TII K

NATIONAL GEOGRAPHIC

MAGAZINH.

. MHOORFORITED
" AD.ebe
\ -l : )

rUBLGND wy e
NATIONAL GEOGRAPHIC SOOTETY.

WASHING'TON, 1L ¢,

FLFRaAT

p— e -

Frive 3 Cénlts.



CONTENTS.

Amm@‘ml " w- - - - & - L - -

Introductory Addres by the President .

Geogrsphic Methods In Oeolegie lavestipation: Wu.u.nnh

Clasification of Grographie Porms by Genests : W, J, Mol

The Grest Storm of Mamb 1 to W, 1598 A. W. QIEIT
Byeritl Haydon, . - - o . =

The Susvey of the Oonet : Horburt U, Ogdes |, . ,.

The Survey and Map of Hmhﬂmﬂx Hmrﬂmuﬂ:
Procdedings of the Nitidnal Geomaphio Sodisty

-Wﬂmpﬁh&duy _
&rﬂmuhmlmt&m
M“Qﬂhﬁmm - - - - - & u
A DOMOmbE > v s L R e e e

m'w.ma um\muﬁv.m

I TEEIHNE -

RESS









ANNOUNCEMENT.

Tox “Namosar Geosrarnre Socrery ™ has been organized
“to imcrease and diffuse geographic knowledge,” and the puhbli-
eation of a Magazine has been detormined upon as one means of
nccomplishing these purposes.

It will contain memeirs, essays, notes, carrespondence; reviews,
ote, relating to Geographic 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 become
a chanmnel of intercommunication, stimulate geographie investign-
tiom and prove an acceptable medinm for the publication of
reanlts,

The Magamne ix to be edited by the Society, At present in
will be izsued at irregolar intervals, but as the sourees of infor-
mation are inereased the numbers will appear periodienlly,

The Notional Capital spems to he the natoral and appropriate
place for an association of this character, and the aim of the
founders has been, therefore, to form s National rather than a
loeal socivty.

As it I8 hoped to diffuse as well as to inerense knowledge,
due prominenee will be given to the edaeational aspect of groo-
graphie matters, and  efforts will bhe made 0o stimolate an
wmterest in ornginal sources of information.

In addition to arganizing, helding regular fortnightly meetings
for presenting scientifie and popular communieations, and enter-
ing upon the publication of a Magazine, considerablo progress
hag been made m the preparation of a Physical Atlas of the
United States,
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The Society wax organized in Janunry, 1885, under the laws of
the Dhstriet of Columbin, and has at present an active member-
ship of about two humdred persons,  But there is no limitation
to the pumber of mombers; and 1t will weloome both leaders nnd
followers in geographic seiemes, in order to better accdomplish the
objects of its organization,

October, 1085,

Correspondence with the Soviety should be addressed to Mr,
vkorak Kuswas, Corresponding Secretary, No, 1318 Massa-
chusotts Avenue, Washington, D. €,
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INTRODITOTORY ADDRESS,
By THE PrEsipexT, MeE GanpNkr G. HUBRARD.

I am not n seientific man, nor can T lay oliim to any special
knowledge that would entitle me to be called a * Geographer.”
I owe the honor of my election as President of the National
Geographie Sooiety simply o the faot that 1 am one of those
who desire to further the prosecntion of gpeographie research. |
possess only the same genernl interest in the snbject of geog-
raphy that should be felt by every ednoated muan,

By my election vou notify the publie that the membership of
our Society will not be coufined to professional geographers, but
will inelude that large number who, like myself, desire ta pro-
mote special resenrches by others, and to diffuse the knowledge
so pained, among men, so that we may all know moere of the
world upon which we live,

By the establishment of this Society we bope to bring to-
gether (1) the seattered workers of our country, and (2) the
persons who desire to promote their researches. In union there
is strenpth, and through the medinm of a natienal organization,
we may hope to promote geographic research in a manner that
conld not be secomplished by seattered individuals; or by loecal
societies; we may also hope—throngh the same agency—to dif-
fuse the results of geographic research over a wider area than
wonld otherwise be possible,



B National Geographic Magazine,

The position to which T have been called hus 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 varth, and ypegpry, description) betrays the
pouroe from which we derived the science, and shows that it
relutes to a deseription of the earth, But the “earth ™ known
to the Greeks was a very different thing from the carth with
which we are aequainted,

To the ancient Greek it meant land—not all land, bot anly a
limited territory, in the centre of which he lived. His earth
comprised simply the Persinn Empire, Ttaly, Egvpt snd the bor-
ders of the Black and Mediterranean seas, besides his own ovuan-
try. Beyond these limits, the land extended indefinitely to an
unknown distaner—iill it reached the horders of the preat ocean
which completely surroundad it

To the members of this society the word * earth " snggests a
very different idea, The term arouses m our minds the coneep-
tion of wn enormous globe suspended in empty space, ane side
in shadow and the other bathed in the rays of the sun. The
outer surface of this globe consists of a uniform, unbroken oeesn
of air, enclosing another more solid surface (composed partly of
land and partly of water), which tesms with countless forma
of animal and yvegetable life. This is the carth of which geo-
graphy gives wa a deseription.

To the ancients the earth was a fiat plain, solid and immovable,
and surroanded by water, out of which the sun rose in the east
and into which 1 set in the west.  To them * Geography ™ meant
simply a deseription of the lands with which they were ac-
q:minl.ﬂd;

Herodotus, who lived about the year 450 B, C., transmitted o
posterity an sccount of the world as it was known in his day.
We look_upon him as the father of geography as well as of
history, He vigited the known regions of the earth, and de-
seribed accurately what he saw, thos laving the foundations of
comparntive geography.

Abont 300 yesrs B O, Alexander the Great penetrated into
hitherto unknown regions, conguered India and Russia, and
founded the Macedonian Empire. He sent a naval expedition to
explore the coasts of Iwdia, sccompanied by philosophers or
learned men, who deseribed the new countries discoversd and
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the charseter of their inhabitants, This voyage may be consid-
ercd as originating the science of Political Geography, or the
gedgraphy of mun.

About the yvear 200 B. C,, Erntosthenes of Cyrone, the keeper
of the Royal Library at Alexandria, became convionoed, from ex-
periments, that the idea of the rotundity of the esrth, which bhad
been advanced by some of his predecessors, was correet, and
attomptod to determine upon eorrect principles its magnitude,
The town of Cyrene, on the river Nile, was situnted exactly
under the tropie, for he knew that on the day of the summer
solstice, the sun's rays illuminated at woon the bottom of a
devp well in that eity., At Mexandris, however, on the day
of the summer solstice, Erntosthenes observisd that the vertical
finger of a sun-dial cast a shadow st noon, showing that the sun
was not there exactly overhead. From the length of the shadow
he ascertained the sun’s distapce from the zenith to be 77 12, or
one-fiftieth part of the circamference of the heavens; from which
he calealstod thar if the world was round the distanee between
Alexnndrin and Cyrene shonld be one-fiftieth part of the cireum-
ference of the world. The distance between these cities was
3000 stadia, from which he calenlated that the eircumference of
the world was fifty times this amount, or 250,000 stadin,. Un-
fortunately we are gnorant of the exaet length of o stadiom,
s0 we have ne means of testing the sceuracy of his deduction.
He wasz the founder of Mathematical Geography; it became pos-
gible through the labors of Eratosthenes to determine the loca-
tion of places on the surface of the earth by means of lines cor-
responding to our lines of latitude and longitude,

CUlaudine Prolemy, in the second century of the Chnstian era,
made x estalogue of the positions of plans as determined by
Erastosthenes and his sueeessors, and with this ns his basis, he
made 3 series of twenty-six maps, thus exhibiting, at a glance,
in peographical form, the results of the labors of all .who pre-
ceded him,  To him we owe the art of map-making, the origing-
tion of Geographio Art.

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

Then came & panse in the progress of peography.

The Romans were so constantly occupied with the practioal
affairs of life, that they paid little attention to any other kind of
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geography than that which facilitated the sdmimistration of their
empire, They were great rosd-luilders, and laid out highways
from Rowme to the farthest limits of their possessions, Maps of
their militnry rosds were made, but little else.  These exhibited
with sccuracy the less nnd greator stations on the route from
Rome to India, and from Rome to the further ond of Britain.

Then came the decline and fall of Romi, and with 1t the com-
plete collapse of geographical knowledge, In the dark ages,
goography practieally ceased to oxist. In the typical map of
the middle ages, Jorusalem lny m the centre with Paradise on
the East and Europe on the West. It was not until the odose of
the dark ages that the spirit of discovery was re-awnkened,
Then the adventarons Northmen from Norway and Sweden
crossed the ocean to leeland.

From leeland they procecded to Greenland and even visited
the muin-land of North America about the wvear 1000 A, D,
cossting as far =outh as New Epgland; but these vovages led to
no practical resalts, and were forgotten or looked upon as myths,
until within a few years. For hundreds of years geography
made but Little advance—and the discoveries of five centuries
wore less than these now made in five years.  In the fourteenth
or fiftesnth century, the mariner’s compass was introduced into
Europe from China, and it then became possible to ventore upon
the ocean far out of sight of land. Columbus instead of const-
tng from shore to shore like the ancieot Northmen, boldly set sail
across the Atlantic.  To many of his contemporaries it must have
seemed mudness to seek the Fast by thus sailing towards the
Waost, and we need hardly wonder at the opposition experioneed
from his erew. The rotundity of the earth had beeome to him an
abjective reality, and in sublime faith he pursued his westward
way. Expecting to find the Esst Indies he found Ameriea in-
stead.  Five centuries had elapsed since the Northmen hoad wade
their vovages to these shores—and their labors had proved to
be barren of results. The discovery of Uolumbus, however, im-
mediately hore fruit, It was hig genius and perseveranee alone
that gave the oew world to the people of Europe, and he is
therefore rightfully entitled to be called the discoverer of Amer-
ica.  His diseovery was fraught with cnormous consequences,
and it inaugumted a4 new era for geographbic rescarch. The
apirit of diseovery was quickened and geographio knowledge ad-
vanoed with n great leap. Ameriean was explored ; Africa was
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circumnavigated, Magellan demonstrated the rotundity of the
earth by eailing westward until be reached his starting point
Everywhere —all over the civilized world—the spirit of adven-
tore was aroused, Navigators from England, Hollond, France
and Spain ropidly extended the boundaries of geographical
knowledge, while explorers penetratod into the interior of the
new lunds diseovered, The mighty impetus given by Columbus
st the whole world in motion and it has gone on moving ever
sinee with accelerated velogity,

The great progress that has been made can hardly be realized
without comparing the famous Borgin map, construeted aboot
one hundred wears before the discovery of America, with the
modern maps of the same oountries ; or Hubibards map of New
England made two hundred vears ago, with the corresponding
map of to-day. The improvements in map-making originsted
with Mereator, whe, in 1550 constructed hiz evlindrieal projee-
tion of the sphere. But it has been only during the last hundred
vears that great progress has been made. Much yet remains to
be done before geographic art ean fully uecomplish it mission,

The present century formes 8 tew era o the progress of geog-
rapliy — the ers of organized research. In 1830, the Royul
Geographical Society of England was founded, and it already
forms a landmark in the history of discovery, The Paris Society
preceded it in point of time, and the other countries of Europe
soon followed the oxsmple. Through thess organizations, stu-
dents and explorers have been enconraged and pssisted, and -
formntion syatematically collected and arramged.  The wide
diffusion of meographion! knowledge through the mediom of
these socioties and the pablicity of the disceussions and eriticisn
that followed, operated to diveot the current of exploration nto
the most useful channels,  Before organized effort, darkness gave
wiy at every step.  Kach observer added fresh knowledge to the
existing stare, without nnnecessury daplication of research. The
reports of discoveries wore disouzsed and eriticized by the socie-
ties, and the contributions of all were cowordinated juto one great
whiole.

riea refuses to be left in the rear,  Already hor explorers
are in every lind and on every sea.  Already she has contributed
her quots of martyrs in the frozen north, and has led the way
imto the torrid regions of Africa. The peopls of Europe,
through Columbis, opencil up a new world for ns; and we,
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throngh Stanley, have diseovered a oew world in the old, for
them.,

Much has been done on land—dittle on the other three-guar-
ters of the varth's surface. But here America has laid the foun-
dations of & new seienoe,—the Geography of the Sea.

Our explorers have mapped out the surface of the ocean and
dispovered the great movements of the waters, They have traced
the southward flow of the Arctie waters to temper the climate of
the torrid zone.  They have followed the northward set of the
heated waters of the equator and have shown how they form
those wonderful rivers of warm water that flow, without walls,
thromgh the colder wathrs of the son, till they strike the western
shores of Earope and Amerien, and how they render habitable the
almost Aretio vonntries of Great Britian and Alaska. They have
gven followsd thess warm currents furtber and shown how they
penetmite the Arctie Ocean to lessen the rigors of the Aretie eoli.
Bravely, but vainly, have they sought for that dgnis fotuus of
explorers—the open polar ses—prodoced by the action of the
warm waters from the sonth,

Ameriean explorers have sounded the depths of the oeean and
discovered mountnins and valleys beneath the waves,  They have
found the great plateans on which the cables rest that bring ne
nte instantanpons communieation with the rest of the world,
Thew hove shown the probable existenes of o vast submarine range
of mountaing, extending nearly the whole Tength of the Pacific
Oeoan—mountaing w0 high that their summits rise nbove the sur-
faow to form Jslands and archipelagoes in the Pacifie.  And all
this vast region of the earth, which, a few vears ngo, was von-
sidered uniphabitalile on aecount of the preat pressure, they haye
digcoveared to be teeming with life.  From the depths of the
they have brought Tiving things, whose Hves wern spent under
conditions of such pressure that the elastic foree of their own
Bosdies st them open belore they eould be brought to the sur
faee 3 living ereatures whose sell-luminous spots supplied them
with the light denied them in the deep abyss friom which they
sprang—nbysses 20 deep that the powerfol rays of the sun eonld
only feehly penetrate to illmminate or warm,

The vxploring vessels of our Fish Commission have discovered
in the deep sea, in one single season, more forms of Life than were
found by the Challonger Expedition in a three years® cruise
Through their agency, we have studied the geographical distribu-
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tiom of marine life ; and in onr marine laborstories, explorers have
studied the life history of the most nseful forms

The kmowledge gunm'ﬁ has enabled us to breed anid mult:ply at
will ; to protect the youny fish during the period of their in-
f{ mej‘—when alone they are linble to wholesale destruption—finally
to relesse them in the ocean, in these waters that are most suit-
able to their growth. The fecundity of fish is so great, and the
protection afforded thom during the oritieal period of their life so
ample, that it may now be possible to feed the world from the
ocean nnd set the laws of Motthews st defiance.  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 arable
land. They have thrown open to emltivation a territory of the
earth constituting three-quarters of the entire surface of the globe,

And what shall we say of our conquesta in that other vast ter-
ritory of the garth, greater in extent than all the cceans and the
lands put together—the atmosphere that surrounds ie

Here ag-ain Amweriea has led the way, amd leared the foundations
of a Geography of the Air.  But a little while ago and we might
have truly said with the ancents *the wind bloweth where it
listoth, upd we know neither from wheneo i1 oomes nor whither it
goes”; but now our explorers track the wind from poiat to poiot
and t_ﬁh-!gmph warnings 1o abvanee of the storm,

In this department, the Geography of the Air, we have far out-
stripped the nutions of the world,  We huve passed the mob-
period of resenrch wien the observations of multitudes of individ-
anls smounted to lintle, from lack of concentrated action.  Orguni-
eation has been effected, A Contral Boreay hins been vstablished
i Washiogton, and av army of tesined observers has been
dispersed over the sarface of the globe, who all ohserve the con-
dition of the atmesphers pecording to o pre-concerted  plan,

The vessels of our navy and the mercantile marme of our own
and other eonutries have been i impressed into the service, pnd thos
our geographers of the alr are stationed in every land and traverse
the waters of every sea.  BEvery day, at the same moment of ab-
solute time, they olserve amd note the condition of the atmosphers
at the part of the earth where they happen to be, and the lntitude
and longitude of their pogition,  The collocation of these shsorva-
tions gives us 3 serivs of what may be termed instantaneous
photogreaphs of the condition of the whole stmosphere. The co-
drdinntion of the obsérvations, and their geographical ropresenta-
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tion upon o map, 18 undertaken by a staff of trained experts m the
Central Burean in Washington, and through this organization we
abtain s weather-map of the world for every day of the vear
We can now study at leisore the past movements of the stmos-
phere, and from these observations we shall surely discover the
grand laws that control aerinl phenomens. We shall then not
ouly know, #8 we do at present, whenoe comes the wind and
whither it goed, but he able to prediet its movements for the
benefit of humanity, |

Already we have sttained a uwseful, though limited, power of
prediction.

Our Centeal Bureau 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 publie by telegraph in time to avert
disgster to the mariners on our enstern coast, and facilitate agri-
enltural operstions in the Eastern and Middle States,

Although many of the predictions are still falsified by events,
the peroentage of fullilments has become 2o large as to show that
continted resenrch will in the future give us fresh forms of pre-
diction amd increase the usefulness of this branch of selence to
mankind.

In all departments of geopraphical koowledge, Americans are
al work. They have pushed themselves into the front rank and
they demand the best offorts of their countrymen to encourage
and sapport,

When we embark on the great ocean of diseovery, the horizon
of the unknown advances with us und surrounds us wherever we
go.  The more we know, the greater we find is our ignorsnes,
Because we know o littls we have formed this society for the n-
grease and diffusion of Geographienl knowledge.  Bocauss onr
subject 18 so large we have orgaoized the society into four broad
geretions: relating to the goography of the land, IL G. Ogden, viee
president ; the sen, J. I Bartlotr, vieesprosident ; the air, A, W,
Greely, vwe—p:‘mdﬁm the geographic distribution of life, C. H.
Merriam, vieepresident; to which we have added a tifth, relating
to the shstruct science of peographie art, ineluding the art of -
making ete,, A. L Thompson, viee-president ; our recording aud
corresponding secretarios are Henry Gannett and George Kennan,

We have been fortunate judeed o secure as Viee-Presidents
men learned in each department, and who have been personally
identified with the work of research,
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GEOGRAPHIC METHODS IN GEOLOGIC
INVESTIGATION.

By W, M. Davis

OTTLINR,

Detinition of Geography and Geology—CGeogmphis Mstheda in Geology— Hutton
ams! Lywll—Merme deposits sxplsioed] by existivg processes revonl the history
of the aarth—American Topographers—First Pennsylvanis Survey ; geographie
form a8 the rosuit of extinet provesses— Westorn Surveys) geographic form
explained by ervisting processss reveals the history of the enrth—Desfuctive
Topoeraphy—Opmparison with Pulmontology —Geogmphic Individuals—Claan-
icution acoording to strocture—Ideal cycle of regular development—Inorrp-
lions in the Simple Idosl Cyole—Geography needs ldeal types and technieal
terma—Comparrisen with the bislogical scisnces—Tesching of Heography—The
water-falls of Northeusters Pennsylvanis ss exsnples of deductive stundy—
Hystamatic Gengraphy.

