11'|lh'l’4|lil1l1ll:h‘ !iﬂ.t‘l.ir."l
ware soom at work there also ;3 and after the elose of the war andd
prreluse of Alaskn, the immense field thas apensd was attneked
with ecqual promptyess, und o reconmaissamee wade thar resnlted
in o map of considerable acowrmey.  As the pricise surveys waore
evxtenided the charts and plans publishod from the peeliminary
sarvers were withdrawn, the pew charts neces<arily having Iater
dates;

The original surveys of the Atlantic pnd Gulf coasts are now
practically completod, hat very little more romaining to be done
m a few compuridively unmmportant localities. On the Pacifie
const precise surveys supplemented by carelul reconnpissanee of
loss Dmportant siections, define nearly the whole antline, excepting
Abluska, bt o great deal of work = still required to obtain the
full measure of information  peesssary o0 pevuratelys ohare it
And o Alaskn, Noutical surveys have developed long stretehes of
thie “Inlond paggage ™ and the mest anportant anchorages, sup-
I_rlu"“,"]'i'[“llr-.':'!hl‘ poneral reeonuilsEanoe of the wholo ooast line,
A vory large proportion of our shioress howoever, are subject to
suchk radical changes from patural onoses, that the sarvey of the
const can nover be brouwgeht to final completion,  Kxaminations
il ressurveys are as essentisl ns was the origingd work, if the
material alrewdy acquited ix to be maimaimed in the full measare
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of its uscfulness, and commeree i= to continue 1o reap the legiti-
mate lenefit of the expenditiores aleendy inenrred. Fortunately
the survey has boon condueted on el sound principles it maests
the inereasing regquirements for necuracy demanded by the nayi-
gation of to-day, as fully as it did the mor simple needs of the
nuvigator of forty vemes ago, and 1t i fairdy believed, whatever
may be the noeessitivs of the Tutnre, that it will still supply the
mformation desired,

The Surveys are published i four hondred and fifty chares
desigmed to meet the varions needs of the Navigator sl Civil
Engineer, for eithor general or losal purposes ¢ over thirty thou
sl ecopies of thesy are isned annuilly and there is a sweadily
tnerearing demanil.

The aststance rendersd to the armies and fleets of the Uniomn,
in the e Civil War, is o chaptor in the history of the Survey
that should not be forgotten.  The offier in Washington was
hezot with demands for mformation from all over the country,
for deseriptions not of the copst alone, bat all seetions of the
mrerior representing the seat of war.  Fortunately the exports
were there who, wnder the dirvetion of able chiefs, eonld ealleer
and compile such watemal as was available, 'he labor of the
affice in this cause reanlted in the pablication of a series of “ War
Maps™ of the interion, for which <hero is fregquent demand even
at the present day. This was all additional work to o foree
alvedy overbnrdened in the preparation of manuseript nps aml
speial informntion, compiled from the reports of the Field par-
thes : especially of thowe leenlities that hal only recently been
surveyed,  Aod in all the din and exeitement of the eall to arme,
with hosts of stalwart, honest mwen assembied around bim, that
might wive in their leaming o wisdom of the world, the con-
trolling mind of the Survey, that lad labored diligently and
sotight knowledge patiently, was o chosen counsellor of the Chief
of the Nation,  Theelining military hotors, the profession in
whivh he hml been edoested, be devoted mself with renewed
eneray to assisting the nation's efforts in those sprvial dutivs he
koow so well how to porform, A patriot Timseld of the purest
tvpe, he inspired those around him by Lis ennubling -Lpir].: anld
xeal in the canse.

An avernge af (wenty parties were muintained with the Army
and Navy daring all the vears of the war, rendering services of
acknowledged value to the military forees,  An officer of the Comst
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sturvey piloted the fleet imto Port Royal § another led the Tron
Clads o the attaek on Swomted 5 oo third stationed the: floet m the
bombardment of Jackson amd St Philip ; and a fourth retidered
signal services in the assault on Fort Fisher, Thev were on the
Peuinsitla, guide= in the wilderness on the retrest to Malvern
HE : at Chickamaugn, Knoxville, Misgionary Ridge ; the march
tor the Sen and pursait throngh the Carolinas 3 on the Bed river 3
before Petersbureh ¢ in the Soumds of North Carolma g the Sea
Islwnde of Georgin and Florsida and the swamps of Lowsiang ;
and, wherever they went, few in numbers though they were, they
waind hionor for their canse and eredit for their Chaef,

The Burvey of the Coast has exeited the admiration of the
whole aivilizad world for its thoronghmess and acearsey, and has
uot been exeelled by the most advaneed pations. [t has justly
bevn elaimed to be a wientific work, asowell as a practioal oo,
For seienee hng guided those who hove condooted it and led them
through the fields of their lubors on the only sure basis to pro.
donee knowledge.  And the great Enowledee that has been ac-
guires] by its seientific prosecution, i beyond comparison with
the litthe that would have resuited had it been conducted on the
less thorough methods of Nanticsl Surveying that have been so
varnostly adveeated.  We cannot compute the value of what has
been leamed in dolbars and cents; that it has gaved to the Nation
many times over, all that it has cost, does not admit of a douls,
Its edueational influence has been widespread, extending beyond
the sens, and coming back to us with cheering words of enoour-
mprement and praise.  Practical men tﬂ.ilirin;& the resulta of the
great wark in the business nffairs of Tife, use no stinted phrases
in the encominms they bestow upon it ; Military men compelled
to rely upon it in the perils of warfare, have not found 1t want-
ing, and have given only praise for the great help it was to them ;
Soientific men, ever watohful of that which is true, have approved
it the world over, and cite it as an example of the great profit
that may come to n-people, free to atilize Scienee in the conduct
of practical work.  Our justitutions of learming have adopted its
publications in test-books,  Our merchants venture mallions of
dollars daily on the veracity of its stutements, and our mariners
risk  their lives on the truthfulpess of the Sarvevs, Tt has added
to the prosperity of the sation in peace—to her glory in war ;
and when history shall record its awards to our people, there will
be no page of the galnxy with more honor than that which bears
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tribute to the genius of American Science, in the work of the
Coast Survey, From ignornnee most profound we have been
ruised to knowledge almost perfeet; and well may the commercial
communities by their associations and exchanges bear the testi-
mony to its value that they do, and have done in times past ; as
might the whole people for the wise legislation that established
the work, that has defended it, and we may hope will perpetusts
it for its inestimable benefits 1o them all
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THE SURVEY AND MAF OF MASSACHUSETTS,
By HExny (JANNETT,

Tux Geological Survey 15 engaged in making a wmap of the
Unitedd States,  This work wos commenced as an wdjuuet to the
wolomeal work, and wibs rondered necessary by the fact that, ex-
cegit in limited aress, oo maps of the coonntey on any bot the
smallest seales wete in existones,  While these mnps are thus
primarily made to ald in the geolopie work and in the delineation
of geologic results, they are boing mulde of such a charneter as to
meet all reguireients which topographic maps on their seales
should subsorve.

The work s being earried on in varions parts of the country
amd 18 belng proseouted on ponstdornble seale, the annoal omtput
belng betwesn 50,000 and 60000 sq. miles of surveyed area,
Commencesd in 1822, the work has been extended over more than
00,000 s, miles ot the preseot time,  OF this work the survey
of Mossachusetts forms o part.

[ =ome of its festures this survey woe o exporiment, It wos
the joint work of the State nmd the Tnited States, snd, so for 55
| know, wias the first exnmple of such joiot work.  In the summer
of 1882 the 17, S Geological Survey commenecd topogeaplhie work
within the State, the scale adopted being very nearly 2 miles to
an ineh.  Only s hegioning was made daring the season, and in
the following winter the Governor of the State recommended to
the legislature that if practicable adventage be taken of the
opportunity, aml an arraugoment for cooperation be made e
tween the State and the Geological Survey, by which a map wpion
A larger seale and with o greater degree of detadl might be ob-
tained a2 8 result of this survey,  Aceordingly, after some corres-
prornedenee with the Director of the 1. 8 Geologieal ﬂ-l.lr-"-.'é-}', Lhe
legislature authorized the appointment of a commission, with
power to make an arringement with the Director of the (Feologi-
cal Survey looking toward the result above indicated, and appro-
printed S40,000, being hoalf the estimated cost of the survey apon
the larger seale, 10,000 of which was to be available the ficst year
and 15000 1o each of the two subsequent yvears, The following
18 the text of the hill, which i= in many respects 8 model legisla-
tive document :
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{hnm OF MAsSEACHUREETTR.

Resofve to Provide for a Topographical Sarvey and Map of the
Commonwealth, (Uhapter 72, 1884)

Resodead, That the governor, with the sdviee and eonsent of
the couneil, be and §s hereby gothorized to appoint o Clomomission
to consist of three oitizens of the Comimonwenlth, (qualifiod by
eddneation dnd experienes in topographical selenee, to confor with
the director or representative of the Toited Staes Greolozioal
Survey, and to acoept its cotperation with thig Commonwealth in
the preparation sl completion of n contour toppgreaphieal survey
and map of this Commonwealth hereby authorized to be pude.
Said Commission shall serye without pay, but all their necessary
expenses shull be approved by the governor and souncil, and paidl
ot of the tregaury.,  Thia Comnnssion shall have power to arrangs
with the Director or representative of the United States Geologi-
ual Survey ounoerning this survey and map, sts seale, method, v
cution, form amd oll dotnils of the work in bohalf of the Commion.
wealth, and may sccopt or refoot the plans of the work presonted
by the United Stares Geologien]l Survey,  Said Commission mibiy
expemd in the prosecution of this work asum ogual 1o that which
shall be exponded thervin by the United States Geologieal Survey,
but not exceeding ten thoosand  dollirs, daring the year eoling
ot the first day of June, eighteen huodoad and cighty-five, and
not 1o exceed the sum ol Gfteen thousand dallars in any one yesr
thoereafter, and the total oost to the Commeanwenlth of the SUEY oy
shnll not exeesd forty thonsand dollurs,