Tur history of the earth meludes among many things an
pocount of its structure and form st suceessive times, of the pro-
Cesses hy which chunges in its structure and form have been
produced, and of the cpuses of these processes,  Geography is
according to ordinary definition allowed of all this only an
aeeount of the present form of the earth, while geology takes all
the rest, and it s too geoerally the case that even the present
form of the earth 35 insnfficiently examined by geographers
Geographic morphology, or topography, is not yet developed into
& seience, Some writers seem to think it a division of geology,
while g%e-t:-lngii&ta are as a rule too much ocoupied with other mat-
ters to wive it the attention it deserves, It 18 not worth while to
embarruss one’s study by too much definition of its subdivisions,
but it is clearly advisable in this ease to ke sueh steps as shall
hasten a eritical and minote examination of the form of the
carth’s surface by geographers, and to thif end it may serve a
useful purpise o enlarge the limited definition of geography, as
given ahove, and insist that it shall include not only o deseriptive
ond statistieal sccount of the present surface of the earth, but
also s systematie classifieation of the festures of the earth’s sur-
face, viewod as the results of certmin processes, acting for varions
periods, at different ages, on divers structures,  As Mackmnder of
Oxford has recently expressed it geography is the study of the
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present iu the light of the past.  When thus conceived It forms a
fitting complement to geology, which, as defined by the same
author, 18 the study of the past in the light of the present. The
studies are inseparable and up o a cortain point, their physienl
asperts may be well followed stogether, upder such a pame as
physiography. Specialization may then lead the student more o
ome sibjeet than to the other,

An illustration from bhuman history, where the study of the
préest sl Fresent has 4 siugle name, may serve to make my mexn-
ing clear in regand to the relation of the two parts of terrestrial
history, which have different nomes, A descriptive and statisti-
cal geeonnt of o people ns ot present existing, such as that which
our statisticnl stlas of the last Census gives in oatline, corr-
sponds to peagraphy in its ordinary fmitation, A reasonable ex-
tension of such an aocount, introducing o consuderation of antece-
dent conditions anid events; for the purpese of throwing light on
existing relations, represents an expanded comeeption of geogm-
phyv. The minute study of the mse and present condition of any
single industry would correspond to the managraphic aceonnt of
the development of any simple group of geographic forms.  On
the other hand, history taken in its more genernl aspeets, inelud-
ing an inguiry into the engses and provesses of the rise and fall of
ancient nations, answers to geology ; and an acconnt of some
brief past stage of history is the equivalent of paleography, a
subject st presont vory little stadied and  seemingly destined
alwiyvs to escape sharp determination. [t 8 manifest  that
weology und geography thas defined are parts of a single great
subject, und must noy be considered independeantly,

Histary beeame a seivuee when it ontgrew mere narestion sl
sparched for the canses of the facts narrated ; when it ceased to
acenpt old marratives as abeolute records and judged them by
eriteria derivid from our knowledge of human nature nx we seo
it at present, but modified to aceord with past conditions.

Geology heeame o seience when it adopted geographic methods.
The interpretation of the past by mesns of o study of the present
proves to be the only safe method of geologie nvestigation.
Hutton and Lyell may be named us the promiment leaders of this
school and if we admit o reasonable modifioation of their too
pronounced uniformitarianism, all modern geologists are their
followers.  The direovery of the conservation and correlation of
energy gives additional support to their thesis by rulivg out the
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gratuitous sssumption of great results from vague eanses.  Canses
must be shown to be not only appropriate in quality, but saf-
fieient in quantity before they can be safely aceepted.  But the
geagraphic srgument 58 expounded by the English school deals
almost entirely with processes ol negleots a large elpss of resulta
that follow from these processes.  Much attention is given to the
methods of transferring the waste of the lamd to the sea and
depositing it there in stratified masses, from which the history of
aucient lands s determined, But the forme assumed by the
wasting land have not been sufficiently examined. It wos recog-
nized in a general way that lapd forms were the prowdoet of denn-
dation, but the enormous volume of material that bad bheen
washed off of the lands was hardly appreciated, and the great
significance of the forms developed during the destruetion of the
land was not perccived,

Hutton savs a little about the relation of topography to strue-
ture; Lyell sive less. The svstematio study of topogreaphy is
largely Americnn.  Thery i opportunity for it o this country
that is nov easily found in Europe. The advanee in this study
has been made i two distiner stops ; first, in the East about
1840 3 seocond, in the West about 1870, The first atop was 1aken
iy that historie docade when our early State surveys socomplished
their groat work, The Pennsylvania surveyors then developd
topography into s selence, as Losley tells s so cloquently in his
rare little book “ Cloal wud its Topography,™ 1858, which desorves
to be branght more to the sttention of the vounger seographers
and geologists of to-day, It presents in brief amd pietaresgoe
form the topographical resulis of the first geologheal survey of
Pounsyivania. It shows how Lesley and the other members of
that survey * bocame not mineralogists, not miners, not learnwd
i fossils, not geologists in the full sense of the wond, bat tapog-
taphors, uod topography became o science and was retumed 1o
Eurppe and presented to geology as an American invention.
The passion with which we studied it is inponceivable, the dotails
into which it leads us were infinite.  Fvery township was a new
monograpl,”™  (p, 125,)  Some of the finest groups of canoes and
eigeags developed on the folded beds of the Pennsyivanin Appa-
lachinnes are Hlustentod from stwlics made by Henderson, Whelp-
ley and MeKinley, snd they certainiy desorve the most attentive
examination. [ often foel that they have been of the grentest
assistance in my own field work, especially in the efforts T have
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made to discover the struotural arrangement of the Triassic lava
shoets in the Conmeoticut valley, Buot although the intricacies of
Appalachian topography were then clearly seen to depend on the
complieations of Appalachian structure, the process of topo-
graphic development waz not at that time discovered. “The
onlv question open to discussion is," says Lesley, * whether this
planing down of the erust to jta present surface was o seenlar or
an instantaneous work ™ (p. 132), and he decides in favor of the
latter altornative, He adds, that to the field worker, “The rush
of an ocenn over a continent . ., . . leads off the whole procession
of his facts, and is indispensable to the exercise of his sagacity at
every turn” (p. 1066). *“The present waters are the powerless
modern representstives of those ancient floods which did the
work ™ (p. 151).

It is not the least in any spirit of disparagement that I quote
these cataclysmic views, now abandoned even by their authaor,
Great generalizations are vot often completed st a single step,
and it is enough that every effort at advance should have part of
its movement in the right direetion. What | wish to show is
that topographic form was regarded in the days of our eastorn
surveys, even by our first master of American topography, as a
completed product of extinet processes, Topography revealed
strocture, but it did not then reveal the long history that the
structure hins passed through., The sutielinal vallevs, hemmed in
by the even-topped sandstone mountains of middle Pennsylhvania,
were found to tell plainly enough that @ vast erosion had taken
plaee, and that the resulting forms depended on the structure of
the eroded muass, but it was tacitly understood that the land stood
at its present altitude doring the erogion,  The even crest lines of
the mountaing and the genernl highland level of the dissected
platesn further west did not then reveal that the land bad stood
lower than at present during o great part of the erosion, snd thus
the full lesson of the topography was not learned. The system-
atio relation of form to structure, base level and time ; the
change of draipage areas by contest of headwaters at divides ;
the revival of exbausted rivers by massive elevations of their
drsinage arens ; all these consequences of slow adjustments were
then unpereeived. In later years there scems to he 4 general
awakening to the great value of these principles, which mark the
second stage in the advance of scientifie topography, referred to
above,
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It is not cnsy to sketeh the history of this awakening. Ham-
say years ago contributed sn element in his explanation of plains
of marine denndstion ; Jukes opened the way to an understand-
ing of eross yvalleys ; Newberry excluded fractures from the pro-
duction of the most frocture-like of all woater ways; and onr
government surveyors in the western territories have fully devel-
aped the all important ides of base level, of which only 4 brief
and mperfect statement had previously been current, | esnnot
wny how far Enropesn geographers and geologists would be will-
ing to place the highest valuo on the lost nnmed element ; to mo
it takes the place of Leslev’s ocean flood, in leading off the whole
procession of outdoor faets It is indispensable st every tum,
Recently, mention shouald be made of Lowl, of Pragoe, who bhas
done w0 muel to explam the development of rivers, and of
MeGee, who has explicitly shown that wo must “read geologic
histary in erosion as well as in deposition,”

If it be true that the groater part of this second advance is
American like the first, it most he aseribed to the natureal oppor-
tunities allowed us, The topographers of the Appalachians had
a feld in which one great lesson was repested over anld over
again and forced on their sttention.  The patchwork strueture of
Europe pave no such wide opportunity.  The survovors of the
weatern territories again found broad regions telitng one story,
and all s6 plainly written that ho must ron far ahead who reads
i, Tt i to this opportanity of rapid discovery and interpretation
that Archibald Gieikio alludes in the preface to the recent second
edition of his charming volume an the * Scenery of Seotlpnd.™
He says that since the book first appeared he bas seén many parts
of Europe, “but ahove all it has been my good fortune to have
been able to extend the research into western Ameries, and
have learned more during my monthe of <ojourn there than dur-
ing the same number of years in the Old Countre™  (po vidl)

Ohar position now is, therefore, while structare dotermines form
as onr earlwr topographers taught, and while form-producing
processes sre alow, as had been demonstrated by the English
greologista, that the sequence of forme sssumed by & miven striet-
ure during its long life of waste 5 determinate, and that the
early or young forms are reeognizably difforent from the mature
forms and the old forms. A young plain is smooth. The same
region at a latter date will be roughened by the channeling of its
larger stremms and by the inerease in number of side branches
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until it comes to “ matarity,” that is to the grestest variety or
differentintion of form, At a still later date the widening of the
valleys consumes the intervening hills, and the form besomes
tamer, until in ©old age ™ it returns to the simple plain surface
of “youth.” Young mountaing possess struotural Inkes and are
drained largely by longitudinal valleys ; old mosntaing have no
such lakes and have transverse drainage, formed as the growing
headwaters of external streams lead out much warer that form-
erly followed the longitudinal valleys.  Young rivers may have
fulls on tilted beds, but such are short lived. Falls on horizontal
beds are common and survive on the headwater branches of sven
matnre rivers.  All falls disappear in old rivers, provided they
are not resuscitated by some aceident in the pormal, simple oyels
of river life, The phages of rrowth are as distinet a= in organic
forms, As this idea has grown in my mind from reading the
authors above named, geography has guined o new interest.  The
different parts of the world are brought into natural relations
with one another ; the interest that change, rrowth and life had
before given to the biologe selences only, now extends 1o the
study of inorganie forms. It matters not that geographic growth
is destroetive ; it involves a systematic change of form from the
early youth to the distant old age of a given strocture, and that
is enougde,. It matters not that the change is oo slow for us to
s 18 progress in any single strooture,  We do not believe that
an oak grows from an acorn from seving the full growth accom-
plished while waiting for the evidence of the fnet, but becauso
partly by analogy with plants of quicker development, partly by
the sight of onks of different ages, we are convineed of a change
that we seldom wait to see, 1t is the same with geographie forms.
Wy find evidence of the wasting of great mountains in the wast-
ing of little mounds of samd ; and we may by searching find exam-
ples of young, mature and old monntains, that follow ss well
marked a sequence as that formed by small, full grown and
decaying oaks. If the relative positions of the membors in the
peqquence & not manifest an first, we bave the mental plensure of
searching for their true arrangement, The face of nature thus
becomes alive amd foll of expression, and the conception of it=
change becomes so real that one almost expeots to e the change
in suceessive visits Lo one place,

Now consider the deductive applicstion of this principle.
Having recognized the sequency of forms developed during the
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wasting life of a single structure, reverse the conception and
we have n powerful geographic method for geologic investigu-
tion, On entering o new country, apply there the principles
learped from the inductive study of familiar regions, and muoeh
past history s revenled ; the age of mouniaing may be deduced
from their form as well as from their rocks ; the altitudes at
which n district has stood may be determined by traces of its
old base levels, of which we leam nothing from the ordinary
routing of geologic observation, that is, from a study of the
stricture and age of the rocks themselves,  The prineiple is com-
monly emploved nowadays, but ite methods are not formulated,
and its full value 8 hardly yot perceived. Heim has found traces
of successive elevations in the Alps;, proved by incipient base
levels at several consistent altitudes on the valley slopes.  New-
berry, Powell and Dutton huve worked out the history of the
plateau and eafion region from its topography: Chamberlin and
Sulithury wnte of the yonng and old ropographic forms of the
drift-coversd and the driftless arvas in Wiseonsin ; LeConte and
Stephenson have interpreted chapters in the history of California
unid Pennsylvania from the form of the vallevs.  Recently Me-
Gee has added most interesting ehapters to the history of our
middle Atlantic slope, in an essny that gives admirable practical
exposition of the geographic methods. Tn the light of these
origingl and sugpgestive studies one may eontemd that when
goeographie forms in their vast variety are thos systematioally
interpretad as the surface festures of a8 many structures, belong-
ing to a moderate oumber of families and having expression
charoteristie of thetr age and neopdents, their elévation and
opportunity, then geography will be for the wasting lands what
palwontology has eome to be for the growing oeean floors.

An interesting eomparison may be drawn here.  Fossils were
first gathersd and  deseribvd s individoal specimens, with no
comprehension of their relationships and their ggnifioance, It
wase later foumd that the fossils in a certain small part of the
world, England—that wonderful epitome of geologie history—
were areanged in sequences o the bedded rocks containing them,
eertuin groups of forms together, suceessive groups in shelves, as
it were, one over ancther.  Then it was diseovered that the local
English seale had a wider application, smi finally it has come to be
gecepted as a standard, with certain modifirations, for the whole
world. The exploring geologist docs not now wait to learn if

| -
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a formation contaming trilobites underlies another containing
ammenites, hut on finding the fossils in the two, confidently and
as far as we know correetly coneludes that such s their relative
position, Thus the sequence of submarine processes is made out
by the sequence of organie forma  In brief, palwontology has
passeil largely from the indoctive to the deductive stage.

The geagrapher first rogarded the features of the land as com-
pleted entities, with whose origin he was in no wise concerned,
Later it wis found that some conception of their origin w&s im-
portant in approciating their present form. but they were still
rigriirled as the product of past, extinet processes. This view
has boen in turn displaced by one that consulers the fentures of
the lunil ns the present stago of w long evele of systemationlly
changing forms, seulptured hy processes still in operation. Now
recogmiming the sequence of clanging forme, we may detormine
the pluce that any given featury oeeupies in the entite sequence
throngh wldeh it must psss jn its whole eyele of development.
And then reversing this concoption we are ]uﬂ heginning to de-
duee the st hi L'ifhi'}* of 8 distriot l.lgp' the ﬂngl‘m! of dl‘.‘i.‘&.‘lnpnwﬂt
of its features. Geography s, in other words, entering o de-
duetive stage, ke that alveady reached by paleontology.

The antecedent of deductive topography is the systematio
study of land geowraphy.  The surface of the Iand s made up
of muany mare or less distinot geographie individoals, every indi-
vidunl consisting of a single structure, contaimng many parts or
features whose exprossio virles s the provesses of land senlpture
carry the whole throngh its lovg eyele of life. There is endless
variety among the thouganids of structares thst compose the land,
bt after recognizing o few large structural families, the momain-
ing diferinees may be regaeded as individual. Tu g given family,
the individuals prosent great differesnces of ex pression with age,
us botween the vigorous relief of the young Himalaya and the
stibddued forms of the old Appalschians ; or with clevation over
buse lovel, a8 between the gentle plain of the low Atlantic consy
and the precocious high plateaus of the Colorado miver mygzion ;
o with opportunity, as between the last named plateans with ex-
teTior ﬂ‘iﬂiﬂﬁ.—;‘_fﬁ and the hlg‘ll phuns ul the Great Buasin, whose
waters have no escapse kv by evuporation or high lovel overflow ;
or with complexity of history, as hetween the Tmmstnre, emﬁE—
Tﬂlﬂ}bﬂl vallevs of the lava hlock country of sonthern Oregon,

andd the onee empty, then gravel-filled, aml now deeply terraced
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inner vallevs of the imalaya. When thus studied, the endless
viriety of the topography will be considered in its proper
relations, and it will not seem as hopeless as it does now o
gain a rational onderstanding wnd appreciation of  geographio
morphology,

We should Aret revogrize the fact that a geographie individual
is an sren, larze or small, whose surface form depends on a single
structure, Boundaries may be vague, diffevent individnoals may
be blended or even superposed, but in spite of the indefiniteness,
the attempt to sub-divide a region into the individoals that com-
pose it will be found very profitable.  In o large way the Appa-
lnchian platean is an mdividual ;@ the Adirondacks, the terminal
wormine of the second glacial epoch are othiers. 1o a small way,
a drumlbin, o fan delta, a mesa, are ndividuals. The linear
plateaus of middle Peonsylvania sve hybrids between the well-
‘iil.""i‘ﬂlﬂ'.ﬂi"!i linear ndees of the moonntams farther cast amd the
irregular plateasy masses farther west,

A rough elussification of geographic individuals wonld group
them under such hendings as plains, platesns, and rough broken
cotntries of horzontal steaoture ; monntaimes of hroken, tilted or
folded structure, menerally having o distinet linear extension ;
voleanoes, inoluding all the parts from the bottom of the stem or
neck, up to the lnteral subterrancan cxpansions known ss Inoeo-
lites, and to the surface cones and fows; glacial deft 3 wind
drifi.  The agents which accomplished the work of denudation
are algo snsceptible of clussification ; nvers nocording to the ar-
rangement of their branches, and thelr imperfections in the form
of lakes and glaciors, The valleys that rivers determine may be
considered a8 the converse of the lands in which they are cut 3
and the waste of the land on the way to the sea is suseeptible of
careful diserimimation : local swl, wlus, alluyvial dﬁ[mﬁité, {an
cones and fan deltas, flood plains and shore deltaz,  Their varia-
tions dependent on climatie conditions are of especial mportanee,
The structures formed alopg shore lines are also significant,  This
list is intentionally brief, and the lines between its divisions are
not sharply drawn, It undoubtedly requires discussion and eriti-
cism before adoption. It differs but slightly from the common
geographie stoek in trade, bat for its proper application it requires
thut the geographer should be in some degree a geologist.

The changes in any geographic individual from the time when
it was offered to the destructive forees to the end of its life, when
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it 18 worn down to o featoreless base level surface, are worthy of
the most attentive study.  The innmaturity of the broken country
of southern Orepon, 88 compared with the mors sdvaneed forms
of the Basin ronges, 18 n ense in hand.  The Triassie formption
of the Conneeticut valley 15 in some ways of similar stroeture,
being broken by long parallel faults ioto narrow blocks or slols,
every block being tilted from its original position.  Russell's de-
seription of the blocks in southern Oregon would apply nicely to
those in Counvetiont, exeept that the former hove diveese dis-
placements, while the Jatter all dip one way ; but the Conngetiont
individual has, 1 feel contident, passed throngh one evele of life
and has éntered well on o seeond : it has onece Been worn down
nenrly 1o basge lovel sinee it was broken and faulted. and subse-
guent elevition at a rather remote period has allowed good ad.
vaneo in a repetition of this procese.  The general uniformity in
the height of its trap ridges and their strong 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 suocessive eveles of Life, and before considering the
resulting composite history in it entivety, it would be best to
examine enses of simple development in a «dngle ovele.  Aflter
this 1& necomplished, it would be pessible to recogniee the ineom-
plete partinl eveles through which a strocture has passed, and to
refur every dotatl of form to the eyele in which it wis produced.

The most elemontary example that may be chosen to illustrate
a simple eyele of geographic life is that of a plain, elevated 1o
a moderate height above its base level, The cuse has already
heen referred to here and is given in more detail in an artiele
printed in the proceedings of the American Assoelation for the
Advancement of Seience, for 1854, to which 1 would now refer,
When the succession of forms thers desoribed as developed at o
wiven elevation over base level is elearly perceived, the ocenrrence
of forms dependent on two difvrent base lovels in o single region
can easily be recognized.  The most striking oxample of such a
complex case that T know of is that of the high plateaus of TTrah,
as described by Dutton.  Northern New Jersey prosents another
example less striking but no less valuable @ the general upland
surfacp of the Highlands is un old base level, in which valleys
have been eut in comsequence of a subsequent elovation. The
platean developed on the tilted Triassic beds sbout Bound Brook
s o second base level, cut during a halt in the riee from the
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previous lower stand of the land 1o its prosent elevation,  There
1% u purable that illostrates the principle here presented,

An antiguary enters a studio and finds & senlptor at work on a
marble statue, The design is us yet hardly perceptible in the
rongh eut block, from which the chisel strikes off lurge chips at
every blow ; but on looking eloser the antiquary discovers that the
bloek ttself is an old torws, broken and weather beaten, and at
once bis imagination runs back through its earlier history
This is not the first time that the morble has Iain on a sealptor’s
table, and suferad the steong blows of the fiest roigh shaping.
Long ago 1t was chipped pod eut and  polished o shape, and
perhaps even set up in its completed form in gome garden, but
then 1t was _imgl-ﬂﬂl;ml wndd h:‘l.illj' nsul, thrown aver and hrukum
till its perfeet shape was lost, and it was sold for nothing more
than a murble block, to be carvied over agam if the sculptor sees
fit, Now it just beginning its second carcer. We may find
many parallels to this story in the land about us, when we study
its hstory through its form.  The sequence of events and conse-
quently of forms 1€ so apparent bere that no one oould hove
difficulty in interpreting history from form, and it shall come to
be the same in geography, The gorge of the Wissahickon
throngh the laghland northwest of Philadelphis can linve oo
other interpretation than one that likens it to the first gquick work
of the sealptor on the old torsq.