Lo purenanes of this fesslution Gov, Rabinsen appointed the
followinge wenthomen as eonunisgioners on the part of the State -
Gion, Froneis A, Walker, President of the Maegelnsetta Ingtitote
of Technology, Mr. Heory L. Whiting, Assistant T, 8, Const andl
Goodetie Sarvov and Prof. 5.8 Shaler of Flarviaed Cullogs,  The
Drireator of tny Goolorionl survev, updn being notiflod of this
action, laid before the commissioners o proposition for a joint
survey i the following wwrms :

1. It is proposed to moke o topograplic map of the Swate of
Massachusetis, the expense of which shall be borne conjointly by
the Grevlogical Survey amd thi State of Mussaehysetts

4, The Borden triangulation and the Coust and Geodotic Survey
trimmgulntion will be utilized a8 far as possible, and additional
trinngulation will be made to such extent as muy be necessary,
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4, The topographic work of the Cownst and Geodetic Survey
will be utilived as far as it extends.

4 The survey will be exeouted in a mamer safficiently elabo-
ornte to congtruet a topographic map on o seale of 13 652,600,

5. The topographic roliefs will be represented by contour Tines
with vertieal intervals varving from ten o fifty foot, g5 such in-
tervale are adapted to Joeal topography.

. As sheets are complotod from time to time copies of the
ssme will be tepnsmitted o the comamission.

7. When the work is completed and engraved for the Geologi-
el Survey, the Commission, or other State authorities, may have,
at the pxpense of the State, transfers from the copper plates, thas
raving the State the cost of final engraving.

8, The survey will he proseouted at the expense of the Geologi-
eal Survey for the months of July, August and September.  Dur-
ingr the last half of the month of September the Comneission shall
examitne the work exeeuted up tothat time, and if the resuls,
methods pod rates of expenditure are satisfactory 1o the Come
miszion, the expenses of the work for the wonth of October shall
b horae h}' the State of Mllﬁﬁﬂ:'hllﬂi'ttﬁ. {or the month of Naovem-
ber by the Geological Survey, and the work thereafter shall con-
tinne to be paid altoraately by winths, hf thie Greolugieal Survey,
anil the Stave of Mascaehudetts severally.  But as the larger ex-
st ineldent to the beginning of the waork s impaosied on the Geo-
Togrieal Survey, at the eloso of the work the State of Moseachusetts
shnll Ly sl milditional amount as {TIRY Tost neveskary. to l!r.lll]l.li!.-li'
the expenditures; provided that the total expenditure of the State
of Marsaelmsorts sholl not exeved forty thousand dollars (84000003
ainl i the eomplotion of the survey of the State of Massachusetts
witel thee preparation of the neeessary maps on the plan ndopted
by the survoy shall exceed in pmount eighty thousand dollars
{&x50,000), then sach exeess shall be wholly paid by the Geologi-
el Survey.

The comuiipsioners sugoeytid some winor amendments o this
|I"-I‘H[11Hi|-iﬂll.: whieh were seceptod, amd ander these  provisions
work was commenced aml earried forward continpously to jis
completion, The field work of the stare was finished with the
olose of the senson last fall, and the drawiby of the maps = now
stibstantially done.  The work wuis doge mo the fiehd with such
necuraey and seh degree of detnil as o warpnt the poblication
of the map wpon a seale of one ineh to o mile, or, what i prae-
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tically the same thing, 1:62,600, The relief of the surface is
represented by the contour lines, or lines of equal elevation above
wed, traced st vertical intervals of 20 feet.  These contour lines,
which are becoming a common feature of meddern mups, add an
additional elemont. They expresss quantitatively the third dimen-
sion of the country, vig: the elevation. An inkpection of smch
A map not only shows the horizontal location of points, but their
vertioal location ns well Tt gives the elevatioos of all parts of
the country represonted, above the o

The map represints ol streams of magnitude suffioient to find
place on the scale, and all bodies of water, as lakes, swnmps,
marshes, ete,  In the matter of culiure, in which detinition is
muchided all the works of man, 1t seemed desirable to reparesi
only suweh as e of worelatively permanent natare, and to exelnde
temporary works, for the very apparent reason that if temporary
works were ineloded, the map would be not only a constant sub-
jeet for revision, but even in the bnterval between the surviey and
the publication, the culture might change to o large extent, ol
the published map be eorrespondingly incorreet from the ontset.
In searching for a eriterion which could e consistently followed
i distinguishmge between eolture whioh shonld and should not
be reprosented, it was found thet by limiting the represontation
to thut which may be denominated public culture, that is, that
which has relation to communities, as distinguished from individ-
unle, 3 consistent Hoe eould be drwn, Adapting thia eriterion,
the map contiains all towne, cities, villages, post offices, —in short,
all setthements of any maguitnde, all railronds and all ronds, with
thie wxoeption of such as are merely private wavs; all publie
canals, tunnels, bridges; Terres ind doms.  There were exeluded
onder thie roling solated howses, prvate roads, fénces aml the
varions kinda of crops, el Forest arcas are shown,  Subse
guently, bowever, i response to the prgent wish of the commis-
sintiers, the survey consented to locate the houses npon the maps,
although in the engeaving these have been omitted.  The omis-
siom of all pravate culture lraves the mips very simple and easy
to interpret. For convemenpe the field work was done upon
u larger seale thun that apon which the maps were to be pab-
lishind, vie: o wenle of 100000, or o lHtle more than denble the
publication seale.  The map of the state i planned = some
prised in 52 atins sheots, each of which comprises 15 minnutes of
lavitude by 16 winutes of Jongitode sod an area of about 225
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S| Har milés, Thess shesta Ut the seale of puhlh_'u.'tiun are
about 1574 lnches by 13 in dimensions.  In two of three cased
along the coast it seemed to be in the intrest of economy to
vary from this arrengement slightly, in order to avoid the multi-
plication of shests Many of the sheets upon the borders of the
state project over into other states, and, in cases where the area
lving without the state was small, the survey was extended
bevond the limits of the state, in onder to complete the sleets,
Every map is a sketeh, which is corrected by the geomerrie
loeation of wgreater or less pumber of points. Assuming entire
MCHracy i the loeatinn of the tmihtm that i=, nesuming that the
errard of loeation of the points are not perceptible upon the
maps, the medsare of secnracy of the map consists i the num-
bor of thise goometrie lovations per unit of surface, per square inch,
if vou will, of the wap. The greater the number of these loostions
the ereater the aecarnes of the map, bt however mimerons they
mny be the map itself is a sketehy, the pointe loeated being simply
mathematioal points. Whatever method bo emploged for mak-
iug Lhysee gt-m:mlri-: loeations, the Ii!il'rh']ﬁng 18 !-Tl-h_r':fll-l:lﬂﬂﬂ_'_ll- the
game everywhere.  The methods of making these Toeations must
differ with the charmcter of the country, a8 regards the amount
anid form of it velief, the prevalenee of forests and other citenm-
gfandes.  There are two genwrnl methods of making the wo-
mietrie loegtions used In sarveving: one, by trinngmlation: the
other by the measnrament of @ sSingede diveotion and o distanioe,
which iz the method emploved in trovesse sorveyig.  In proe-
tiow, the two mothods are often combined with one another,
Bath methods havi been emploved in Mossachusetts,  The funda-
mintal basis of the work was the traoeulation which had heen
enrrivid over the state by the 17, & Coast and Goodetie Survey.
]_-'F}r this snrvey pnirl.ti- wornr locatiel at whle interyvals over the
etale,  Besides this there was sxeented Detwesn 1850 amd 1840,
at the wxpimse of the state, n trisngulntion known as the * Hor-
den Strvey.™  This locatsl o mueh larger number of points,
bt less prepisely,  The Cogst amld Geodetle Survey kmdly wtiler-
tinsk thin uﬂjugt:unnt of thi= traneulntbon too nn uJ!.l:t'u-utllL’-Ilt with
ite own work, and, s many of the lines wore common 1o the two
pivees of work, the loctions mawde by the Horden Survey  were
by this adjustment greatly strengthoned,  Even after this work
was done, however, there romained considernble areas which
were destitute of located points, and it beeame necessary to sip-
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plement it. This was done in part by the Const and Geodetic
Survey and in part by the Geological Survey. By these several
agencies upwards of 500 peints were made available for the use
of the topogriphers.  These are in the main well distributed, fur-
nishing wpon éach sheet a sufficienoy, while upon many the mum-
bor s greatly in excess of the reguirements,