An essontinl ps well as an advantage in this extension of the
study of geography will be the definition of types and terms,
both chosen in aceordance with a rational and if possibile a natural
svatem of classification.  Types and terms are both already -
troduced into peographie study, for s vory clements prosent
them to the begimner in o sunple and rather vagus way @ moun-
tains are high aod rough ;@ lakes are bodies of standing water,
and s0 on, It s to such types and terms as these that every
sohalar must continunlly  return ns he reads aceounts of  the
world, amd it is to he regretted that the types are vet so poorly
chosen and so imperfectly illustrated, and that the terms are so few
and =0 insufliciont,  Physleal geography is particnlurly deficaent o
thise respets, and needs to be greatly modified in the light of the
modern advance of topography  General aceonnts of continental
homologies of sourse have theirinterest and their value, but thoy
wre of the kind that wonld ssociate whales with fishes and bars
with birds. The kind of reform that is nesded here may be per-



99 Nutional Geographic Magozine.

geivind from that which has overtaken the biologieal sciences
The better teaching of these subjects lays representative forms
before the student and requires him to examine theilr parts
minutely, The importance of the parts is not judged merely by
their size, but by their significance also, From a real Enowledge
of these few types and their life history it i= easy to sdvanes in
sehool days or afterwards to o rational  umpderstamnding of @ groat
pumber of forms, Few students ever go so far in sebool as to
studv the foresta of North America or the fauna of Seuth Amer-
ion. It is sufficient for them to gain o falr sequaintance with a
wood number of the type forms that make up these totals. Tt is
quite time that geography should ss far as possible be studied in
the same wav, No=chool bov can gain o comprebensive idea of
the structure of a continent until he knows minutely the individ-
usl parts of which continents are composed.  No explorer ean
perccive the full weaning of the conntry he traverses, or record
his nhservations so that they can be read imtelligently by others
until he i fully conversant with the features of prographie types
and with the changes in their expression as they grow old.  Both
seholar and explorer should be trained in the examination snd de-
seription of weographie tvpes, not necessarily copies of actoal
places, before attempting to study the physical foatures of a
country eomposed of o large number of geographic mdividuals,
When thus prepared, goography will not only serve in geologio
investigation, it will prosper in its proper field as well.
Geographie deseription will become more and more definite as
the obeorver has more and botter type forms to which he may
liken those that he finds in his explorations; and the reader, tmught
from the same types, will gather an intelligent apprecition of
the observer’s meaning. Take the vegion north of Philadelphis
above referred to.  Having grown up npon it, T ealled it a hilly
country, in aceordance with the geogruphie lessons of my school
daye, and continued to do so for twenty years or more, until on
opening my eves its real form was pereeived. It i a surface
worn down nearly to & former base level but now diversified by
ramifving vallevs, ent into the old base Jevel in consequense of &
submequent but not very ancient elevation of a mivlerate pmount,
Maturity is not yet reached in the presont eyele of development,
for there is still much of the old bage level surface remaining,
into which the valleys are gnawing their hesd ravines and thus
increasing the topographic differentiation.  Perliaps not more
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than a wixth of the total mass above prisent base level is yet con-
sumed. Vo say that a conntry is hilly grves so wide a range to
the imagination that oo correet coneeption of it ean be eained,
but 1 venture to think that one who nndesstands the torms nsed
can derive 4 very definite and acourate coneeption from the state
ment that o eertabn countey 15 an old, almost completed  base
level, raised from one to three handred feet, and well advonesd
townrd maturity In its pressut eycle of change.

It W frow geographic methods thus vonceived that geologic
imvestigation will gain assistance,  As the subjeet s properly
developedd it will form an mdispensable part of the education of
every explorer, topographer and  geologist 5 and in its stimpler
chaptors it will penetrate the sehools,  Thers is no other subject
in which there ls greater disproportion between the fnstraction,
as vommonly carried o, amd the apportunity for application i
after life.  The intelligent part of the world is travolling from
place to plave tooan extont that our fathers conlil not have T
lievedd possible, and vet vot one porson in ten thousand has any
geographic instruction that enables him to see more than that a
river i= large or small, or that o hill s high or low.  The mean-
ing of geography is ns much a sealed book o the person of ondi-
nary imtelligence and education s the meaning of a great eathe-
dral wonld be to o backwoodsman, and vet no euthodral can be
more suggestive of past history nits many architectural forms
than is the land about us, with it innumerable and marvelously
significant geographio forms. 1t makes one grivve 1o think of the
opportanity for mental enjoyment that is lost beeause of the fail-
ure of education iy this respeet,

It may be nsked perhaps how can one be teaioed in geographie
types, seoing that it is impossible for schools to travel where the
types oeenr.  This s surely o great and inheremy ditficulty, but
it may be lessened if it cannot bo overcome,  Good illustrotions
are hocoming more and more commaen by means of dey plate pho-
togruphy ; maps are improving in number and quality 5 but the
mast important means of teaching will be found in models.  No
uuips, illustrations or deseriptions can give as clear an idea of
relief as ean be obtained from o well-made model, and with o set
of models, fifty or sixty in number, the more important types and
thoir changes with age can be clearly understood.  Maps, illus-
trutions and desoriptions supplement the models.  The maps
shonld be contourcd, for in no other way can the uantitative
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vilues bo perecived that are essential to good study.  The iflus-
trations should be of actual soenes; or, il designs, they should be
designed by o geographie artist.  The desoriptions should wher.
ever possible be taken from original sources, in which the narra-
tor tells what ho saw himsalf, It is; 1o be sure, not always possi-
ble to know what kind of p form he deseribes, owing 1o laek of
technical terms, but many wseful examples can be found that may
then be referred to thewr proper place in the system of geographie
wlasgification that = adopted.

I shall consider only ane cxample in detud] to show Lhow far
shiart, a8 it seems (o me, geography fails of its great opportunity,
both ne tnught in schools and as applied in after life,

In northeastern Ponnsvlvanin there are several water-falls that
leap over tilted bods of rock.  Sueh falls are known to e of rare
ovourrence, amd we may therefore inguire into the canse of their
rarity and the significanee of their ocenrrence in the region re-
ferrod o,

Wo may first look at the general ponditions of the oceurrenee
of water-falls.  They mdicate points of sharply contrasted hard-
ness in the rocks of the stream channel, and they show that the
part of the channel above the full bas not yet been eut down to
base level.  When the channel reaches ise level thers can be no
fulls. Now it is known from the genernl histary of rivers that
only a short purt of their Jong lves s spent o coatting their chan-
nels down to base level, exoept in the case of headwater streams,
whivh retain vouthful characteristice even throngh the maturity
of their main river, Consequently, 11 1+ not likely that at any
one time, a8 now, o the long lives of our many rivers, we should
see many of them in thewr short-lived vouthful phase.  Falls are
excoptional and denote immaturity, They endure a little longer
on horizontal beds, which must be cut back perhaps many miles up
stream before the fall disappears, than on tilted beds, which must
bt cut down o few thonsand feet nt most o reduce them to base
level,  Falls on tilted heds are therafore of briefer duration than
on horigontul beds, and are at any time proportionstely rarer. Oy
the headwater branches of o river where vouthiul features such
as wteep slope and sndden fall remain after the muin river has o
woll-matured channel, we sometimes find muny water-falls, as in
the still young branches of the ald Ohio.  These are like young
twigs on an old wree,  Bat even here the rocks nre horizontal, nnid
not tilted us in the cases under consideraticn,
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The falls of such headwater stresms must persist untl the
platean s et away, for the cap rocks over which the streams leap
being horizontal eannot be smoothed down till the whole platean
in cut throngh, They are long-lived featuyres, Morsover every
ené of the innumerable branch streams must on its way down
from the uplands fall over the outeropping edges of all the hanl
beds, The falls will therefore be common as well as long-lived
fentures.  Their frequent oceurrence confirms the eorrectness of
this genvralization. On the ather hand, in rewions of tilted rocks,
the hard beds are avoided by the strosms, which select the softer
strata for their vallevs, The hard beds soon stand up as ridges
or divides, aeross which only the Lirge stroams ean maintain their
conrses, anid theso are the very ones that soon ent down any fall
that may appear in thete early stages.  Falls on tilvted rocks are
therefore rare not only because of their brief duration, but also
hecause tilted rocks are orossed by few stremms, exeept the large
ones, which soon eut away their falls,

The foregoing considerations show clearly enough that falls
like those of northeastern Pennsylvanin are rare, and we liave
now to constder why they should be prevalent in the region in
puestion,  The Appalachians contain many water-eaps ot down
on tilted bods, every ane of ‘which may have been the site of n
fall for u relatively brief period of river immaturity, but this
brief period is now left fur in the past.  The streams show many
signs of maturity: their slope = gentlo and their valleys are wide
open from Alabama to Pennsylvama, but in the northeastern
corner of the Intter State we find & group of strepms that leap over
high benches into narrow gorges, and the benches are held up by
tilted rocks, Manifestly the streams have in some way bhoen
lately rejuvenated 3 they have beon, in purt of their coursed at
lenst, thrawn back into 4 condition of mmaturity, at a time not
long past, amd, as has so well been shown by White, the eause of
this is the ebstrustion of their old channels by rregmlare deposits
of glavial drft.  Here fiest in the whole longth of the Allegheny
section of the Appalachians we find an exeeptional condition of
stream life, and here also we come inte o region lately glaciated,
where heaps of drift have thrown the streams ont of their old
tracks.  The explanation fits perfoctly, and if it had not been
discovered by inductive observation in the field, the need of it
might have beon demonstrated dedunetively. Tt 18 a case that has
given me mneh satisfaction from the promise that it holds out
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of o wide vaefulness for geography, when its forms are systemati-
cally studied and its principles are broadly applied.

A final word as o terminology.  The matrial common to ge-
ography and geology may be Inelodwl under the name phesiogrs-
phy, as used by Huxiey. It is, [ think, n sabjeet that is destined
to reovive much attention.  Physical geography, as ordinarily de-
fined, does not cover the ground that it might fairly claim. It is
too largoely deseriptive aml stmatistical,  Geographie evolution, as
defined by Geikie, is the genernl preparation of existing googra-
phy by geologic processes. It does not consider the general
scheme of topographic development or the natural elassification
of geographic forms.

It is not easy to change the accepted meaning of o term, snd |
wonld therefore suggest that 4 new term should e introduced to
inelude the elassitication of geographic forms, ns advoeated here,
ruther than that nny old and accepted torm should be stretehed
over a new mesning,  As the essential of the stwly here ontlined
1= the systematic relation of form to structure, base level and
time, the new term might be Systemutic Geography.
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THE CLASSIFICATION OF GEOGRAPHIC FORMS BY
ENESIS.

By W. J. McGer

SomeNTivie progress may be weasured by advanes in the olnssi-
fiention of phepomenin.  The primitive classification is based on
external pppesrances, snd 15 o clussification by analogies ; a higher
elussification 1= hased on internal ns well as external characters,
and i a classification by homologies ; but the nltimate olassifica-
tion expresses the relations of the phenomena classified 1o all
other known phenomena, and is commonly a olussifieation by
Lenedis,

The early geologic classification was based chiefly upon simple
faots of obsirvation : but with continued research it is found
that the prooesses by which the phenomens were produced mny
e inferred, and, scoordingly, that the phenotmena may ba grouped
as well by the agencics they represent as by their own charneter-
isties,  Thus the empivic or formal laws of rolation give plase to
philosaphic or physical laws indicating the casual relations of the
phenomena, and the final arrangement beeomes gonetie, or a
classification by processes rather than produocts,

The phenomens of geography and geology are identical, save
that the latter seience ineludes the larger series @ since the days
of Lyell the geologist has seen in the existing conditions and
agencies of the varth o reflection and expressdon of the eanditions
udor 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 earth of to-day : und the StaroR
in geologe development are best interproted in terms of peogra-
phy. Soa genetio classification of geologio phenomena (which
is rendercd possible and intelligible throngh geographic research)
will apply equally to geography, whether observational or of the
more philosophic nature which Davis proposes to call Systematic
Geography, and which Powell has ealled Geomorphalogy,  Such
a classifioation is here outlined.

The various processes or movements with which the geologist
has to deal fall naturally into two principal and antagonistic eate-
gories and five subordinate categories ; and each eategory, great
and small, eomprises two clagses of antagonistic processes or
movements,
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The initial geologic movements (80 far as may be inferred
from the present condition of the earth) were distortions or dis-
placements of the solid or solidifying terrestrial orust, ocenrring
in suel manner as to produce irvegularities of sarface.  These
are the movements involved in mountain growth and in the up-
beavel of contiments. They have been in operation from the
carliest known cons to the present time, and their tendency is
ovur to deform the geoid and produee irregularity of the terrestrial
surface. The movements have been called eollectively * displace-
ment” and “diastrophism,” but in the present connection they may
be classed as diastatic, or, in the substantive form, as oeformi-
tion, Recent researches, mainly in this country, have indicated
that certain diastatic movements are the result of transference of
sediment — that areas of loading simk, and areas of unloading rise ;
bt it is evident that the transference of sediment is itsell due 1o
antecedent diastatic movements by which the Josded sreas were
depressed and the unlosded areas elevated; and the entire ente.
gory may accordingly be divided into antecodant and conseguent
dinstatic movements. A partinlly coineident division may be
misde ito apedrogenie, or continent-making movements {so eallod
by Gilbert), and orogemie, or mountair-making movements.
Theugh there i commuonly and perhaps always a hotizontnl com-
ponent in diastatic movement, the wore easily messared compo-
nent 1= vertical, and when referred to a fixed datum (e g sea level)
it is represented by elevation and depreasion,

The second great category of geslogio processes somprobonds
the vrosian and deposition inaugurated by the initial doformation
of the terrestrinl surface, By these processes continents and
mountains are degraded, and adjacent oceans and lakes lined with
their debris.  They have been in active operation sinee the dawn
of geologiv time, and the processes individually and combined
ever tend 1o restore the weoid by abliterating the relief produced
by deformption.  The genernl process, which comypirises dege-
dation and deposition, may by called grodotion.

The first subordinate category of movements is allied to the
first principal category, amd comprises, (1) the ontflows of lavas,
the formation of dyvkes the extravasation of mineral substances
in selution, ete., (2) the consequent particle and mass movements
within the vrust of the enrth, and (4) the infiltration of minerals
in solution, sublimation, ete.,—in short, the modification of the
earth's exterior direetly and indirectly throngh particle movements
induced by the condition of the interior. These processes have
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been in operation thronghout geologie time, thongh they perhaps
represent A diminishing series ; they have added materally to the
superficial erust of the earth ; and it is fair to suppose that they
have modified the geoid not only by additions to the surface but
by corresponding displacements in their vicinity, The eategory
may be tentatively (but rather improperly) called rodoaniom, and
the antagonistic olasses of movemonts constituting it are estrdie-
posation and its antithesis, The vibratory movements of seis.
wriigm probably result from both deformation and valeanism under
eertain conditions.

The second subordinate eategory of processos is closely linked
with all of the others. It eomprises the varions chemic and
chemipo-mechanieal altervations in constitution aod structure of
the materials of the carth’s erust. The processes have aflpcted
the rocks pver sines the solidification of the planet, thoogh prob-
ably in a progressively diminishing degree ; and they have ma.
terially (but indirectly rather than directly) modified the internal
copstitution and external configuration of the earth. The pro-
cesses may b collectively ealled alteration: and the antagonistio
elnases into which the ecategory ie divisthle are Nehiroetion and
deccimposition in their varions phases, or cockforiation and
rock-ifeat rwetion,

The third subordinate category of processes, vig @ glaciation,
is related to the second principal category ; but sinee (1) it is
probable if not actnally demonstrable that under certain direim-
stances glaciul grinding tends to accentuafe predxisting irregn-
Inrities of surface, and sinee (2) it i= well known that glacial de-
pokition sometimes gives great irregularity of surface, it is evi-
dent that glaciation ik not n simple process of gradation, bat
mat be clearly distinguished therefrom. A vonsiderahle portion
of the earth’s sarface has been modified by glaciation dorving
later geologic times,  The general process comprises glacial eon-
atrwotion and glocial deatruction.

There s a fourth subprdinate eategory of processes, which 1is
alsn allied to gradation, viz : wind-action, which may be made to
include the sction of waves and wind-horn etrrents ; but sinen
thy winds seoop ont basins and beap up dunes, while the waves
excavate submuerged purgatories and build bars, it s evidant that
this eategory, too, must be sot apart. The processes are only
locally important as modifiers of the land sorface of the globe.
They comprise constructive action and destructive aotion.
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Thers is n final category which s in part allied 1o alterstion
bt s in part pnigque, vig @ the ehemie, mechanienl, and dynamie
aetion of orgunie e,  BEver since the terrestrial orst become so
stable as to rotain o definite record of the stages of world-
growth, life has existed and by s traces hos fornished the ae-
coptind peologie chronology @ at first the organisms were simple
and lowly, and affeoted the rocks chemically through their pro-
eesses of growth and decay, as do the lower plants and animals
of the present ; later, certain organisms contributed largely of
their own hodily substance to the growing strata ; and still laer,
the highest ovrsnisme, with mun at their bead, have by dynamie
petion interfersd direetly with gradation, alteration, and wind-
action, and thus, perhaps, indirectly with the more deep-seated
processes of worll growth.  The vital forces are too varicd in
operation to be convonigntly groupod nmld nhmed.

These categories comprise the varions processes contemplatod
by the geologist, and colleetively atford an adequate busis for o
genetio classification of geolegie seionee,  Thelr relations are
shown o the necompanying table ;

Classificotion of Geoliric Proceseecs,

= £ L —Defor-y ﬂntﬂﬁ‘dl‘ﬂt{ﬁ'ﬁl‘“ﬂgﬂmﬂ! i Elevation,
‘E" mation, ' Conseguent>Orogenic.  § » Dopression,

II
4'

| Iﬁguﬂ&&

2. —Grodation. .....- vare o=y Deposition.
gﬁ 1 ;l’ltrgm!uhmn*

g [1-—Vuoleaniam. . ... ... | Extravusation

& { iAntithesis of Extrav,)

E ?— Altemtion. .. ..... .. { Lithifactiog.

g | | Decomposition,

|
« Bi—Glaciation. .. ____ { Glaecial construetion.

3 { Glacial destruction.

:5 4. —Wipd setdon. __ ...y Wind construction.

E i Wind destruction.

3 | h—Vital wetion. ___.____ { Various constroctive and
L destructive processes,

On applying this classification to goographic forms, the various
phenomena immediately fall into the same arrangement. The
continents, great islands, mountuin systems, and non-vileanje
ranges and peaks generally, the ceeans, seas, and some bays, gulfs
and lakes, evidently represent the diastatic category of move-
ments. These greater geographio features have long been named
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anid classified empirically, and can he referred to their proper
places in a genetio taxonomy without change in ferminology, The
voleanoes, craters, ealderns, lava ficlds, toff fields, tfa orags,
mesag, voleanio necks, dyvkes, eto., however modified by degrada-
tion, alteration, glaciation, or wind aetion, exhibit charncteristio
forms which have often received numes indieative of their origin,
The glacial drift with s various types of surface, the moraines,
drumling, kames, roches de montonndes, rock basins, kettles, laous-
tral plains, aqueo-glacial terraces, loess hills and plains, ete, have
been studied in their morphologic as well as their steactural
pepects, and the eloments of the vonfiguration commaonly nssumed
have been desoribed, portrayved, and appropristely named ; and
they take a natural place in the classifiention of products by the
processes giving rise to them, The dunes, dust drifts, sand
ridges, ote,, and the wind-scooped basins with which they are
asocinted, are loeal and limited, but are fairly well known wnd
fall at onoe into the genetie elassifieation of forms and structares,
Bur all of these geographio forms are modified, even oblitorntod,
by the ever prevailing process of gradation, which has given ori-
gin to nearly all of the minor and many of the major geographic
forme of the varth,. The formes resulting from this second great
category of geologie processes have generally engaged the atten-
tion of systematio students, but their prevalesee, variety and
complexity of relation are such that even yet they stand in great-
ost need of classification.

Lesley thirty vears ago regarded the mountain as the fumla-
mental topographic clement: Richthofun reoognizes the upland
and the plain (“aofragendes: Land und  Flachlulon ™) as the
primary classes of configiration comprebending a1l minor vloments
of topography; Dana groups topographio forms as (1) lowlands,
(2) plateaus and clovated table lands, and (3) mountains ; and
these related allocations are satisfuctory for the purposes for
which they are employed.  Bot the implied clussifieation in all
these eases is morphologie mther than genetic, and ix hased Hpom
superficlal and ever varying if not fortnitous chararters ; and if
it wore extended to the endless variety of forms exhibited in the
topography of Jdifforemt regioss it would anly lead to the is-
erimipation of o meaningless multitnde of unrelated topographie
elements,

In an exceedingly simple classifieation of geographic phenom-
enn, the primary grouping is into forms of construetion and firma
af deatruction ; but it is evident on ispection of the table intro-
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dueed above that sneh a classifieation i objectionable unless the
greater geographic elements due to diastatic movements (in which
the constructive wetion is veritable but different in kind from
those in the other sategories) be exoluded, and this is impractica-
ble without limiting the classifieation to subordinate phenomena,
Maoreover it is illogical and useless to unite the constructive phe.
nomena of the remaining eategories, sinee (1) the processos exem-
plify widely diverse laws, which must find expression in any
detatled classification whether genetic or not, and since (2) the
differences between the forms united are muoch greater than the
differences between the forms separnted 1n such a classification —
v £, the differences between a dune, & dromlin and a mesa (all
gonstructive forms) sre far greaster than the differences between
n fresh lava sheot and u deeply cut mesa, between a drumlin and
the smallest drift remnant, or betweon s done and 2 Trisssio
moand of ciroumdenudation; and this is true whether the distine-
tioti be made on analogic, homologie, or genetic grounds,  Indeed
it seems evident that while diserimination of constructive and
destruetive forms is necessary and useful in each genetic cate-
gory, the use of this distinotion as a primary busis of classifi-
eation is inexpedient, |

The classification of topographic forms proposed a few years
ago by Davis, who regands “special peonliarities of original
structure " as a primary, and ' degree of development by erosion ™
a secondary busis, and Richthofen™s arrangoment of eategories
of surface forms as (1) tectonic monntains, (2) mountains of
abrasion, (d) eroptive mountains, (4) monntaing of depasition, (5)
plains, and (6) mountains of erosion,® in addition 1o depressions of
the land (Die Hohlformen des Festlandes), are more pccept-
uble, sinoe they are based in part on eomditions of genesis.  But
it s elearly recognized by modern students of dynamle geol-
ogy that waterways are the most persistent features of the
terrestrinl surfnce ; and the most widely applicable systems of
classification of the surface configuration of the varth thuos for
propoged have boon baséd substantially oo the agencies of grada-
tion.  Thus Powell, Low] and Richthofen classify valleys by the
vomlitions of their genesis ; Gilberr classities depinage ; and
Phillipson, nnduly magmifies the stability and genetic import-
unee of the water parting, colassifies the hydrography through

* 1) Tektonische Gebirge, (2) Rumpfgebirge oder Abmsionsgebirge,
(%) Aunshruchsgebirge, (1) Aufsehittungsgebirge, (5 Flachbdden, und
(8} Eroslonsgebirge.
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the divides ; and, althongh these geologists have not dwelt upon
and perhaps have failed to perceive the relation, the same classi-
fieation is a5 applicable o every feature of the local relief s to
the streams by which the relief was developed.

In a genersl classification of the topographic forms developed
throngh gradation, it would be necessary to inelude the forms
resulting from deposition ns well as degradation, and alse to dis-
cuss the relation of base-level plains to antecedent and consequent
relief ; but in a brief rosumd it will suffice 1o consider only the
modifications produced by degradation upen a surface of deposi-
tion after its emergence from beneath water level as & regular or
irregular terrane ; and the influenee of  base-devel npon the topo-
graphic forms developed upon such a surface may be neglected in
a qualitative discussion, thougl it is quite essentisl in guantitative
myestigation,

The hydrography developed apon terranes affeeted by displace-
ment both before and after emergence has slresdy been datis-
factorily olassifimd. Powell, yenrs ago, denominated valleys estab-
lished previous to displacement of the terrane by funlting or fold-
ingr, antevedant vallevs ; valleys having directions depemding on
displacement, eonseguent valleys ; and valleys originally estale
lished upon snperior and subsequently transferred to inferior ter-
ranes, superimposed valleys ; and these yulleys were wpa'mtmi
into orders determined by relation to strike and aguin into varie-
Hes determined by relation to subordinate attitude of the termnes
traversoed. h1|iw.ﬂ adopted the spme geceral olnssification, and
so extended as to include ecortain special genetio eonditions,
Tietre, in the course of his investigntion of the Sefidrad (or
Kizil Uzen) and other rivers i the Alburs mountaing of Persia,
independently nscertained tlw charnetoristios of the class of water-
ways comprebended by Powell onder the term  anteesdent
Medlicott and Blanford olserved that many of the Himalayan
rivers are of like genesis; and Ritimoyer, Pesebel and others
have reeognized the same genetie elass of waterways; buat none of
these foreigt gealogists have diseussed their tasonomie relations.
Lowl, who upon a priord gtoumls denies the possibility of ante-
cedent deainage, has reoently developwd an elaborate taxonomy of
vallevs which he groups as (o) tectonio valleys, and (5) valleys of
erosiom (Erosionsthiler), The first of these eategories 18 separited
tnto two olnsses, vie: viallovs of flexore and vallevs of frictare, and
theso in turn into several sub-clasaey determined by charaoter of
the displacement and its relations to structure : and the second,

u
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whose penesis 18 attributed o retrogressive (rilckwiirts fort-
schreitende ™ or * rlickschreitenide ™) #rosion, is vagnely separa-
ted into seversl ill-defined clusses and sub-classes determined by
structure, climate, and various other conditions.  The second of
Liwl's categories i= alse recognized by Phillipson.  Still more
recontly, Richthofen, neglecting antecedent drainage, designated
the superimposed class of Powell spigenotic, and formnlated a
elassification of the remaining types of continental depressions
(IMe Hehlformen des Festlandes) as (a) orographio depressions
(Landsenken) ; (&) reotome valleys, and (o) soulptured valleys; and
the lnst two oategories are separsted nto classes and sub clnsses,
corresponding fairly with those of Lowl, determined by their
relations to strocture and by various genetic conditions,

These sevoral classifications baye much in common ; their
differences are largely doe to the diversity of the regions in which
the investigationsof their respective suthors have been prosecuted;
bat combined they probably comprehend all the topographie
types which it is nocessary 1o discriminate,

The American classifieation and vomenclature, particularly, is
unobjoetionable as applied 1o montanic hydrography: but it does
uot apply to the perhaps equally extensive drainage systems and
the resulting topographic configuration developed on emergent
terrunes either (o) without localized displacoment or (#) with local-
iged displacement of less value in determining hydrography than
the eoncomitant erosion, terracing and reef building ; neither
does it apply 1o the minor hydrography in these regions in which
the muin hydrography is cither anteécedent or eonsequent ; nor
dovs it apply even to the orginal condition of the s T m sl
or anteoedint dramame of montamous rerions

Upon terranes emerzing withont displacement and npon equal
sarfaces not vet invaded by vallevs, the streams depond for their
origin on the convergenee of the waters {alling npon the unerodid
surface and affectod by its minor wegualities, and for their dirve.
tion upon the inelination of that sarface.  They are developed
proximally (or seawnrd) by simple extension of their courses by
contimmed alevation, aml distally by the rovession of the old and
the bhirth of new ravipes ; amld sinee in the simple case it follows
from the lew of probabilitivs that the receding ravine will retain
approximately the old direction and that the new ravines will de-
part therefrom at high sngles, the drainage svstems thos inde-
pendently developed  beeomo imtricately bt systematieally rami-
fied and more or less dendritio in form.  Lowl, Phillipson, Richt-
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hofen, and other continental, as well as different British and Indian
geologists, and Lesiey in this country, indesd recognize this type
of drainage, but I:le do not correlate it with the montanie types;
and Liwl's ﬁr:hlg'nntmn, derived from the mannét in which he con-
ceives it to bo generated (“ricksehreitonde Erosion™), does not
apply to either the comploted drainsge or the coincident topog.-
raphy.

Although its subordinate phases are not yvet diseriminated on a
genetie hasis, this type or order of drainage is sufficiently distinet
and important to b regarded s eodrdinate with the type repre-
senited by the entire group of eategories reeognized by Powell
and olmrlv defined by Gilbert, Such hydrography (w hiel either
it its natural condition or superimposed characterizes many plains,
some plateaus, and the kides of laree valleys of whatever genesis)
muy be termed eutogenows ; while the drainage systems imposed
by conditions resalting from displacement (which charnotyrize
most mountainous regions) may be termed teatonie,  Gilbert's
classification of drainage may then be so extonded ns to inolude
topography as well as hydrograpliv, and so amplified as to inelode
the additional type,

Dirainage systems and the resulting systems of topography (all
of which belﬂng to the degradational class of forms) are necond-
ingly,—

Type 1, Autogonous,
Type 2, Tevtonic—
Order A, Comsespuent, upin
Class a, Displacement before emergence, and
Class b, Buddon displacement after pmergence;
Crder B, Antecodent | and
Order O, Superimposed, through
Class a, Sedimentation (when the superimposed drain-
wEe may b nutogencis),
Class &, Alluviation or subserial deposition, and
Class ¢, Planutlon tn which two cases tho superim-
posan] drninnge may simulate the autogenons
t¥ pel

In brief, the entire domain of geologie science 18 traversad and
defined by & genetie classifieation of the phenomena with which
the geologist has to deal ; and the same olassification is equally
applieable to geographic fumnl. a8 the accompanying table illus-
trates ;
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Reprewentative Geogriphic Foraa as olassifiod by Genesis,

PENETIT Pl kRaps.

AR g iy

P ﬂ CrROGEAFHID Fonsts,

R s TION

GRADATION

VULOCANISM

ALTERATIGN

GLACIATION

Wisn AcTioN

ViITaL ACTION

FLEVATION Contivents, great islands, most
[ mountain  mnges, o, not
[ cinssitied 1n detml

DerRESsTON Oeenns, great 2eas and {::

donne i band valleys and ln
hasins, vte., nol clagsitiod in
detnil.
| THEPOSETION Newly eine *ml ooean-hottmms
| i ;.r.,,pu ns of the Coastal
Eu |, playas ond mountain-
el r]mﬁ#, minny food-
| plmins, marshes, etc., not
classified in detail.
| DG ADATION Drainnge-svstems and resalf-
ing  topographic  elements
which are— -
I —Autogenous (not o -
thod e letmil) 3 moud
2 —Teptonic—
Conssquent, upon Dsplace-
ment  before  mnergence,
and Sudden displaceent
pfter sinergenee;

Mtwwlem and

it} wiead, through
by 1 Fﬂmﬂﬂﬂ<
Alluvintion, ani
Planution,

EXTRAVARATION Voleanie peaks, craters, lnva-
flelds, mfa-crages. sinter-
cone, Voleanic necks, masas,
ilvkes, some minernl veins,
ete., not classitied in detadl,
|ANTITHESES OF D) Sinls, craverns, soms fissares,

| ptir,, not classiflinl in detail
 LITHIFACTION Minor features of cortain fopo-
graphic forms, o, g, reefs,
q CTIRES, p[nnm]mi selionta,
- URt-CTOPEInE  YeINA,  some

' cataracts, eto,, not classified
in dotuil.
| DELITHIFAOTION Minor festures of certain (opo-

graphic furms, ¢ g, pocls
and basina, refntrants. some
fissures ind caverns, eto.,
not elasaitisd in detadl.
CGBracial cossTREo-  Drift-plains mormines of what-
TION ever charncter, drumlins,
takne Tioe piine and v
‘ o, loss-pindns and ridges,
| o ete,, not elnssified 1o detail
GLACIAL  DESTHUQO- Rovk-basins, U-cafions, roches
| TIONR de moutonndees, ele.,
here classifed in detail,
Wisn coNsTRUCTION  Dunes, sand-ridges, bars, spits,
ele., not here classi in

| WIsSD DESTRUCTION P-:mdn mmm.wd mth.du.nan,




The treat Sterm of March 11-14, 1885, ar

THE GREAT STORM OF MARCH 11-14, 1888,

A SUMMANY OF THE REMAHKS MADE RY BrigamiER-UIEsEkal A. W,
GREELY, CHIEF SioNal OFFICER OF THE ARMY.

Tins storm is by no means as violent as others which have
ocenrred in the esstern part of the United Ststes, It is noted,
however, as being one in which an onusnsl smount of snow fell,
which, drifted by the high winds cansed by the ndvanes of an
antivyelonie ares in rear of the storm depression, did an enormons
amount of damage to the rilways in Massachusetts, southern
New York, and New Jersev.

The storm ecutre was first notioed in the North Pacific on
March #th ; whenow it passed goutheast from the Oregon coast to
northern Texas by the th. The ventre instead of mantaining
the nsnal elliptical form, gradualiy shaped itself into an extended
trough of low pressure, which covered the Mississippi and Ohio
vallevs during the 10th.  On the morning of Mareh 11th the bar-
ometer trough extended from Lake Superior southward to the
eastern part of the Galf of Mexico ; in the northern seotion over
Lake Superior, and the southern part, over Georgin, distinot
centres, with indepondent wind cireulation, had formed.

The northern storm centre moved northeastward amd  disap-
peared, while the southern centre moved slowly eastward, passing
off the Atlantic coast near Cape Hatteras, 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-12th the pressure deerensed in the soathern storm centre, and
the area instond of continuing its easterly direction moved almost
directly to the north, and on the morning of March 12th was
central off the New Jersey const,

The causes which anderlie the decrease of pressure and conse-
Squent. inereaso iy the violenee of storms are, as vet, undetermined.
The theory of * surges,” that is, atmospheric waves independent of
the irregular varations eonsequent on storme, has been arged by
some, and ospeeially by Abereraombiy, as the eanse of the deepen-
ing of depressions in some cases or of mercasing the prossure 1n
other cases. It 18 possible that under this theory a * surge,” pass-
ingr over the United States to the castward, as its trough became
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poincident with the centre of low pressure increased its intensity
or decressed s pressure, and the consequent increase in baro-
metrie gradients added to the violence of the winds. It should
b pointed out, however, that the very heavy rainfalls from FPhil-
adelphia sonthward to Wilmington during the 11th, and even the
heavier ones over the lower valley of the Hudson and in Conneo-
tiont during the 12th, muy have exercised o potent influsnes in
depressing the barometer at the centre of this storm.  However
this muay be, 10 i certain that the storm remained nearly station-
ary, with steadily decreasing pressure until midnight of March
121l at which time it was centrul botween Bloek Island and
Wood's Holl, with an nousually low harometer of 2862 at each
station. During this day the winds were unusually high along
the Atlantic coast from Enstport to Norfolk ; the maximum
velopities at the various stations rangring from 48 miles a1 New
York City and New Haven to 00 miles at Atlantie City and 70
miles per hour at Bloek Island. These winds, thoogh high, are
not unprecedented, and i they had been secompanied only by
procipitation in the form of min, the danage on lsod would have
been inconsiderable, but, unfortunately for the commersial inter.
ests of New York and other neighboring great cities, the passage
of the low area to the eastward was followed by a oold wave of
vonsiderable severity and of unuspal continuance,

The northern storm centre, whieh bad passed enstwarnd on the
Vith, hasd bl the usual effert of dewwing in a large quantity of
cold air from Britigh Ameriea ; 2 eold wave following the wake
of thi= storm, as i= wsual during the winter season. This wsausl
effect was intensifiod by the advanee of o second, amd more vio-
lent, evolonie eontre northward; the effect of which was to aug-
ment the eold wave already in progress by drawing in a still
larger amount of eold air o re-enfores i

As hns been alresly alluded to, the quuntity of snowfall was
unnsially great.  The casterly and northensterly winds had drawn
a large amount of aqueous vapor from the Atlantie over New
England in advance of the low area.  The sadden change of tom-
perature precipitated by far the greater portion of the agueons
vapor in the air, with the result of an almost anprecodented fall
of snow over western Massachusetts, Connectiont, and the valley
of the Hudson.

Professor Winslow Upton, Secretary of the New Englanid
Metenrologienl Sveiety, bas gathered estimates of snow from 420
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différent abservers, which go 1o show that 40 inches or more of
snow fell over the greater part of the districts named,

The deepuning of the arva of low pressure and the augeen|a-
tion of the eold high aren wlvaneing from British Amernes
resalted in Barometric gradients of anususl intensity; there he
ing gradients in oxcess of 4, when gradionts of & rarely
ooenr either in the United States or Great Britain,  The high
winds coused by these ymusanl gradients had the afeot of deift-
ing the spow to an unusunl extent, so that, os 15 woll koown,
nearly every rallroad in New Jersey, Connectiont, New York,
und Massachusetts was snow-bound & the earliost and most e
longed effects huing expericnesd i Conneotient, which douhtless
received the full beocfit of the heavy u,..uwr..u in the Mudson
River m]llr-y in wddition o thar l-h.l' westiorn part of thut State,

It i thought by some that the storm reonrved aml poassed
northwist into Conneeticat; an opinion in which 1 sanngot eoneur.
The wternationnl map and reports tend o show that this storm
pazged northeastwand sml was on the Banks of Nowfoundland on
the 17th of March.  The pecaliar shape of the isobars, while the
storm conld be clearly defined from observarions ar hand, was
sucth that it 1= not nnreasonable 1o believe that the ehange of wind
to the south ar Blook Island was due simply to an off-shoot of the
storm  from the main ceutre, i like manner a8 the storm itwelf
wan the outgrowth of o previous depression.

The traok of this storm neross the sea is left o Prolessor Hay-
o, Thest remarks are necessarily imporfecl, as my  offeinl
duties have been such as to provent any eareful stuwdy or examinn-
tion of the storm apart from that possible on the carrent wenther
miaps of the Sigmal Service.
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THE GREAT STORM OFF THE ATLANTIC COAST OF
THE UNITED STATES, MARCH 111i-141n, 1588,

By EverErr HAVDEN,
I churgn of the division of Marive Meweorology, Hydrographic Office, Navy Dapt.