The wark of location has been done 1 different parts of the
state by different methods as seomed most applicably to the dif.
foring conditions of relief, foreet covering and oulture. Throogh-
out most of the western part of the state the work was done
entirely with the plane tahle, using the method of intersections as
the menns of location.  Each plane table sheet comprised  one-
half of an atlas sheet, cut along o parallel of latitude. The plane
tabler, sturting with three or more loeations upon his sheet, fur-
nighed by the triangulntion, expanded over the sheet & graphic
triangulation, locating thereby o considernble number of pomnts,
before commencing detailed work, This was done sz rapidly ns
passible consistent with & high degree of preosion.  The resson
for covering the sheeot with the gruphio vrangalation beforehnnd
Iny in the necessity for locating a considernble number of points
before the sheet had opportunity to become distorted by alter-
nations of moisture and deyving,  This done, the plane tabler
went on with his venal routine of work, loeating mmor points
and sketching the topography in contours, The map was as far
s possible comploted upon the stations, with the COUNLEY in View,
Elevations were determined ns the work progressed, with the
vertieal cirele of the alidade, and minor differences of clevation
betwien points whose height was known were mensured hy
aneroid borometer.

In this work severnl different forms of plane table bave been
pmployed, It was commenced with the large heavy movemens
designed 1 believe by the Ceast and Goodetic Sarvey.  This,
however, was found unnecessanrily heavy and combersome, and it
was discovered that the reguisite degree of stability could  be
obtatmed with much lees welght,  For this plane table movement,
there wis sbon substituted amsther form in use in the Cogst and
Geodetie Survey, which is very much Dighter.  Thin was aoon
improved by taking off the slow motion m azmoth, which was
found to be wnnecesgary, and the hddition of more powerful
clampe, for the purposing of remdering it more stable, A still
more stahle form, however, eoupled with even less weight, was

B
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designed by Mr, W, D, Jobmson, of the T, 8. G. 8. and was im-
mediately adopted.  This is substantiolly 2 modifieation of the
ball und socket movement, It consists of two cops of large sl
fitting closely to one another and working within oue another in
stigh n way as to allow of the adjustment in level, and the olamp-
hlg of the level uﬂjujullullt 1ﬂdul‘1ﬂtllfl‘lllli‘\r af the arimuoth move-
mont, elamps for both level anid azgimoth adjustments being under-
nenth the instrument.  This form s extremely stable, admits of
quick adjnstment and leveling, and it has been from the time of
its invention in gensral uwee in this state and elgsswhere in the
survey,

In the wndulating, forest-covered, region in the sontheastern
part of the state 1t was found impracticable to wee economically
the method of interseetions, and fisort was had to the traverse
methond for making locations,  In this method, as is well known,
one station 8 looated from ancther by the messirement of @
distanee and direction, the line of stations being conmected at
cuch end either upon stations in the trisngulation or upon other
linos, while Trom the stations in these traverse lines, poins off the
lings are located by imtersections, if practicalle, or by distinee
aml direstion measurement, For this kand of work the plane
table, ot loast such a plane table as 5 genernlly in nse s an incon-
venignt instrmment,  The plune table with the telescopie alidade
ie too cnmbersome an instrument to be carried about and set up
e frequently as 35 neccssary in thie work.  Therefore for this
purpose theodolites, fitted with stadia wires and stadin rods, have
been used.  Distanees pre measured by the angles subtended by
the studian wires npon the rod, whese divislons are of known
length, while the direetions are measured by the compass attnehed
to the theodolite, and differences of elevation by spirit level and
vertival angless.  With this instrument lines were run alone all
the romls and along the llt"il_hl'ilr.’l.l stregims im Llies jpart of the state
and from these Hines the conntry Iving betweon them was looated
and sketched,

In the sorthenstern and i omoeh of the middle portion of the
gtate u mived method of work was employved, the plune rabile
being nsed for earrving on the intersection work wherever it
eould be done, while by traversing the roads, theie detnile, which
conlil pot be obtalned h:.' thie ]Jln.ul.' tubile in this ruj:,riunl Waere
reached.  These teaversed were plattod in the affice and the maps
drawn from notes nml skitehes made in the tield.
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The degree of aecurney of the map depends opon the accuraey
of the lopations, their numbor and the uniformity of their distri-
bution. Of their acouracy it is only necessary to state that their
errors are oot sufficiently large to be appreciable gpon the smle
af the map, for instance the seale hedng one ineh to a mile, au
wrror of 50 feet in the loeation of a |Hji||l wiotild b K the mhp
bt ope hundredth of an dneh—a barely appreciabile quantity,
and it is of course casy to moke the loestions within this limii,
OFf the number of locations por unit of moap surfaee T shall give
statistics deawn from the foll experience of the Survey in this
state.  The aren sarveved by the method of interseotions exelus:
ively comprises 3,500 square miles, or about two-fifths of the
state, In this area 5,188 stations were ocoupied with the plane
table, or slightly less than one to a square mile, or, measured upon
the map, ome to & sgonre el Besides these, 17,840 poluts wore
Tocated in this arés by intersections, making, whth the ocenpied
stations, 4 total of 20945 Joentions within the area, or 6,2 hori-
eentnl loeations por sguare tnel, Do the same prea the hoiglite of
4,881 points were measured, bemmg 100 per sguare neh, 1 wm
exprossing these fignees i terms of tochoes of the final map,
becanse it s the map with which we aro coneernml.

The area sarveyed by the traverse method 18 2500 &g, miles,
In this aves 5015 miles of traverse lines wore run, boing 2.2 lnear
mehes per sguare inch of the map.,  In rooning these lines 46,524
stations were maide with the theodolite, buing 8.3 per Binear mile
of traverse and 186 por s aneh of map. The sumber of mens-
wrements of helght was 82561, being 47 to the wpuinre ineh,

The srea surveyed by the mised method comprised 2000 <,
mile=.  In this S0 stations were made with the plane table, amd
Fron them 4518 poants were locttnd by intérsection, moakinge
altogather 4018 points looated with the plane table.  In mldition
tr this, #7087 miles of traverse were rug, beme 2.9 linear miles
peer sipnare mile of ared,  In thess traverses 31,708 instrumetal
stations wore made, or L7 per linear mile and (0.8 per s, mile,
Tha sum of the pline table stations, loeations, and the traverse
stations, which ks wp the total of borigontal loeations in this
Wi, b ARG, bt w total of 190 points per sqg, inehof map,
The wombwy of msisarements of Eu-i;l;]ﬂ. tn this ares 1= Gy, 01,
boinge 22,4 per s, ineh, Tt will be seon that the number of Lori-
rontal locations sand of height measurements in the ares travorssd
i much greater than o that surveved by the Interseetion



54 Nutional feographic Mougazine.

method, and 1t mught be inforred that the former work is botter
controlled than the latter, T do oot judge, buwever, that this is
the oase, owing to the fact that teaverse stutions are not of as
murh 'l.'].III-E for JraT i rf Immﬁnn as thise 11:;‘ inhrrmﬂlm.
The lntter are selected points. The former are not selocted
points, but on the contewry, 4 large proportion of them sre
located simply for carrving forward the lue and are of no further
servime, and very few of them are soch ag would be fitted for the
purpose of pontrolling arss.

Within the area worveyed by traverse nearly evory mile of rond
ha=s been man,  With the exeoption of thoss in the cities, nearly
every lwise and overy church in the commonwealth has been
lowentasl, vither by mterseetion with the plane table or by traverse,

Thet organization of the surveying partivs has been of the =im-
plest charmoter,  Plane table work has been earried on by ong
man with nn assistant, the latter doing fittle more than attend the
plune tabiler and assist him in careving the Instruments.  Each of
these little plane table partics was fornished with o horse and
bgay for transportation,  The oreanization for traverse work has
been equally simple, consisting of n teaverse man aod a rodman,
As p horse and baggy would be an impodiment in this work, this
festure of the ontfit has been owdtted.  To the mixed work the
eravirse men inve bien woder the smmediste control of the plage
talder, so that their movements have been directed by bim in e
tail.  The avernge ontpat per working duy of the plane tabiler las
been for the whole suevey .0 s miles, and of the traverse man
2.8 &g miles ol we the expenses of the former bave hoon slightly
groater than those of the latter, the sost por siunre mile of the two
methods of wirk hias been substantially the sami

The avernge cost per square mile of the rirviy OF thi State hos
bwen a tritle less than #15.  This neludes the saliries of 0ll men
engagod wpom the work during the field sepson, their 1ra virlinge,
silmistence amd all nther expumsus, the salaries of the mwen ongaguld
it llrIH'I-'i.iI_l.’_' Ll Hetg s in the IJ'I'E'.'I'p the enst of I_ILUT'l“I"Il'II'l'Irl'HI |'|.|'||_‘:| of
ilisbursement,—in short &l expenses of whatover chameter, in-
curred 10 the production of the map,
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AHRSTHACT OF MIUNUTES.

Fivat Regulor Meeting, Feb. 17, 1888, —Teld in the Law
Lecture room of Colimbian Universivy, the president, Mr. Hub-
bard, in the chair,

The president delivered an inangural address.

Major J, W, Powell lectured on the Phymography of the
Tnited Stntes,

Seeand Regular Meeting, March 3, 15888, —Held in the Law
Leoture eoom of the Columbin University, viee-president Hart-
lett in the chair.