INTHODOCTION,

Tuzx history of & great ocean storm gannot be writton with
any completendds until a loog mterval of time has elapsd, when
the meteorologival obsgervations taken on boird hundreds of
vereels of every nationality, scattered over the brosad expanse of
gecay, and bound, many of them, for far distant ports, can be
gathered together, comparad, pnd, where observations seem dis-
cordant, rigidly unalyzed and the bost data selectsd. It 1w only
when based upon such a foundation that the story can fully
deserve the title of history, and not romance, fact and not hypo-
thesis. At hest, there must be wide areas where the pliseune of
vessels will forover leave some blaok pages in this history, while
dlsewhere, along the great bighways of ocean traffio, the data are
absolately complete.  Last Augnst a tropical horrleane of ter-
ritic violenoe gwept in towarnd our coast from between Bermuda
and the Babamas, curved to the northward off Hatterns, and
poutinued its destructive doarse past the Grand Banks toward
notthern Europe: hundreds of reports from masters of vessols
cnnbled us accarately o plot its frack, a great parabolie enrye
tungent to St. Thomas, Hatteras, Cupo Race, and the northern
const of Norway., Six months later a report forwarded by the
British Moteorogical Offics, from a vessel homeward hound from
the Equator, indicated that it originated far to the eastward, off
the coust of Africa, and only the other day the log of a ship
which arrived a1 New York, March 2oth, from Caleattd, supplied
data by means of which the storm track can be traced still more
aceurntely, wostward of the Cape Verde islande,  Not only that,
but this same vessel op the 11th of March was about G500 miles
to the eastward of Bermudna, and, while the great storm was
raging botween Hotteras and Sandy Mook, was traversing o
region to the northeastward of Bermnda from which our records
are ns yet very incomplete, It will thus be elearly wndarstood
that while the most curtiest efforts have been made, not only to
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eolleet and utilize all available mfomnation, but to be eareful and
cantions in generalizing from the data o1 hand, yvet this stody
must be considered as only proliminary to an exbnustive treatise
hinsed on more complote data thoy it s now possible to abtain,

Four charts have heen prepared to illustrate the motoornlog
cal eomditions within the aren from 25" w 507 porth Intitude,
07 to 507 west longitade, at 7 A w, Thith merhlion time, March
111k, l'*t.lu 13th nnd 14th respectively.  Data for land stations
buwe been taken from the doily weather maps pnlﬂmhmi hy the
7, 8. Signal Serviee, and the set of tri-daily mups covering the
period of the great storm has been invalnable for reference
theonghout this discussion.  Mariog data are from reports of
marine meteorelogy made to this offiey by mastors of vessels, nnil
not only from vessels within the area eharted, but from many
uthers just beyomd its limits.  The refined find avcamio obsoryva-
tions tnken with standard instroments gt the spme moment of
abwolite time all over the United Staves by the skilled' observers
of the Signal Service, rogether with those contributed to the
Hydrographic Offiee by the voluntary co-operation of masturs of
vesgals of every nnﬁn;ﬂltﬁiy, and taken with Instruments com-
paresl with standards at the Branch Hydrographic Offives immeld-
iately upon areival in port, make it safe o «av that never have
the dats been so complete and reliable for sugh o disenssdon 4t
sitoh an early date.

It will not be out of place briefly o refer to tertain prineiples
of meteorology that are essential to a elonr soderstanding of
what follows. The general astmospherie movement in these lari-
tudes is from west to east, and by far the greater proportion of
all the areas of low barometer, or eenters of more or less per-
feotly developed wind systoms; that traverse the United States,
move along paths which oross the Great Lakes, and thenes resel
ont over the Gulf of St Lawrence across the Atlantic towsed
leeland and northern Europe.  Another very characteristic storm
path may also be referred to in this conneetion, the curved track
along which West Indian burrirsnes travel up the const,  The
atmespherio movement in the tropies is, gonerally speaking, west-
ward, but a hurricane starting on o westward track soon curves off
to the northwest and north, and then getting mto the genernl east-
ward trend of the temperate zone, falls into line and moves off to
the northeast, ciroling about the western limits of the area of
high barometer which so persistontly overhangs the Azires and a
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great elliptionl area to the southwestward, The cireulation of
the wind about these arcas of low baromoter, and the correspond-
mg changes of temperature, aro indieated graphically on the
map: the wobars, or lines of equal barometrie prossure, are, as &
rule, somewhst cirenlar in form, and the winds blow ahoat and
away from an area of “high"™ in a direvtion with the hands af’ o
wirteh (in nautical parlanee, “ with the sun ™), toward and about
“How " with an opposite rotary motion, or against the hands of a
wateh: in front of a “low ™ there will therefore e, in extra tropi-
enl latitudes, warm sontheasterly winds, amd bebind i cold north.
weaterly winds, the resulting changes of temperature heing shown
by the isothorms, or lines of equal temperature. Moreover, iu a
eyclome system of this kind the westorly winds arve getierally fur
stronger than the easterly winds, the motion of the whole svstem
from west to cast incregsing the apparent [oree of the former
und decreasing that of the lntter, Upon reaching the cosst, sueh
areas of low barometer, or storm syslems, y.imns't inwuriuhl:r
develop a great inereaso of energy, largely due to the moisture
i the gtmosplivrs overhanging the oveat, which, when the air
ix chilled by contavt with the eold dry gir rushing v from the
“high,” ix precipitated and beeomes visible in the form of elonds,
with rain or snow, The latent heat liberated by the condensa-
tion of this agueous vapor plays o most important part in the
contimuance of the storm’s energy and, indeed, in its incresss of
epergy: the warm light air flowing in towards the central aren
of the storm rises: rapidly into regions where the pressaro s less,
that is; where the thickness and consequently the weight of the

saperineumbent atmospliere is less: it therefore rapidly expands,
wnd sueh expansion wonld result in a much more rapid cooling,
and a corresponding decrease in its tendeney to rise still higher,
were it not for the lutent hest hbessted by the condensation of
the maoisture which it contming,  Thus the forces that are con-
spiring to increase the cnergy of the storm are powerfully
assisted by the présence and condensation of sgueous vapor, &nd
the increasing updrought and rarefaotion aro at ones marked by
the decreasing barometrio pressure at the center.  For cxample,
a storm was oentral over the Great Lakes on Jan, 25th, with
lowest barometer 20,75 the following day it was central off Nan-
tucket, barometer 20.2; and on the 47th and 2=th, over the Gulf
of St Lawrenee, with barometer below 28.6, But such instances
are so common #% 0 make it the role, and not the exeeption.
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As stated above, the isobars abont an area of low barometer aro
somewhat circnlar in form ; more strictly speaking, they are
somewhat oval or elliptical in shape, and the more elongated the
north and south axis of this ellipse, the greater the resulting
changes of temporature, because, a8 it moves along its broad
path toward the Atlantie, the indrunght, or suction, s felt in front
far down toward the tropies, and i rear far to the northward,
beyond the territorial limits of the United Staves.

mimilarly with regard to the geners] movement of aregs of
high barometer, certain laws of motion have been plearly estab-
lihed by means of studies of the daily intemational charts;
instend of a motion toward east-porthesst, these areas when
north of the 40th parallel, have in general 4 motion towards
east-somtheast, and as a rule move more rapidly and with greater
momentum than “lows™ so that they may be said to have the
right of way, when the tracks of two such systems convergo or
mterseet,  These laws, or st least that relating to the Great
Laké storm track, s it may be called, soon become evident to
anyone who watehes the weather mnp from day o duy, upon
which are charted the systoms of low and high barometer as they
follow one another across the continent, bringing each its charae.
teristie weather,

MamcEr LTH, T AL AL

The firet of the accompanying weather ehurts indieates graphi-
cally the meteorological conditions over the wide aren charted,
comprising about 5000000 square miles, of which onethind is
land and twosthirds water. Over the lamd there 18 a long Line, or
troagh, of low barometer, extemdimg from the west coast of
Florida wp past the eastern shore of Lake Hnron, and far north-
ward toward the southern limits. of Hudsen Bay, In front of
this advancing line the prevalling winds are southeasterly, amd
the wurm moist pir drawn up from sonthern latitudes spreads o
warm wave slomg the const, with generally elondy weather and
heavy rains, especially south of Hatteras ; the Signal Serviee
observer at Pensacola, for example, reports the heavy rain-fall of
4.05 inches on the 1oth, About mdway of this trough of low
barometer thers is o long narrow region of light variable winds ;
of rapid changes In metesrological conditions ; eahnd, shifts of
wid, intervals of clearing weather ; then overcast apain, with
conler anid fresh northwesterly winds, inerensing to a gale.  The
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front line of this advanecing battalion of cold northwesterly winds
i more than o thousand miles in length, and covers the whole
breadth of the United States ; its right flank is on the Guif, its
left rests on the tareat Lakes, or even farther north § the tenpera-
ture falls rapidly at its approuch, with frost far south into Louis-
innn and Mississippi, and heavy snow in central Kentncky snd
eastern Tennessee, The long swaving line is advancing toward
the oopst at the rate of abont 600 miles a day, followed hy a
ridge of high barometer reaching from Texas to Dakota and
Manitoba. At points along the trough the barometer ranges
from 20.70, a hundred miles north of Toroento, to 20,86 at Pitts-
burg, 20.8% at Augusta, and 20,04 at Cedar Keve, Along the
ridge the barometer 18 very high ; 30.7 to the sorthward about
Lake Winnipeg, 20,6 in Wyoming, 40 7 in Indian Territory, and
4.5 south of the Rio Grande. The difference of pressure from
trongh to ridge is thus measured by sbout an ineh of merenry in
the barometer,  Moreover, the ehart shows that there is another
ridge of high barometer in advanpe, curving down off the coast
from vorthern Newfoundland, where the pressure is 80.6, toward
Santo Domingo, where the pressuree is 303, and passing midway
betwoen Hotteras anid Bermuda,  Farther to the eastward the
concentric isobars show the presence of a storm which originated
about Bertnuda on the 8th, and 8 moving off toward Europe
where, in o few days, it may conse northwesterly gales with snow
tor the northwand of its track, and southeasterly gales with rain
to the southwanl, Storm reports from various vessels show that
this storm was of harricane violenee, with heavy wqunlls and high
sens, but it need not be referred to in this connection further
than to say that it sent back a long rolling swell fram northeast,
felt all along the Alantie sca-boned the morning of the 11th, and
guite distinet from that enusvd by the fresheming gale from the
southenst.

METEORCLOGHEAL CoNmTions OFr T Coast,

While this trough of low barometer, with all its attendant
phenomens, 15 advancing rpully eastward townrd the Atlantie,
and the cold wave in its train 1= spreading over towns, countics
aud states—orossing the Great Lakes, moving up the Ohio valley,
und extending fur south over the Gulf of Mexico—we may paose
for & moment to consider a factor which is to play o most im-
portant part in the warfare of the clements so soon to rage with
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destructive violenee bétwesn Hatteras and Blook Island, and
finally to disturb the weather of the entire North Atlantic north
of the 20th parallel

The great wirm oeean current cslled the Galf Stream has, to
most peaply, & mwore or jess vague, mythical existence,  The words
sonnd familiar, but the thing itself is only an abstrnct idea ; it
Ineks reality, for want of any personal experience or knowledge of
ite eharnoteristio effeots.  To the navigator of the North Atlantic
it is a reality ; it has a conerote, definite existence ; it is un ele
ment which enters inte the calenlstions of his every-day hife—
sometimes as a friend, to help him an his conrss, sometimes as an
enemy, to endanger, harnss, and delay.  Briefly, the wann waters
of the tropies are earried slowly and steadily westward by the
broad equatorial drift-corrent, and banked up in the Caribhean
Sea and Galf of Mexioo, there to constitute the head or soures of
the Gulf Stromn, by whivh the greater portion is deained off
through the straits of Florida in a comparatively narrow and
swiftly moving stream.  This great movement goes on unecasingly,
subject, however, to pertain variations which the changing seasons
bring-with them. As the sun advanees northiwerd in the spring,
the southeast trados ereep up toward and across the equator, the
volnme of that partion of the equatorial cnrrent which is diverted
to the northward of Cape San Roque is grndunlly fneressed, and
this inerease s soon felt far to the westward, in the Yuentan snd
Florida straits.  Figures fail atterly to give even an approximate
iden of the amount of heat thus conveved from the tropics to the
north temperate zone by the ceaseless pulsntions of thiv mighty
engring of oveante ciroulation.  Te put it in some tangible shape
for the mind to grasp, however, suppose we consider the amommt
of emergy, in the form of heat, that wonld be liberated wers this
great volume of water reduced in Temperature to the freezing
point.  Suppose, again, that we convert the number of heat-umits
thus olitained into units of work, =0 many foor-pounds, aml thenee
ancertain the corresponding horsepower, in order to compare it
with something with which we are famillae. Considering only
the portion of the Gulf Stream that flows between Cape Florida
and the Great Babama baok, we find from the Intest and most
relinble data, collected by the 1. 8, Coast and Geodetio Survey,
that the area of vross seotion is 10,07 square miles (geographic or
sen miles, of 6,088 foet each) ; mean velovity, at this time of the
year, 1.906 miles per hour ; mean temperature, #1°F. These
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ligures for mean velovity and tempersture from sureface to bottom
are, it will be noticed, far below those for the surfaece ourrent
alone, where the velovity is often as great as five knote an hour,
and the temperature as high as 80°. The indicatetl horse-power of
a great ocean steamship—* La Bourgogne,” * Werra,” “Umbria ™
and “City of New York,” for example—is from 0,000 to 10,000 ;
that of some modern vessels of war is still greater ; the * Vulean,”
now  building for the British Govermment, is 20,000, and the
* Bardegna,” for the Italisn Governmoent, 2,800, Agnin, if we
convart mto its equivalent horsepower the potentinl cnergy of
the 370,000 oubie feor of water per second that rush down the
rupids of Nugurn and make their headlong plunge of 160 foet
over the American and Horseghoe falls, we get the enormous
sum of 5547000, The Gulfl Stream, however, 1s EVETY honr
carrying worth through the steaits of Florida fourteen and three-
teniths eubie mile= of water (more than three thousand times the
the volume of Ningnra), equivalent, considering the amount of
heat it containg from 717 to 327 B to theee teillion and. sixty
theee Billion horse-power, or more than five hundred thowsand
times &5 much as all of these combined @ Indeed, considering only
the nmount of heat from 717 o 50°, i s still two bundred and
soventy-five thousand times as grept

Bweeping northward toward Harteras with itg widening torrent,
its volume still further increased by now supplies drawn i from
the Bahamas and the northern coast of Coba, it2 color a ligmid
ultramarine like the dark Wlow of the Mediterranean, or of some
deep mountain lake, it then spresds northeastward toward the
Grand banks of Newfoundland, and with decreasing velocity and
lower temperature gradanlly merges into the general easterly
drift that sets toward the shores of Europe about the 40th parallel.

The ecold inshote carrent must also be considored, becanse it is
to grreat contrasts of omperature that the vielenoe of storms is
very largely due.  East of Nowfoundland the Labrador eorrent
flows southward, wnd dorieg the spring and summer months
earries gigantic icebergs and masses of field-ice into the tracks of
transatiantic steamships. Upon meeting the Gulf  Stream, a
portion of this cold current underruns it, and continue on its
eourse #t the bottom of the sea ; another partion s defleeted to
the southwest, and flows, counter to the Gulf Stream, along the
coast as fur south ns Hatvoras,

The broad features of these great oovan currents have thus
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been briefly outlined, and, althongh they are subjeot to eonsider-
able variation ss to temperature, voelocity, and limits, in response
to the varying forces that set upon them, this genernl view must
snffioe for the present purpose,

Now to consider for a moment some of the phonomena rosult-
ing from the presence and relative positions of thess ocean eur-
rente, 20 far as sneh phonomens bear apon the great stOrm now
ander eomsideration,  With the Pilot Chart of the North Atlantic
Ocean for March there was issued n Supplement desoriptive of
waler-spouts off the Atlantie coast of the TTnited Stites doring
danuary and February,  Additional interest and importanes have
been given to the focts, there grouped together and published, by
their evident bearing npon the conditions that gave rise to the
tremendous inerease of violence attendant upon the approach of
this trough of low harometer toward the coast,  In it wers given
desariptions, in greater or less detail, of w0 many as forty water
sponta reported by masters of vessels during those two months,
at various positions off the copst, from the northern eonst of Cuba
to the Gramd banks; and sinee that Supplement was published
many other similar reports have been recvived,  Moreover, it was
pointod out that the comlithons thar gave rise to sneh remarkahie
and dangrerons phenomenn are due to the intersetion hetwoen the
warm moist air everhmmging the Gulf stream and the oold dev dir
brought over it hy northwesterly winds from the cosst, and from
over the eold inshare ourrent, and the greater the ditfferences of
tonpetature and molstiure, the greater the resalting energy of
petion. Heports were also gquoted showing that the Gull Stream
was beginning to re-assert iteell after s period of comparative
yrieseenes during the winter months, and with inereasing strength
aniel volume was approaching its northery Hmits, as the sun moved
north in deelination.

Suoh, then, were the metearological conditions off the coast,
swniting the attack of the advanes gunrd of this longe line of cold
northwesterly gales —eondivions still further mtensfied by the
freshoning enle that sprung up from the southenst ot jis approach,
drawing re-enforcements of woamm, moist ocean air from far down
within the tropies.  The energy develups] when storm systoms
of omly ordinary chargeter and severity reach the Atlanric on
their eastward march toward northern Ewtope is well-known, and
newd not be referred to further: let us now return W the consid-
eration of this storm which is advancing toward the coast m the
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rate of about 600 miles n day, in the form of & great arched squall
whose front is more than a thonsand miles in length, and which
is followed, far down the line, by sorthwesterly gales and tem-
peratures below the frecding point,

Tur Nmur oF Tee 11TE-18mn

Sunday afternoon, at 4 o'clock, the line of the storm center, or
trongh, extended in o eurved line, convex to the east, from Lake
Ontario down through New York State aud Peunsylvania, along
about the middle of Chesupeake Hay to Norfolk, across North
Carolina 1o Point Lookout, and thence down through castern
Florida te Key West,  Northessterly, easterly, and sontheasterly
pales were therefore felt oll along the coast from the Gulf of St
Lawrence to the Florida Keys, excopt m the bight between Look-
out and Cafiaveral, where the buromoter had alroady reached and
passed its lowest point and the wind was northwest, with muel
cooler weather, Reference to the Barometer Dingrum shows
protry clearly that the teough passed Norfolk o short time before
it resched Hatterns, where the lowest reading wus andoubtedly
lower, the evening of the 1ith, thun it was a1 Norfolk.

By 10 P, M. the line has advanced as far cast as the 70k
moridian, Telegraphic reports are soom all in from signal atations-
along the const. The barometer 15 rising ot Hotteras aml Nor-
folk and =till falling ot Atlantie City, New York, and Block
Island, bot thers is little or no indieption of the fury of the storm
off shore along the 7ith meridian, from the 30th o the 40th
parallel, where the cold northwesterly gale is sweeping over the
ETEst WA Orean current, earrving air ol a temperature below the
froczing point over water above 748" Falhrenhelt, and where the
haromoeter is falling more and more rapidly, the gale Bbecoming a
storm, and the storm n hurricane. Nor are there any mdieations
that the area of high barometer aboat Newfoundlaml 1= slowing
down, blocking the advanee of the rapudly inereasing storm, and
about to hold the eenter of the line in cheok to the westward of
Nantuweket for days, which seem like weeks, while a terrific north-
west gule plays havoe along the const from Montank Point' to
Hatterns, and antil the right flank of the lne has swung around
to the eastward far enough to ent off the supply of warm moist
air pouring in from the southeast. Long before midnight the
weloome * good night ™ message bus fashed along the wires to all
the sigunl stations from the Atlantic to the Pacific slope, whilst



The férout Storoy of Muaveh 11-1§, 1858, 5L

at sen, abonrd soorve of vessels, from the little fishing-sohooner
auid pilot-boat to the great transatlantic liner, a [ife-or-death
struggrle with the elements b= being waged, with heroism none the
lss romd bevanse it ig in solf<lelence, and none the less admiralile
beeanie it cannot alwavs avert disaster,

The apeompanyving Traok Clart wives the tracks of as many
vessels ns can be shown without oonfusion, and illostrates very
tlearly whore duta for this discussion are most complete, ns well
ns where additional information is specially peeded.  Thus it ix
here plamly evident thar vessels are always most numerons to the
castward of New York (along the transstlantio ronte), und to the
sonthwarl, off the voast, To the southeastward, however, about
the Bermudas, thery = a large arva from which comparatively
few rteports have been reemived, altnongh additional data will
doubtless be obtained from ontward-bunnd sailing yessels, npon
their peturn,  OF all the davs in the week, Saturday, in particular,
is the day on which the greatest pumber of vessols safl from Now
York, The 10th of March, for instance, as many as oight trins-
atlantie loers ot under wav.  Out I mid-ocean there were
plowmg their way toward our coast, to cnoounter the storm west
of the Soth meridinn, one steamship bhound for Halifax, five for
Boston, nineteen for New York, one for Philwiclphin, one for
Baltimore, uod two for New Orloans,  Northward bonnd, off the
noast, were six mare, not to mention here the many sailing yeseels
engaged in the vonating or foreign trvde, whose =uils whiten the
witors of aur consts,

CUOF all the stenmehips that sailed from New York on the loth,
those bommd south, with hardly a single exveption, encountersd
the storm in all its fury, off the evast.  Esastward-bonnd vesscls
escapid ite greatest violeneo, although all met with stronz head
windsg and heayvy seas, and, had the storm oot delayved borwoeen
Bilock Island and Naeotucket on the 12th and 16th, would have
beem overtaken by it off the Grand banks. Without quoting
in detail the reports received, Jot os see what they mdicate
regarding the gonsral charscter of the storm during the night,
preparatory to our consideration of the weather chart for 7 A M
Mareh t9th. To do so, be it remembered, s o very different task
from that which ix involved in the study and comparison of ob-
servations taken with standsnd instruments at fixed stations
amshore. Here onr stations are constantly chavging their posi-
tions ; different observers read the instruments at different hours;

1
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the instruments thimselves vary greatly bn quality, and while
some of them moy huve been comparel with standards very
recently, thore are others whose errors arve only approximately
known,  Moreover, when a vessel 8 pitehing and polling in a
storm ul sen. M oommisent danger of foundering, it 18, of rourse,
ipossiblo to set the vermior of the barometer seale and read off
the height of the meroury with very great precision,  [towill
thus be readily undesstood thar the many hnndreds of observa-
tions earefully taken and recordid for the Hydrographic Offioe
by imasters o viesseld arg necessurily o more or Jess rllwun’hl.ﬂt
n[thm;gh the resolts obtained rest on the averages of so mmw
report= that the probalde error is alwass very smnll. Ay exhans-
five stidly of reports from vossels ot varions positions along the
coust, from the Streaits of Florida to ":"&Ell!{]'.' Hook, tooether with
the records of the coust stations of the UL 8, Signal Service, mdi-
cates o continuons vastward mwovement of t,lm trough of low har-
ometer during the night, ascompanied by a mpid deepening of
the depressione. All nlomg the const we have the same sequence
of phenomenn, in greater or less mtr-nu:ly, aveurding to the lati-
tude of the vessel, as wo noticed hers in Washimgton that Sun-
duy afternoon, when the warm southeasterly wind, with raan,
died ont, and after a short pause & eold northwester]ly aale swept
through the eity, piling up the snow in heavy deifts, with vaine
belated or blockuded, nnd telographic communieation eut off
plmost entirely with the outer world, Tt was g wild, stormy
night ashore, but it was ten-fold more 5o off the const, whers the
Hyhts at Hatteras, Corritnek, Assatengue, Barnegat, and Sandy
Hook mark the outline of one of the most dangerous coasts the
navigator has o guard ngainst,  Too bring the scene vividly
before the mind wonld regmire far more time than 1 have at my
dispopal, podd T can only regret that 1 esnnot quote o few reports
Lo give some idea of the violenee of the storm.

By meaus of & careful eomparison of many reports, it is evident
that although the general trough-like form of the storm remnined,
yet anather mu-undnr_\ stori oenter, snd one of vory great encrgy,
formwl off shore, vorth of HHatterns, as soon as the line had
passed the const. 1t was this center, fully vqual to o tropieal hur-
ricane in violenoe, aod rendered still more dangerous by freexing
weather aud blinding suow, which raged with sueh fury off Sandy
Hook and Block Island for two days,—days likely to be long mem-
orable along the eonst,  Tts long continuance was probably due to
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the retardation of the center of the line, inoits castward motion,
by the ares of high barometer about Newfoundland ; thus this
storm eenter delaved between Blook Island and Nantueker while
the northern and southern flanks of the lione swung sround to the
eastward, the advanee of the lower one gradually cotting off the
supply of warm moist air rashing ap from lower latitedes into
contaet with the cold northwesterly gale sweeping down from off
the comst botween Hatteras and Montank point, So far as the
ooean 15 coneerned, the 12th of Mareh saw the great storm at it
maximnm, and its wide extent and terrific violetow make it one of
thi most severe ever experienced off our coust,

Tl ;lfm.rlmuiug af the depression is well illustrated by the fac,
thiat the lowest peading of the harometer af 7 4 . was 2955, at
Augusta, Gia; oot 2 s 20068, st Wilmingrton, N, Copoat 17 1 u,
ot board the *Andes,” 2035 and st T a. s, the following morn.
itgr 1t was as low as 2090, —an avernge rate of decrense of pressure
at the center of very nearly (25 inoeighe honrs, and & maximoum,
from rehiabie oliservations, of 0,

Maii'st 1978, 13715, aso 4TH.

The Wenther Chart {or 7 4 ., March 12th, shows the line, or
trovgh, with tsabars elosely crowded together southward of Block
Island, bur still of a weneeal elliptical shape, the lower portion of
the line swinging eustward toward Bermuds, and earrying with
it vieleot squalls of rmin and hail far below the 85th parallel
The high lamd of Coaba gl Santo Domingo provented s offects
from reaching the Cariblbean Sen, althongh it was distinetly
noticed by a vessel south of Chipe Maysi, in the Windward ehan-
mel, whers thore wore theee hours of very heavy rain, and o shift
of wind to NW by N, The sothermof 52" F. reachos from Cen-
tral Georgia to the coast below Norfolk, sl thenee ont over the
Atlantic toa point about one hondred miles south of Blook Tsland,
amd thenee due north, inshiors of Cape Cod, explaining the fact
that so little suow, comparatively, fell o Bhode Island and south-
eastern Massachusetts ¢ from alout Caper Ann it rins castward to
Cape Sable, and farther enst it s earried southward seain by the
northessterly winds off the Gramd banks, These northensterly
winds ave port of the evelonie svstein shown to the eastward of
this and the preceding chart @ farther sonth they bedome north-
eriy and northwesterly, sod it will be notiesd thae they have now
enrmied the sotherm of 702 below the lmite of the ohart. Thus
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this chart shows vory clearly the positions of warm and cold
waves relative to suvh ovelonie syatems: finst there is this oool
wave in rear of the castern quyelmum- sy stem, then & WaArm wave in
front of the system advaneing from the eoast, 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 and the steepest gradionts ocourred. Althongh
sevoril vessele report lower readings, vit oooareful considertion
of ll the data at hand indieates that abouot the lowest relinhle
roadings nre those taken st 10 1o ot Wood's Holl, Mass, (25.02),
Nantucket (254i), Providence, R. 1. (25.68), nnd Block Island
(20,00}, The steepest barometic gradents, so far as indicated by
duta at hand, are also those that oeeurted at this time, anid are as
follows, taking Block Islawl as the initial point and distanises in
nuutieal miles: at New London, 26 miles, the brometer stood
9 11, viving a difference of pressure o 16 miles of 003 ineh
New Haven, 62 miles, 20,08, 087 ; New York, 110 wiles, 20 64,
J0E3 s Albnoy, 126 willes, 2050, 000, At T A s the following
day, very low renilings urve alio ripurted: New Bedford, Mass.,
o 01, Woek Island, 2=82, and Wood s TToll, 2508,

It ohart Tor 7 a. s, March 1ath, shows a marked deervase in
the intensity of the storm, although the ares over which stormy
winds are hlowing is still enormous, comprising, as it does, almost
the entire region chiarted,  Friom the Great Lakes und worthern
Vermont to the porthern const of Cuba the wind i« Llowine
gale from a dircetion almost invariably northwest, whilss westerly
wimds and low temperitures bave spread over o wide tract of
opean sonth of the $uth paeallel,  North of this parallel, the pree-
valling winds are easterly, the isobars oxtendiog in o gonetnl
wsterl v ontd westerly direction. At the storm eonter off Block
Inland the pressure is 28,80, hot the gradients are not so steep as
on thy preceding chart, and the severity of the storm, hoth ashare
and at =ea, has begun to dimioish,  About this center, too, the
wobipr= arv noticeably cirenlar in form, showing that, althongh it
first formed as an clliptical area, it gradually sssumed the charne
ter of a true fevalving storm, remnining almost stationary itwesn
Bliek Islamd pnd Nantueket ontil it had scteally < bBlown itsel
out,” while the great storm of whicl it was g consplegons but not
vaspnitinl part was continuing its castward progross, The enor
mous infiux of cold air brought dewn by the long continmued
northwosterly gale s graphically shown on this chart by the
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larire extent and deopening intensity of the bloe tint, where the
tomperatures are below the freezing point.  From the northwest-
¢rn to the sontheastern portion of the chary we find o differonce
i temperature of more than 80° . (from below =107 0 above
7073 the steapest barometrie gradient s found to the northwest
of Block Islund, where the presum varis LEO inches in 750
miles {gradient, 006 ook in 15 naution] miles), and 60 ineh in
108 miles (Bloek Bsland to Albans, N, Y5 grm]iﬂn;, 7R,

On the ehart for 7 a0 s, Mareh 14h, the dupression off Block
Island has almost filled up, and the stormy winds have disd out
and beeome ligght and varisble, with oovasionnl snow squalls, The
other storm conter has now regained i nscendeney, nnd is situnted
about two hamdeed miles soatheast from Sable Island., with a
pressare aboot 2005, The gren) wave of low barometor his over-
spread the entire western portion of the Noeth Atlantic, with wn-
sefthed squally weather from Labrador 1o the Windwan] Istands,
The area of high pressore in advance has moved enstward, to be
felt over the British Tsles from the 17th 1o the 318t of the month,
followed 1’{}’ a rapil fall of the barometer as this grent atmnos-
pherie disturbance moves along its cirest round. the northern
hemisphiere,  The isotherm of 32° §5 still somb of Hatteras,
redching well out off shore, and thenee morthward, tangent in
Cape Col, as fur ax cuiiten]l Mabne, snd thenee pastward to St,
Johns, Newloundland. Great vontrasts of temporature and
pressure are stifl indivated, but considerably Tess macked than on
the preeeding chare, and the normal comlitions are hwtng aradn-
ally restopmd,

COXCLUSIOS,

The grent storm that has thas been briefly deseribed, as well ns-
enn b done from the data now at hand and in the limited time at
aur disposal, hins furnished o most steiking and instructive exam-
ple of o somewhat unusunl elass of storms, wl this on saoh @
grind seale, aad fna part of the worlil where the data for its study
are 8o complote, that it most long remain o memornble instanee,
Inatead of a more or less oirenlar aren of low barometer at the
storm center; there s hore a great trongh of “low ™ hetween twvo
ridges of “high," thy whole system moving rapidly eastward, nd
ncluding ** within the are of its majestio sweop,” almost the entire:
wilth of the temperate zone.  The * trowgh phenomens,” as an
eminent meteorologist has ealled the vielent squalls, with shifts
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of wind and cliange of conditions ar about the time of lowest
barometer, are here illustrated most impressivelv.  Such changes
are, of course, to be pxpected and guardod against in every storm,
and sailors have long ago smmmed them up, to store away in
mwemory for prmetieal wse when vecasion demanids, o the well-

kniwn Hnes,—
** First mise after low
Indicates o stronger blow,”

Oni thing o which artention = particelarly ealled @8 the faee
thut storms of only ordinary severity are likely, upon reaching
the noast, to develop greatly mereased energy, As has been
alreaddy pointed out, there ean be no donbit but that this is espe-
ciplly 50 in & storm of this kind, where the jsoburs are elongated
in a north and south direction, The accompanying Barometer
Dingream, if stodied in sonneetion with thy Track Chart and the
Weather Chart for March 1Hith, llustontes very olearly  this
deepening of the depression st the storm center.  The formation
and porsistency off Bloek Islund of a secondary storm center of
,ﬁ“t!l'l.h*nﬂrw ad war developed in thie ecase, however, it would
seem wholly impossible to have foretold, and a predietion o that
effeet made nnder similar eirenmstances would probably prove
wrong in ot lenst nine opses out-of ten, Hat it may be safely
aaid that the establishment of telegraphic signal stations at oot-
Iying points off the coust is a matter of great importance, not
only 10 our extensive shipping interests, but to the people of all
ot great seaboard cities as well.  To the northward, tolegraphic
reports from such stations woulid farnish duts by which to wateh
the movement of arcas of high barometer, upon which that of
tho sucevsding “ low ™ so largely depends: and to the sonthward,
to give warning of the approach snd progress of the terrifie hur-
ricanes which, sammer after summer, bring devastation and
destrnction along our Gulf and Atlantic coasts, and of which
thix great storm i an wpproximate exsmple and a timely remin-
der.  In this connection, also, there i another important result
to e gained @ sclentific restarch and practical mventive genius,
advancing hamd in hand for the benetis of mankind, bave dis-
eavered not only the laws governing the formation of the dense
bankk of fog that have made the Grand Banks dresded by
navigators but also the mesns by which certain faote may be
ohserved, telographnd, charted, and studied o thousand miles
awny, and the veonrrence of fog predicted with almost unfailing
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acourney, even whilst the very elements themselves are only pre-
paring for it formation, By means of suoh proedictions, thee
aafory of navigntion slong the greatest highway of oeean trafhie
in the world would be vastly increased,—routes traversed vearly
at almost railway speed by vessels introsted with more than s
million haman lves, and property of an aggregate value of fully
a billion dallars. Whar = pvervbody's husiness G5 too often
nipliead s business, and if o <ingle nation is wuing o undertake
this work, on international couertess shonld be formed 1o do a0,
with full authority to act amd power to enforee fts decisions,

Probably nothiug will more foreibly atienct the attontion of
thi practien] navigator thin the new and striking illusteations
which have been furnished by reports from various masters of
vessels, cauglt in the terrifie winds and violmt oross seas of this
great storm, rolative to the use of oil to prevent heavy broken
seas from coming on boarl.  Althoagh this property of oil has
been known from time mmmemorial, it has only recentiy come
into general wee, and it is good cause for congratulation, con-
sidering the great benvlits to e s casily and so eheaply cained,
that the U, 8 Hydrozraphic Oflee 8 acknowlidged to have
taken the lead in the revival of knowledge regarding it, und in
it practical wse nt sen, It is difficult to seleet one from amonge
the many réports ot hand, but the following brief extraet from
thee report made by FJiJuH-:H-lwr Robinson, in hehalf of the pilots
of New York pilor-hoat No, 4 (the * Charles 1L Marshall ™), ean-
not fuil o be read with inrervst,  The gallant and snecessful
struggle made by the erew of this Tittle vessol for two long days
and prehts against sach terrific odds is one of the most thrilling
ineidents of the storm, and well ilustrates the dangers to which
these harly men are constantly exposed,

The * Charles H, Marshall " was off Barnegat the forencon of
the 11th, snd, an the wenthor looked threatening, two more reefs
were it in the snils and she was headed to the northwarnd, in-
tending to run into port for shelter. During the afternoon the
hreeze inerensed to 4 strong gale, and sail was reduced still
further. When about 18 miles S.E. from the lightship, a dense
fog shut in, and it was decided o remnin outside aod ride out
the storm.  The wind haulsl to the eastward townrd midoight,
and at 4 a; AL it looked so threatening in the N.W., that a fourth
reel was taken in the mainsail and the foresml was tr#l-:dgv-rwfieﬂ..
In half an hour the wind digd out completely, dnd the vessel lay
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in the trough of o heavy S E, sea, that was threatening evory
mrment to fﬂgﬂ!f her, She was thon nbout 12 mfles ESE. from
Sandy Hook lightship, and in twenty minutes the pale strack
her with soch foree from NV, that she was thrown on her
bwam ends: she instantly rvightod again, bowever, but in two
hoonrs was so govored with ee that she looked like o small bee
berge: By 2 a, m. the wind had increased to a hurricane, the
little yessel pitehing anil tossing in a tarrific oross-sen, and only
by the anited efforts of the entirs erew was [t possible to
puﬁ.iully Jowwr wod Lash down the foresail il fﬂl"l“*ﬂlﬁ.}‘mﬂ“. N
ape but those on board can realiege the danger she was in from
the linge bhreaking seas that rolled down upon her; the snow aud
rabey v with suel foree that it was impiskible to leok to wind-
wanl, and the vessol was lving bromdside toowind and sen. A
drag was rigeed with n heavy Tog, anchior. and hawser, to keep
her head to ses amd broak Tlﬂl: foren of the waves, but it lad
little offeat, and 1t was ovident than something must be done to
save the vessel.  Three o1l bugs wore made of duck, half filled
with oakum saturatod with oil, amd hng over the side forward,
qmjn‘]ﬁhi[ﬂ, andd om the w;'_vu!lhr:r TU Ry TE It i wilmitted that this
is= all that saved the Bomt and the lves of all on board, for the
ol prevsnted e seas feom: breaking, aml they swept past as
hewvy rolling swells,  Another dreag was ergt-rl ad Tumnehed,
although not without great exertion and danger, and this helped
w litele,  Henvy dron bolts had to be pat i the oil bags o keep
thesn it the water, and there the little vessel oy, fighting for
life noninst the storm, refilling the wmif bags every half hour, amd
fearing oviry instant that some passing vessel would run her
down, me {1 was inpossible to-see o bundmed foot o any direetion.
The bont looked like n wreek; she was covered with 1ee and it
seemed fmpossible for her to remain affont until daylight, The
oil bags were replentshed every haif bour durtng the night, all
hands taking turn aboutl to go on deck anid fill them, ernwling
along the deck om hands and knees anid secured with o rope in
vase of being washed overboard,  Just before midnight o heavy
st struek the bost apd sent her over on her siilee: u.wryr;hlng
movable was thrown to lesward, and the water rushed down the
forward hoatch,  Bot again she righted, and the fight went on.
The morning of the poth, it was still blowing with hurricane
foree, the wind shrieking past in rerrifio squalls Tt oleared up
a little towards evening, apnd she wore around 1o head to the
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northward aml eastward, bt not withont having her déok swopt
by & heavy sen. It moderated and cleared op the next day, and
after five hours of hand work the vessel was cleared of Jee, and
satl sot for home. She had been driven, 100 wmiles before the
sturm, fighiting every ineh of the way, ber erew without s chanee
to sleep, frost-bitten, elothes drenched and ne dry ones to puat on,
food and fael mving ont, but they broaght ber into port without
the los< of o spar or 2 sail, sl she took bt station on the bar
a5 nsoal

Do the pages of history contain the record of o more gallant
fight I Nothing conld show more graphically than this brief
report, the violnoe and long durtion of the storm,. No wonder
thar this terrific northwest pale deove the geean itself befure i,
so that the very tides did not resume their normal heights for
nearly a week at certain ports along the voast, and the Gulf
Stream itself was far south of fte peual limite,  The damage and
destenetion wronght ashore e too fresk in mind to e refernd
ter hiere, anied lossos alime the const can only be mentioned briefly,
Below Hatterns tlhere was little damoge done to shipping, In
Chesapeake Bay, 2 barks, 77 schoonors, and 17 sloaps were blown
ashore, sunk, or damnged: in Delsware Bay, 87 vessels: along
the New Jomoy voast and in the Horse-shoe at Sandy Hook, 13;
in New York barbor and along thy Lowg Island ooast, 205 and
along the New England coast, 0. The nnmes of six yossels that
were nbundoned ar sea have been reported, and there are ot least
nine others m:ﬁaﬂn,t_r, among them the lamented New York pilm
boats # Phuntom * and “ Enchantres,” and the yaeht  Cythern.”
Several of  these ahandoned vessels  have taken their plaeis
amongst, the dereliots whose positions and erratie tracks are
platted each momth on the Piloy Clart, that othor vessels mny be
warned of the danger of collision; the seh. < W, L. White,™ for
itatanees, started off to the eustward in the Gulf Stream, and
will Bson bevome a souree of anxiety to the captaiue of steam-
ships along the teansatlontio route, snd furnish o briel sensation
to the passengers whin she is sighted. There 15 thus an in-
tensely human side to the lustory of a great ocean storm, and to
one W‘hu reads these brief records of facts and at the same time
gives some little pluy to his imagination, there i 4 very pathetic
glile to the pioture.  In the words of Longlellow,—

]
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T st Ll patient mother read,
With aching heart, of wroelks that fopt
Disalded on those sons rettote,
e of orne great hortoko deed
Chi battle fiehds, whirs thousands bleed
T Bift one lero (nto fanie
Anxious she bends her groveful hegd
Above these chrooicles of poin,
Al trombles with n seeret dread
Lisst there, among the drownisd or =lain,
She find the one bisloves] nmms."
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THE SURVEY OF THE COAST.
By Hemprrr . OGDENX.