Piper :  Patagonin, by Mr. W, E. Curtiss,

Third Regular Meeting, March 17, 16588, —Held 1 the Assem-
Bly Hall of the Cosmos Club, the prestdent, Mr, Hubbard, 10 the
chpir,

Paper:  Physieal Geography of the Sea, by Commander J. R,
Bartletr,

Fowrth Regpuloor Mecting, Moreh 21, 1888 —Held in the As-
setnbly Hall of the Cosmos Club, the president, M. Hubbard, in
the phnir

Disenssion was had on the proposed Physical Atlas of the
United  States, participated o by Messrs, Guannett, Gilbert,
Ogden, Greely, Mareus Baker, Willis, Burtlett, Merrinm, Ward,
Hoenshaw and Abbe,

Fofrh Reiguldar Mesting, April 13, 15858, —Held 1n the Assem-
bly Hall of the Cosmos Clab, vice-president Merriam in the
chair,

The diseussion of the proposed Physical Atlas of the United
States was continued, and was participated o by Messre, Mareos
Baker, Greely, Willis, Cosmos Mindeleff, Gilbert Thompson,
Ronaston, (vannett aml Van Deman.
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Paper: The Survey of the Coast, by Mr. Herbort G, Ogden,—
( Peehlished in Pof, 1, No, ), % Nationad tfeagrophic Mogoazineg™)

Nirth fegulior Meotivg, April 25, 1888, —Held in the Assem-
blv Hall of the Cosmos Ulab, the .pru!.iﬂ-_-t'l.t, Mr. Hubbard, in the
eluir,

Papers : The Great Brorm of March 1104, 1888, by Gen, AL
W. Greely and Mr, Everott Havden—{ Pulliahed in ol 1, N,
1, * Natiopal! Geographic Magazio™)

Crongraphic 'Ml'_ril‘.-'-r].ﬂ- in Geologie Investigation, by Prof, W*
M. Davis.—{ Prebilished in Folo 1, N Ly Nutionioal l";'gu?:,n'r.'i;.lﬁ;-f
Maguzine,™ |

Seventh Moguloy Meeting, Moy 11, 18388 —Held in the As-
sembly Hall of the Cosmos Club, vice-president Marrinm 1o the
chinrr,

Papers:  The Survey and Map of Massachuszetts, by Mr. Heory
Cinnnott.—{ MPefleafiod in Vel |, No. L, * Nationaf Geeojppraphic
MagazingT)

Graphio Trnngulation, by Mr, W, D, Johnson.

Fighth Requiar Meeting, May 25, 1885, —Held in the Assem--
Bly Hall of the Cosmos Club, viceprosident Merriam in the
chair,

Papirs 1 The Classifiention of Geographic Formas by Genesis,
by Mr, W. J, MeGee.—( Publivhied in Fof, 1, No. 1, * Nitional
treographie Maizine™)

The Classifiention of Topogrphie Forms, by Mr. G Ko Gilbert.

The North Winds of California, by M. Gilbert Thompson.
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CERTIFICATE OF INCOHPOREATION.

Thin is to Certify that we whose pames are hereinto salworibd,
citigens of the United States, and o majority of whom are citigens
af the District of Columbin, have sssocinted ourselves together
prrstint 1o the provisions of the Rovised Statates of the Upited
States relsting to the Distriet of Columbia, and of an set of
Congress entitled = “ Ao Aet to amemd the Ravised Statates of
the 1 mitedd States I"I'.Iiﬂ'[iﬂj._.‘. Lin The [;.i.l_-'l.Tri'I."T of lolwmbib amd for
other purposes” approved April 251, 1444, a8 a Sooilety ad bondy
corporate, to be kiiown by the corporate tame of the National
Geographic Socivty, amil to contitoe for the term of ong (TRIN B
E'-I.lllr‘-...

The partienlar objeets aml business of  this Society arve: 10
inerenss gl diffuse geographie knowlulise § o publish the trans-
getions of the Socivty @ to publish g periodiea] magaeme, ool
other works relatinie to the svivtee of geography 1 1o dispose of
sieh Imhl]:-_-n.timu ||].' sl or otherwse @ oand o nuquin* n Iihmrjr.
under the resteiotions and resulutions to be established n jes
By-Laws

The affairs, funilz and property af thi |.'Hl‘||-rﬂ'l|.’f.1|l:|'r eluddl bee in
the genoral chinrge of Manbgors, wlose gumbier for the first vour
shall b peventeen, consisting uf o Prosident, five Viee Presidents,
i Recurding Secretary, a Corresponding Sceretary, o Treasurer
and eight other membiers, styled Managers, all of whom shall e
chosen by ballot at the annual meeting. The duties of these
officors and of other offfeors and standing committees; amnd ther
ters and e manner of theie eleetion or appointment shall be
provided for in the By-Laws
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BY-LAWS

ARTICLE 1.
NAME.
The name of this Society ts the ** Narional OeonraPHIc SeoETY."

ARTICLE 1I.
OELLECT.

The abject of this Soclety &2 the increase and diffusion of geographio
knowleige.