At the inception of the Coust and Geadetic Survey in the early
vears of the century, so little was known of the dangers attend-
ing navigation along our extensive sepbunrd, that those who
engnged in commoereial enterprises were constrained to rely upon
local knowledge and the reports of the hurdy navigators who
might carry their ventores to sueoek=,  The charts available were
by no weans a sure relmnee, and ot bas sinee been shown, con-
tuined muny serions errors,  The great headlands and ontlyving
shoals that present the greatest obstacles to the safety of coast-
wire navigation, had nit beon earefully surveywd, and their rela-
tive positions to one auother were only approximately determined.

The eapacities of the harbors hnd not been sseertained, many
were unkuown ;o and even at the great port of New York, the
todney or Main channel, was not developed until after the per-
munent establishment of the Survey o 18392, and the thorough
exploration of the ontrunee was undertaken. A list of the sunlken
dangers and now channels that have beon diseoversd doring the
progress of the work wonld fill pages. It 1w true soch develop-
wents were to be expected in making a precise sorvev of the
comparntively uncharted eoast ; but they, novertheless, olear]y
paint to the necessity of the work, We may also assnme that
the wen who wire controlling the destinies of the republie, real-
tzed that 4 knowledge of the const was essentlal if they would
suceeed in building up s commeree, withour which it wae helieved
the prosperity of the people eould not be assared, The deep
draught vessels of the present day could not have traded along
our shores on any muargin of safety with the little that was
known, and it is lorgely duo to the perfect charting of the coast,
that commorcial enterprise has fonnd it practieabli to boild the
larger vossels of modern type to meer the inercasing demands of
traile,

The survey proposed was also reguired in providing for the
public defunce ; as it is o self-evident proposition, thar if we
wonld protect s hurbor From & hostile fleet, we must know not

i
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anly the channels by which the fleet might enter, bt their rela-
tions to ehch other and the points of vastage that shoold be
itilized in obstroctimg them oz and i modern warfare 10 know
these things only approximately will not sutfico, for preosion is
Imnrfjm:d W in tho art of WIr, us Wl‘*“ as in the arts of freace,

The lack of charts of vur extensive Coast Tine, or indecd,
any pmmiml triformation that eoulid be utilizged in a svstematie
defenee aainkt forvign aggression, wis only one of e many
wrplu:ﬂnm thiy surroomded our forefithers in biilding e
nation, By their valor they had wreested o jewsl foom the British
Crown, and boad waogurated a system of governmont by the
pocple, which on their saered honors they had sworn to defend.
But not a generation had pased pway when thiy sow new dan-
pers, and were foreed o contemplnte agonin raking uwp arms in
difenee of thoir rights,  The land was thers, even far towanls
the setting sun, pioneers had pxplored it, and they knew wheneo
might come n hostile for,  Bot of the waters from far away to
the eastwand, that flowel on ol they washiad every shore and
Filed the great Bays, even to the heart of the Hepublio, the
knew Hitthe, spve that gver that almost immeasarable  expatise
wilght come the floer of destrovers to penctrate they knew not
where, aml lufliot incbleulable damsge months ere the dreary
tales micht be tolll. It must be remembered there were no tele.
g?‘rnphﬂ:,, no railrmads, no m_mmlnmu., i those tf'lﬂ.j_i:. and tyme tiiken
by the forelock was time goinod.  The speod of wan conld not
e overtaken as we see it tosday in the wondrons inventioas of
the last generntions,.  Huael community was dependent upon it-.
self, alone, in time of danger, to ward off the blow or vield 1o a
more powerfnl Toe: nssistance could hardly be obitpined in months
and perhaps oot then, Tt was oot ]Hnrﬂhlr for any man to study
ar 1 In}m'u Ll ;‘lgtt‘li"ntn nf danger, il prepare B svstam of dmﬁfﬂllvv.

Prosident Jofferson in his far-secing statesmanship, threatened
with war, realized the davger. A survey of the const he believed
essgntinl t6 the national defence, and to the prosperity of the
untion in thne of peace.  Had his wise counsels prevailed and the
srvey been prosecntisd with vigor, instewd of being almost mme-
diately surpended for a quarter of a eentury, there can bhe no
qumtmn but that it wonld have saved the people millions of dol-
lars in expenditures and put other ontold millions inte their eof-
fers, through the impetus it woild have given to commerge years
hefore vommerce actualiy had a name o ooy that are now
llll'il’illg Hmp:::rf LOwW s,
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Bt it is ot 1o be sypposed the eommersinl importanee of a
kuowludge of the const and harbors was underrated hoesuse the
Survey was not prosceuted,  The people were poor, the task
would be expensive and laborious.  The applinoces for the work
wore not in the possession of the Government, and above all, war
ey came sooner than was anticipated and the energies of the
prople were taxed o the ntmest inoeombar with ther powerful
foe ; and wlen poreo came agun, there was the imevitable pom-
mercinl depression that follows a resort to armas, The won of the
day fully realized bow illy they were propared to nvite eom-
merias to onr shores, or dneite our own peoply to more extensive
trade, There wis nothing to adequately represent those mag-
nificent barbiors that have sinee bevome famous the world over ;
nor of that long line of eoast with its trencherous shoals, whereby
those seeking new ventures might judge of the dangers to be
epeountensd,  The absolute ignornnee that oxisted was aptly
desoribed in the Albany Argus in 1532, when the propriety of
reviving the pet of 1807 was ander diseussion, as follows

“ It had been discoversd by an Amervican statesman that parent
cotintries always keep the commuervial knowledze of their colo-
nies as a leadivg-=tring i their own hands, and that as praction
nayigators, Americin seanmn knew less of their cwn shores than
the comntrs and its allies from whose subijeetion wa had recently
delivered ouriclves by foree of arms  In large vessels, three
nutions, the Dutel, the French, and the English, approsched our
harbors with less risk than these bearing our own flag ; at the
same time that in small and more managonble vescols, we hd
lang beon known as o mateh for the strongest. The presidout,
Jeffersin, snw the defeet amd the manoer in which it must be
remedied. We were ar that time on the hrank of war, about
whose justioe some of our politicians differed in opinion amd it
wits, of course, more necessary to pray for a fortunste result than
to preeach the canses wihich had oceasioned the quarmrel,  To have
procured for the nation (even had it been practicable so to do)
the ol charts from the Duteb, Freneh, and Eaglish govern-
wenits, would have only bedn to put our knowlsdge on a par with
theirs, while o exeoute more reeont and aecurate SUIVOYE, Wi
advanving the new country above the ol With the cléar and
bold perception, which always distinguishes mon of genius when
they are entrusted in times of danger with the destinies of a
nation, the president resommended a survey of the whole const
with all the aid of the wore recent discoveries of seience. ™
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The proposed EUryey Whs: strongly advoeated by President Jef-
ferson, amd the Secretary of the Treasury, Mr. Gallatin, and in
February, 1807, Congress passed the first aet providing for the
work, Thirteen separate plans, or schemes, were submitted for
consideration ; among the number was one by Professor F. R.
Huszler, which was finally adopted, snd Professor Hassler wias
appointed the first superintendent. It is not necessary to dwell,
in detall, upon the varving fortnnes of the survey during the
three-quarters of a century that hove passed sinee the original
act authorizing it.  The first thirty vears of experiment, before
it was finully established as s burean of the Treasury Deopartment,
show only 100 olearly the ignorance and prejudice against which
the supporters—we may say founders—af the survey had to con-
tend.  But they had only the exporience of all men who attempt
the tuaummt’um of now things of which it cannot be shown that
they will return a cash profit at the emd of six months, To the
opponents of the measure eash could not be seen gt all, and the
profit, whatever it should be, wns only oo intangible kind of ben-
efit to be realized in the future by addittonal seeurity to their
property and commerce ; bat, in reality, ss has sinee been appre-
cinted, the dircot saving of mony millions of dollars annually.

The war of 1812 juterrupted Professor Hassler's lnbors and it
was oot antil 1817 that he setually commenced work ; hat he
was stopped thy next year by o hmitation of the law requiring
the work to be pt_rfuruwﬂ by the Military Departments. Lo 1534
Congress passed o eperfm! act reviving the lnw of 1507 and Pro-
fessor Hassler was again appointed Soperintendent. A further
interruption oeenrred dn 1834 by the trunsfer of the buréau to
thie \nvv Department, hut this was of short duration, ns it was
ve-transferred to the T regsury Départmont in 1536, where it has
sinee remained,  Professor Hassler continued as Superintendent
until his death in November, 1843, He was suceeeded by Professor
A. D. Bache, who was fertunste in assnmitg the charge onder
much more favorable anspiees than had prevailed under his
predecessor, '

By the pppropriation bill passed in March, 1843, the President
was directed to appoint 4 Commission to reorganize the Burean
and preseribe methods for its future condoet, The plan reeom-
mendid by the Commission was substantially that which had
been followed by Professor Hassler, It was approved by the
President o few months hefore Professor Bache assumed the
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superintendency and has sinee boen the law for the exsoution of
the work, Teo have a lnw specifying in detail the methods thae
shomlid be emploved in proseeyring the survevs, that lad loen
drawn by o special commission of expierts amd approved by the
wikmiinistration, relieved the Saperintendent of muoch of the re.
s-]mllﬁihi]ily that hwl been borne by Professor Hassler, althoogh
it did pot put an emd to the carpings of the eritics, or theie wl-
vourow of the less expensive * nautical suryvoys"™

The reorganizatiom provided for e employment of clvilians
apad ofticers of the Army and Navy to serve directly ander in-
stroctions from the superintemlent 3 thos seourne for the service
thie u‘iqmﬂlluitfr to procare the best talent from either vivil or
military life. The civil element, it was assimed, would form a
by m" --tln:rt:. for the |:rrww*1.l:twn of those binnches of tie
wirk not properly falling in the direet line of the makitary, and
experienos has demonstrated that while the results anticipated
hoave been fally realized, the orgnniation hias oot obly proved
effective but conducive to the advancement of the survov i
wany wuys,  The Civil War was o serjons interruption, but alone,
provvad the wisllom of the civil organieition of the Burean, O
the outbreak of hostiities 1he military elomunt was neovssarily
withdrawn for duty with the Army nnd Nove : and it was not
until tem vears after the colose of the war that officers of the
Navy were again avatlable, while officors of the Army, throngh
the exigencies of the Military servies, love not returned st all,

The vreanization was [ir{m-wmi through these fiftecn years by
the permnnent vivil vooleus, sl the work saffenal oo -Iq::rannum-
tion, but steadily advanced, notwithstanding that the lareer num-
béer of the civilinns Were constanutly omploved during the four
venrs of the war with the Armies and Nay Vo b differvnt capaci-
t1ies on the staffs of commanding officers ¢ amd that the urgent
neeessities of the govermment dovolved  additooal Tabor, and
temporarily, s new olngs of work uwpon the offive foree a0 conipil-
ng, deanghting and publishing maps of the interior for the use
of the Armies in the fiehd.  And when finally, onr Armies were
dishanded and our fleets reduesd to a peace basis, and offieers of
the Nuvy resumed the excention of the Hydrogrmaphio work, it
was hut 1o step into the duties of their predecessors ; they hud,
too, the additional wlvantage of the fifteen years' experionce of
the purely civil sdministration of the Survey, during which time
the trained surveyors of the land bad 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 wiven in the ecatalogues, that it led to an almost
mmediate eall for bettsr places, and arrangements were mado
with the observatories of the eountry 1o obrain the necessary ob-
servations, the Survey to pay for the labor invelved.  Stimulated
by the knowledge that better work was required to meet the new
demand, observatories deficient in mstruments  procoured  sew
anes, anid soon (urnished more aecurate star places. Continued
observation has added siill further v ement antil to~day we
have catplogues that furnish the bighest degree of precigion,
Profeseor Chanvenst defines * Taloott's method ™ a= * one of the
most valuable improvements in practionl astronomy of recent
vears, surpassing all previous known methods (not exoopting that
of Bessel by prime vertieal transits) both in sumpdicity and
accurnoy,”  But the advantages of the method have been found
to b of s practiend nature also ; as 3t s productive of largs
economy in time and labor and heas reduced the cost of the Sar-
vy many thousanids of dollars,

Th intvoduction of the Blectrie Tolegraph was utilized by the
Survey immediately on the proctical accomplishment of the first
line built, &= & ready and improved means for determining longi-
tude. Indeed, bolore Prolessor Moese had demonstrated o the
worll the truthfulness of his theories snd oxperiments, the bare
possibility of their snocess; amd availability in e instant trens-
mission of time, had been disenssed on the Cosst Survey, and the
mothod to be first emploved fally considersl, Bt as in the
apphestion of all things under new conditions, experivoes is the
tencher, and improvements were frequently made, dantil finally
the bovention and ]H.'rfe‘lvt.ilun aof  the * tihr-ri-nm?f‘rn[ﬂl " hns brouglht
the method to a degree of precision that little more ean be
locked for.  This wethod of detormining longitude, introduced,
fostered and perfocted on the Cosst Survey, hag been more far
reaching than geographion] boundares,  All eivilized nativns have
udoppted it as the * American Method,™ and by the greater ae-
curacy and reliability of the results the whole world hos profited,
The saving that has aceroed by the more perfect determination
of lomgitndes and the consequent inereased safety to commerce,
may be conmted by millions every year; until one stands aghast
in contemplation of the immensity of the sum, and fears to
reckon it, even approximately, much less to prophesy what it
may roach in the future, The system is but a natural sequence
of the development of the telegraph, but emphasizes in o marked
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degreo the spirit of progress: that has over been the notive prin-
ciple and guide in the comduet of the work, awd advanesd s
mathods to a state of perfection that bas callod forth the admirn-
tiom of the scientific worlil.

The determination of the wagnetic elements has been o gl
jeot of investigation from the early davs of the survev; the
knowledee songht was essentil to t.hl.l* nnd;:nlur. ad in huw,nt
}"ﬂifh l_'*ﬁfll‘fiﬂ“}'., has proved to be of the rreatest practieal valoe
on shore.  Limited Ty small appropristions the resvarcl was at
first slow. Huot a trost fund left by Professor Diache, who
always evineed the warmest interest o this partionlar nvesties-
tiom, added Jargely to the papidity with which obgervations conld
be obtained, wntil pow we have magnetic maps of the Tnited
States of sneh reasonphle precision that they are amlmrilnmu
andd are in almest daily demand,  The results are more far rneach-
e than their mere tabolation for the vireent year, s liws have
been determined by which the declination du a locality can be
ageertningd for any vear in the past, | |

There are it few places wliere the noedle remaius stitionaiy,
or points in the same dircetion, for any great length of time it
evert dhanges dady and doring the hours of a8 day @ but the
n,ggnlg’;ﬂu for a yenar ‘I.l'lﬂ mri:"_}’ ifﬁi?l?l'fl l'lI.ﬁ!‘-L" ir ﬁ]lll‘ l‘tlj.ﬂjill'[t;‘_':! uf
arie,  1F wo pefleer then, upon the oreat wse mode of the compuss
in the settlement of the continent, and the proverbial pegleet of
the commtry sturveyor of thase days to tecord the leeal varintion,
or declination, with his work, we may soe s litthe of the utility
and practival purposes toowhich the results are ponstantly heing
applicd.  Property so litle thought of o hundred years ngo that
s Tew aores more o Jess, lost ar aogquired, in it transfor defined
by compass survess, may suddenly assumo o value In these (days
of progress that every square foot s worth dollars. Wihen n
disptite wrises, doeds are oxomined, lost or obliterated marks are
diligently soizht for, perhaps one i fouml, sarveyors ame em-
played ta ran oot the lines but only make the confusion worse,
Istesd of a few rods that were i deabt according to the best
information, the sarvevor’s line makes 1 adres, and litigation
Jooms up to eat the profits of the sudden rise, and  there HEE TN
even then te satisfactory solution of the vexing pmh]enm How
valuable then must be the fact, that it is possible to sompute the

varistisn for vears back, to the time the original sorver was
misde, and furnish the deflection that will re-run the lines so
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clearly a# to rénder the desoriptions in the desd intelligible,
This is but.a single inatanes of the practienl appliention of the
knowledge guined : and if its géneral wsefulness may be judgod
by the nomerous inguiries made of the Bureay, it 18 not anressorn-
able to assume that time will bear inereasing vestimony of its great
eceonomic value from those who traverss the land; as well ps those
who sall on the waters,

The studs of the rpenrrence of the tides along our extensive
Coast lines, and determination of lnws that would satisfy the
great varianee in the different perbeds, was o problem of no litghe
mungnitinde bt the groatost possibile mportanee o one commeree.
Much of the teaffic along the consts literally movies with e
tidies, amd the vost of transportation s enhaneed or dindnishid
px the tide retards or advapees it Hondreds of dollas of ex-
pense may be inearred onoa snglo cargo thiat muast enter on the
high water, but throongh mmperfeet knowledge of the master of
the ship, i= forced after sighting his port, to wait for the pexy tide,
porhaps over night, and = driven 1o sen by a sudden storm and
the vovoge wade seversl days longer.  Such mishaps are not
infrequont, amd even gt the great port of New York eertain
clmses of vesaols muost “wuit for the tide.”  The investigation of
thig complex subjeot has resulted inthe dequirement of o knowl-
edge that enables the prediction of the time of high and low
water, and the boight of the tidal wave, yearsin mlvanee ; and the
marier may now earry with him the taliles published on the sub.
jeet wherever he govs; und be independant of the doubtful eom-
mutieations he may otherwise receive from the shore,  How many
lives, how many dollars; have been saved by the knowledyge
gmined 7

Bt the investigation of the Tidal phenomenn s of groat sei-
entifie mportinee also ; and & practien] assistanes in the great
problems invalved i the presorvation and improvemwent of onr
harbors, but in this eonnection it probably falls more properly
under the head of that greater study of the eurvents and tholre
effoets in the erosion, and building of the shores ; the movement
af the samds and formation of shosls gl channels; wermed = Phiysi-
cal Hydrography.”™  Our ecommeres depends [argely on this study
for its perpetuntion, for withoat harbors commeree must cease ;
and without harbors that will admit vessels of the largest eluss it
must deterforate,  If commeres finds inereassd profits in large
vesseld it demands inoreased facilities, and the bars 1o the har-

-
L
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bors with bat six or eight feet of water on them a few vears ago,
must have ten, perhaps fifteen feet now, or the people must
suffer their trade to pass to some more fortunate or energetic
neighbor.  This may be a hardship ; but the demands of trade
are inexorable, the profite must be reasonably sesared, and those
who wonld have the trude must comply with the requirements,
Thur wit see the striving for harbor improvements ; the weakest
making the greatest outery that they shall not be left In the race.
Al the impm'r-umrnl-.! migst come in the end, or ot least bo at-
tempted, for it is ns muoh a law of commerve not to be hampered
by small freights, as it i the law of nature that water fows
down hill.