ARTICLE TIL.
MEMIERSHIT,

The members of this Society ahall be persons - who are interssted in
gelgraphic selence.  Thers may be threo classes of members, active,
corresponding amnil hanorary,

Active members only shall be members of the corporation, shall he
enlitls] to vote and may hodd offoe.

Persons residing nt a distince from the District of Coluimbin may bo-
cnme corresponding members of the Society. They may sttend its
mvelings, tike part in its procesdings and contribute to it publications,

Persons who have attained eniinence by the prowotion of geographic
selimcd may become honorary nisanhers,

Corresponding members may be troosforreil o aotive membership,
wrd, conversdy, active membors may be trausfeoresd to corresponding
it lership by the Board of Managers,

The clection of members abal] be entrosted oo the Bodand of Mana-
gord. Nominations for membership shall be signed by three notive
miunbers of the Soclety ; shall stete the gualifleations of the candidate ;
and whill be pressntesd to the Reoording Secretary.  No nomination shall
receive action by the Beand of Managers until @ bias been befome it ae
feast Pwo wonka, and oo candidete shall bo electa] unles he peovived al
least mine ailirmative votss,

ABRTICLE 1V,
OFFICERS,
The Utlicerz of the Socisty shall be o Presidont, fve Vico Presidents, a
Trensurer, a Hecording Secretary and a Correspanding Seoretary.
The ahive meantinnm] officera. together with eight other metmbors of
the Society, kknown pe Maoagives, shall constitute n Boaed of Mamugers,
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Oificers and Mpnagers shall be elected annuoally, by ballot, o majority
of the votes cast being necessary to an election ; they shall hold office
unkil their mcoessors are electzd ; and shall have power to fill vacancies
oecurring during the year,

The Prisident, or, in Li= absencs, one of the Viee Presidents, shall
pregide at the meptings of the Bocioty and of the Boand of Moanagers @
he shall, together with the Recording Becretury, sign all written con-
tracts pud obligations of the Boclety, aned sitest its corporate sedl ; he
shull deliver an anpual address to the Bociety.

Each YViea President ghall represent in the Society and in the Board of

Managers, u Jdepartment of geogmphic séiones, ga follows

Creopgraphy of the Lamd,
Geography of the Sea,
Geography of the Air,
Geography of Lifs,
Geographic Art,

The Viee Prosidonts shinll fostor their réspeotive depuartnients within
the Sociery ; they shall present snnually o the Society summiaries of
the work done throughout the worlid in thelr severnl departments,

Thuy shall be clocted to their respective deparfments by the Socisty.

The Viee Presidents, together with the two Secretaries, shall oonsti-
eute b commitler of the Boand of Managers on Compsanieatinons and
Fublivations,

The Treasurer sholl have charge of the funils of the Society, shall
collect the dpes, pisd shinll disbeyese gmder the direction of the Boord of
Manngers : he shnll make nn annual report ;) nnid his accounts shall be
audited anuually by s conumittes of the Soclety and at sueh othar
times ns the Bodrid of Menagers may direet.

The Secretaries shall regord the procesdings of the Society and of the
Board of Managers; shall condoet the correspoemlenee of the Socfety ;
and shnd] maks an erosd report,

The Board of Manngers shall trunspet all the husiness of the Society,
except sitcl as may b presentod ot the anoal meoting, 1t shall formu-
Lite Tiles for the comduet of its business.  None members of the Board
ol Mansgers shall ongtitute s guoriim

AETIULE V.
D ES.

The wninal daes of petive members shall be five dollar, payahle duar-
inr the monoth of Joooary, oo in the cose of pew meabors, within
thirty days after electinn.

Ansunl dues moay be commoted and e membersbibp neguired by the
pecvimeEn g of tifty dollars:

No memlwr in arvears shall vote st the annus| msddne, aml the
names of moembers two verrs in nrresrs shall be droppesd roem Che eoll
of mem bership,
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ARTICLE VI
MEETINGH,

Repolor mestings of the Socioly shall be held on alternoate Fridoys,
From Ogtober u_m.i]' May, inclusive, and, excepting the anmnund mestigr,
shall be devoted 1o communicathons,  The three regular meetings nigst
precoding the nonual mesting shall bo devolad to thy President’s anousl
waildress amd the ceports of the Viee Presidants,

The nnpual meeting for the election of offlcers shall bae the Inst regu-
lar mecting in Deaiemiser,

A stieratn for the traadaction of busines alinll conaldt of twenty-ilve
notive membees. .

Specinl meetings may be called by the President.,

ARTICLE VIL

AMENDMENTE.
Thesse biv-laws fay o sriesicbioed Iy @ twaethirds wote of the memibvres
present ab o regular mesting, provided that notice of fhe proposed

amendment has been given in writing nt a regolar meeting ng leagt four
wieeks pruviously,
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