The outery for “improvements " pever grows weaker: it is the
expression of n sineere convietion that the life of the community
and the welfare of the * back country ™ depend upon ite suecess
for prosperity; it wil not adwit a rebuff and Enows no such
word as failure.  Allegwl anthorities are consnlted, n scheme of
improvement i proposed aml Congress s asked o vote the
money, and Hnally the improvements sre attomptod. To be sae-
eeastul, the plan must conform to known general laws and the
peonlinrities of loeal conditions, muny of which are only wseer-
tiinable by comparison of surveve at different periods.  Theories
advanced on data collented by ome sorvey, may be strengthened
ar disproved hy the facts ascermained in o subsequent survey;
and 1t ® only when the plan proposed mects the general laws
and the locsl conditions at the same tins, that it holds out
promise of snecess  The study of the guestions involved lias
been greatly aided by the work of the Coast Survey in improve-
ments alesady atternpted, and will be of greator ussistanee in the
futnre. A positive knowledge of what the local conditions were
when u harbor was gt it grentest capacity, i€ of the greatest help
in indieating the improvements secossary Lo restore i, nfter de-
tertorntion, or to maintiin it o the foll measure of its neefulness,
Roliable charte do this, but they tell only half the story. A
canse must bo foond for the offeots that have been produced,
and the romedy suggested must overcome that causs or control
it, that it may work good instead of evil  In Physical Hydmo-
graphy wo learn the forees that nature has given us in the tides,
the currents and the winds, aod divert them from powers of
destrurtion, as man in his ignormnoe muy hoave led them, or in
their warfare with one another they may have led themselves;
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and bring their mighty influence to proteet, improve or muintain
that which we originally had. Muny barbors have suffered in-
caloulable injury through the recklessness of these who live upon
them, and whose daily bread is dependent upon their preserva-
tion; antil the evil has become so great that eommereinl oities
have now * Harbor Conunissions,” whose specinl funetion is the
preservation and improvement of the harbors,  The original sar-
veys mudo by Const Survey are the foundations on wloeh they
very generally must build, while resurvevs point ont to them
the obstacles that must be overvome,  And thus it will ever be;
and future generstions emlenavoring to meet the demands of oom-
meree for inerensed facilities, will bave sl grester canse for
thankfulness, that the wise wen whe insugurated the work of
the Coast Survey, dotermuned that it shoold be exeouted with
uvery improvement that seience could devise; and that the able
men who condocted 1t did not yield o the elamor for guick
returns and cheap resalts; of only momentary value, They will
realize by the bimetite they will derive from it as do those now
living who have warched its progress and dovelopmont, that the
Beat is the cheapost as it will be nseful throwgh all time,

I 1871 Congress anthorized the execution of a Geodetic tri
anpulation aeross  the continent to vonnect the great primoary
trinngulations along the Atlantie and Paclfic voasts, snd jrrer-
vided that the trinngalation should detormine positions i thiose
Stutes that made requisite provision for topographical and geo.
logtoal survess of their own tomitories.  Each voear sitce then, a
smnall sum has been expended on these works with gratifying
risults o the States that bave availed themselves of the gssist-
ance.  DBut it was not until 18758 that Congress designated the
Burean as the * Coast and  Goeodetio Survey,”™ the official it i
bewrs at this time,  Many comments have been passed upon the
action of [Tnngﬂmg m .«-xr,.,--r.gﬁng the feld of  the SUTVEY to the
mterior in the estulifishment of & * Geodetie Survey,” which lhas
been lovked upon as n purely seientific researel for which the
preaple had oo dmmediate ase, and conld well afford to wait.  But
if the tree enn b Jwlieod by its fruie, there will be no lack of
testimoeny to the voonomic value of the Geodetic Burvey in the
tear future; asude from 123 seientific and practionl osefulness in
perfecting the Sarvey of the Coassts,  Inowill evontually be the
basie for a precise survey of the whole conntry, ditermining
houndaries, sertling disputes, and furnishing  ineontrovertiblo
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duta by which later generations can reproduee the marks placed
by the loeal surveyors who make use of it, should they become
obfiterated or lost; thereby cansing a direot incrense in the se.
alrity of pru[mt‘t.}* bounduaries, and dimination in litdgation that
naw costs millions of dollars aunually.  Some of the practieal
addvdntages to be derived from such o work, are now being de-
monstrated in Mnssaohusetts in the * Town boundary Survey,”
ax it s ealled, in which the corners, or mrning points of the
boundaries are being determined  trigopometeically in a suhsi-
dinry work based npon the Gendetio tnangulation of the Coast
Survev. Fach boundary eorner in this scheme becomes 8 fixed
point, and the dirpetion and distanes of many other corners are
st ot [[{"'l"ul"ntﬂ]}" ascortansyl llml_r trie relations to .  The
town lonindaries will in due time be made the bases of referenee
for nll local surveys and subdivisions of property; so that, oven-
tunlly, there will be developed o endastral map of unrivaled ex-
pollence, to supplement the Topograpbion] map that bas juse beon
completod,

The imperfoctions of our “land surveys,” brillipnt as the
sehiome was coneeived to be ut the thne of its mangoration, de-
monstrate only too olearly the extravagance of primitive methods
in matters intended 1o be enduring,  As time passes and  pros
perty taken up under the * land survey™ hecomes more valuable,
the diffienity of gecurately idontifying boundaries becomes more
werious, untif finally, it is only alter long litigation that rights
are determiined.  The inherent defect i the lamd survoy to de-
complish the purpose for which it was designed, lies iu the faot,
that while it parcels aut the land, or o seetion of land, in n given
nmmber of Tots; it fnils 1o provide the means for dentidying the
boundaries of the lots at any future time; the marks placed for
this purpose hecome obliterated or perhaps are moved by design-
ing men, until a large area may be involved in grent upcertainty.
A triungulation covering the same ground aed contrulled by
Geodetle work, determining the true positions of the old marks
thut may e left, would be the most economical and  precise
method of relioving these uncertainties and fixing for all time
the lieation and boundaries of the lots originally pareolled our
by observations and marks that cannot be lost or obliterated.

The system of weights and measures in use throughout the
country is largely due 1o the patient labor of the Cosst Sarvey,
Reqguired by law to have standards of longth, the only burean in
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the public sorviee that roguinsl suel o measare of precision, it wis
in the natural order of events that the Superintendent of the Sur-
woy shouhl also be charged with the maimtonuonoe of standards of
Weight and Oapreity.  The dupheation of stomidards for the ase
of the people was begun wmder Mr, Hasslor, o long pgo that the
systemn has really grown with the popalation.  Wise legislation
has fostercd the sentiment of woiformity until we are indeed
hlvssnd, that wherever woe may be in all our browd domuin, a
ponnd s a pound, o yard is aoyaed, and o bushel is a boshel,
Mannfacturers receive their standards from the Bureau, and in
specinl enses have their products tested and certified.  And ldi-
viduals engraged upon work of great refinement, seck the stamp of
the Buoteau, slso, upon the mensures on which they must rely,
But o careful is the Burenu to preserve the imtegrity of its eortifi-
entir, that the stamp is refosed except on welghts or megsuros: of
approved metal and workmanship,  Business mon realize in every
day life the beoaefits that have beon derived from the simple legis-
lation that inangurated a supervision over the weights and meas-
ures of the eoantry early in Her history, though they may hayve
no eomception of the endliss annovanees they wotld lave beun
stiihjected to had the preservation and duplication of standards
not been provided for,

The lmbted time assigned to me will not permit a detaifed
statement of the researches moade by the Burean in all the dif-
ferent branches of scienee related to the practioal conduct of the
work, much less u reference, even, o the many mprovements
mstitnted in the practice of sarveyving. As in the case of the
observatorics ealled upon o replace their defyetive instroments:
with those more refined, to enable them o furnish star places of
sufticient preciston to meet the improved method of determining
Iatitode, so has the demund ever hepen upon the experts employed
npon the work in all jts branelws  The Triangulation, Topog-
raphy, Hydrography, Astranomy and Magnetios have all passed
through several stages of development and  improvement  in
methods and instroments, 1o meot the requirements put forth by
those charged with the conduct of the work, that the full mess-
ure of hurmony desired should be secured and that they might
supply the demands made npon them for information.  Tmperfoot
resilts indiate defects to be remodiod, and it is to the eredit of
those who performed the Inbor, that they overeame one diftionlty
after another as they were developed, until pow the methods and
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instruments in the hands of experts, will produce far supoerior re-
sults at & much less'cost than was possible at the time the Survey
was inaugurated, |

The charting of the great ocean currents, has long been an
mteresting investigation to hydrographers the world over. A
sketeh of the efforts, projects, and devices that have been resorted
to hy the Copst Survey in the attempt to unravel the mysteries of
the Gulf Stream, would exemplify the continuous demand for
improvement and new exertions under which those employed
npon the work have always labored, although the full measure of
knowledge songht has not yet been obtained.  But it is not neces-
gpary to enter into these details at this time ; let it suflice that
many experiments and failures pointed out the path to be fol-
lowed by subsequent observors, and stimulated to new effores,
until at last appliances have been perfected that heve alresdy
prodoced wonders, and it is safe to predict, will ere many years
show the ocedan currents on the charts of the world with the snme
relative precision that the ourrents in a river or barbor can now
be indicated. Lientenast Maury gave us ecurreént charts that
were o marvel o their day, but his mformation, or data, was
defective, and hix conclusions, therefore, only approximate; and
bow to improve on the duta he had, has over since been the sib-
jeet of research. The depth of the ocean is necessarily un im-
portant factor in the study of 1ts features, ps erroneons depths
lead to false hypotheses,  The introduetion by the English of a
method of sounding with a wire, bas therefore proved an im-
portant advanee.  American officers have perfected the apparatus
and seversly tested the methods, demonstrating the reliability of
the resulte and the total onreliability of the old desp sen sound-
ings takoen with a line.  These accurate wire sounidings lave re-
vealed new facts, disproved old theories and formad new ones to
guide future researches. S0 sucesssful is the improved apparatus
that specimens of the bottom of the ocenn have boen hrought up
from n depth of five miles.  The great value of this aystem, how-
ever, is not confined to the mers ascertainment of depths for the
hydrographer and cartographber, as may be readily demonstrated
by referting to the reports of the Fish Commissioner, A further
step towards improving on Maury's results 3 the crowning glory
that ix to shed light on much that has bean dark, and trues out
those ovean currents we have horetofare vainly endeavored to fol-
low, is found in the invention and deviees of a naval offieer
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attached to the Survey, wherehy he ean anchor the ship in mid-
ocean and observe the direction and veloeity of the surrant as
from a stationary body, and with & “ current meter,” also his own
invention, determine the same Caetors hundreds of foot below the
snrface ; thus ascertaining not only the movement at the surface,
but the depth of the body of water that moves, and the velocity
at varions depths, so that finally we have the volume—a quantity —
tor be followed until it meets other carrents or = absorbod in, the
vast expanse,  Already current observations have been reconled
with the ship anchored at the great depth of eighteen hundred
fathoms ; aud arrangements bave been perfected that 1t is be-
leved will prove suecessfol at the greater depth of three thousand
fathoms, It 1= impossible with our superficial knowledge of the
great ocean onrrents o estimate the benefits that will be dorived
from their systematie exploration. It is not probable that the
absolute determination of their limits would produce such 8 revo-
lution in navigntion, ax was caused by Maury’s wind charts, but
it is reasonably certain they wonld prove a valuable dassistance to
the navigator, and in the groat chanuels aod bays of the world
increase his facilities for the suceessful navigation of his ship,
Not u little of their value, perhaps the larger part, will be of an
indirect nature, resulting from their study by investigutors in the
nafurnl setences interested in atilizing the bounties of nature for
benefit of man,

The Survey was instituted for the determination of faets, and
the presentation of them in an intelligible form, It does not pro-
mulgate theorivs, and has no use for them beyvond the assistanee
they may be in indicating the line of rescarch necessary Lo ascer-
tain the facte ; bat rather leaves to the student the formulation
of the theories that may be dedueed from the facts presenmted.
The publications of the Survey are, therefore, calenlated to con-
tain only useful, practical information, on the subjects of which
they treat.  An examination of them will show this to be the
eage, andd forther, that error has more likely been committed by
over-cantion, than a too free use of the material st command,
Doubtless mueh has been suppressed through lack of means, as it
has always been the aim of the Superintendents to expend the
appropriations in producing the most usefnl results, whether in
surveys to be made or facts to be published. It necessarily
rEEITEs mAany vears to complets a precise survey over a large
area : amd in the work of the Const Survey, with the people in
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all soetions of ont extended voust line potitioning for surveys st
thir same time, the problom was heset with additional difficalties.
Fortuuately Copgress presaribed the method on which the work
shomld b eondoersd, and thar the methiod permirted making sur-
VYA wii_ﬁrlj sepiarptod with the ecortmnty that they eonld eventu-
allv be joined and form a consistent whole,  Soon after the plan
af reurganization of 1245 had been adopted, surveving parftios
wirte on the Atlantie and Goalf coasts ar muny podutss thie prinei-
Pl harbors and beaildbds with outlying shonls were first sur-
veved and it was hot o fow vears hefore olinrts of them wore pal-
Fishul,  The less important shoms botween these points wiro left
for future work, but Hydrogeaphic sxaminations or Nautien] sar-
vovs, wore made of them, and preliminary charts of long stretohes
of const were Bsued, to be followed whon the sorvevs lind been
completind by 1l finished ehart of reliable dats So elastic was
the svatem adopted for the conduct of the work, that its availe-
hility was lmited only by the annaal appropriations. Soon after
the annexation of Texas surveying partics were on that eonst, ami
on the seguisition of Califorma o few vears subsigquontly partivs
were soom at work there also ;o and after the elose of the war aml
prrclase of Alaska, the immense field thos apened was attneked
with equal promptuess, gnd o feconmabssanee wade thar resnltod
in o map of considerable aevuraey.  As the procisé survevs waore
extended the eharts and plans published from the peeliminary
srrveys were withdeawn, the pew oharts neces<arily having later
dates,

The orviginal surveys of the Atlantio nd Gulf cossts are now
|+rm"t'jmllf;1" 1"rnm]'r|f"twL but very little more wmnfning to he done
m o few comparatively animportant locilithes. O the Pacifie
comst precise sarvevs supplementid by careful seconnaissanee of
less important seetions, define pearly the whold onthine, excopting
Alaska, bot g great deal of work i still reguired to obtain the
full measure of information necessary o pocurately ohare it
And o Alaskn, Noutical surveys hnvo developed long stretehes of
the “Inland passage ™ and the mest important anchorages, sap-
plementing the general reconnaissanee of the whole coast Tine,
A vory large proportion of our shores, however, are anbjoct 1o
such radical changes from natural canses, that the sarvey of the
const can pover be broueht 1o ﬁ]“lal_ ~l.':l}m]lli?ﬁim_ Examinations
aml resurveys are as essentinl s was the originul work, if the
material alrewdy acquired is to e maintwmed in the full measare
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of its usefulness, pod commeree i to continme to reap the legiti-
mate lenefit of the expenditires alremly inearred. Fortunately
the survey has been conducted on such sound principles it mests
the inereasing réguirements for neouracy demanded by the navi-
gation of to-day, s= fully as it did the mor simple neods of the
navigator of forty vemrs ago, and it i fairly believed, whatever
miay be the pecessitivs of the fatare, that it will still supply the
imformation desirved.

Phe Surveys wree published m four hondred pnd fifty charves
desigmed to meet the varous needs of the Navigator aml Civil
Engineer, Tor vither general or local purposes @ over thirty thou-
s gopivs of these e fssned annuully and there is a steadily
inoreasing demani,

The aesistance rendered to the armicvs and eets of the Union,
in the late Civil War, s a chaptor in the history of the Survey
that should wot be forgotten. The office in Washington wns
beger with demand: for mformation from all over the country,
for descriptions not of the coast alone, but all seetions of the
mterior representing the svat of war.  Fortunately the experts
were there who, under the direetion of able ohiefs, eould volleer
and compile such material as was available, e labor of the
office in this cause rédnlted in the publication of o series of * War
Maps™ of the interior, for which herv is freguent demand even
at the prewnt day. This was all additionnl work to a foree
alretdy overbinedened in the preparation of manuseript maps and
spectial informntion, eompiled from the reports of the Field par-
ties especially of thoxe loealities that hal ooly recontly beon
surveyed,  And in all the din and exeitement of the eall to arme,
with hosts of stalwart, honest wen assembled around bim, that
might give in their leaming the wisdom of the world, the eon-
trolling mind of the Survey, thut hod Labored diligently and
solight knowledge patiently, was o chosen oounsellor of the Chief
of the Nation.,  Deelining military honors; the profession in
which he had been eduested, be devoted mself with renewed
enwray Lo assisting the nation’s efforts in those specin] duties he
Enew so well bow to porform, A patriot himself of the purest
type, be inspired those aronnd him by Lis emnuhling “pirit anld
zeal in the cause.

An average of (wenty parties were muintainod with the Avmy
and Navy doring all the years of the war, rendering services of
acknowledged value to the military forces. An officer of the Comst
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Stirvey piloted the fleet into Port Royal @ ancther led the Tron
Clads o the attaek on Sumter ;oo thard stationed the fleet i the
hombardment of Jackson aml St Philip ; and 4 fourth rendered
signal services in the assault on Fort Fisher., They were on the
Peninsula, gulde= In the wildernesz on the retreat to Malvern
13 ar Chickamaugn, Knoxville, Missionury Ridge ; the mareh
o the Sen and pursait throngh the Carolinas 3 an the Red river ;
efore Potersbhureh ¢ in the Sounds of North Carolma ; the Sea
Islnnde of Georgia and Florsida and the swamps of Lousiana ;
and, wherever they went, few i numbers though they were, they
wrained honor for their canse and eredit for their Chief,

The Survey of the Coast has exvited the admiration of the
whole givitimad workd for its thoroughness and aecuarney, and has
uot been exeelled by the most advanced nations, It has justiy
bevn elsimed to be a scientific work, ss-well as a practieal oue,
For seienee hing guided those who have condneted it and led them
throogh the fields of their labors on the only sure basis to pros
duce knowledge.  And the great Enowledge that has been ae-
quires] by its seicmtific proseeution, ie beyomd comparison with
the little that would have resuited had it been condnoted on the
less thorough methods of Noputiesl Surveying that have beea so
varnvstly advoeated.  We canmot compute the value of what has
heen learmed 10 dollars aud cents; that it has saved to the Nation
many times over, all that it hos cost, does not admit of a douby,
Its educational infloence has boen widespread, extending beyond
the sens, and coming back to us with cheering words of enoowr-
ngement and praise,  Practical men utilizing the results of the
great wark in the business nffairs of Tife, use no stinted phrases
in the encominms they bestow upon it ; Military men oompelled
to rely upon it in the perils of warfare, have not found 1t want-
ing, amd have given only praise for the great help it was to them ;
Seientific men, ever watohful of that which 18 true, have approved
it the world over, and cite it as an example of the great profit
that may eome to s-people, free to atilize Seienee in the eonduet
of practical work. Our jnstitutions of learming have adopted its
publications in test-books, Our merchants venture millions of
dollars daily on the veracity of its statements, and our mariners
risk their lives on the truthfulpess of the Survevs. It bas 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 galaxy with more honor than that which boars



The Survey of the Coast. 7T

tribute to the genins of American Secience, in the work of the
Coast Sarvey, From ignoranee most profound we have been
ruised to knowledge almost porfect; 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 wo may hope will perpetusts
1t for its inestimable benefits 1o them all,
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THE SURVEY AND MAP OF MASSACHUSETTS,
Hy Hesny (assETT,

Tux Geologieal Survey is engaged in making o map of the
Unitedd Stutes,  This work wos commenced as an wdjunet to the
g{it,ll,.ng'm:ll work, and wits rendered neesssary by the faet that, ex-
cepit in limited areas, no maps of the countey on any bot the
smallest woales were in existopee,  While these moaps are thos
pritarily moade to aid in the geolagic work and in the delineation
of geologic results, they are being mado of suoll a character as to
meet all requircinents which topogeaphic maps on their seales
should subserve,

The work i» being earriedd on iy varions parts of the country
and is being proseonted on n eonsidorable seale, the annoal ontput
being lvtweon 50,6000 and G0000 sq. miles of surveyed area,
Commenced in 1882, the work has been extended over more thun
S00,000 s miles at the present time,  OF this work the survey
of Mussachusetts formes o part.

[t =one af its features this survey was an esperiment, It was
the joinut work of the State and the Tnited States, snd, so fur a5
I know, was thi first exnmple of suoh joint work.  In the summer
of 1883 the UL S Geological Survey commeneed topographie work
within the State, the scale adopted being very noarly 2 miles to
an ineh.  Only o beginning was mude durving the season, and in
the following winter the Governor of the State recommended to
the legislature that if practicable advantazge be taken of the
capp;:urtunitjr, amd an arrygvment fur ;.'rttﬂpnﬁjmﬁt_m b msele be-
tween the State and the Heolgion] Survey, by which a map upon
a larger seale und with o greater degres of detadl might be ohb-
tained ue n vesalt of this survey.  Acvordingly, after some corres-
pondence with the Director of the 11 8. Geologieal Survey, the
legislature anthorized the appointment of o commission, with
power to make an arrangement with the Director of the Geologi-
eal Survey looking toward the result above indieated, and asppro-
priated §40,000, being half the estimatel cost of the survey apon
the larger seale, 310,000 of which was to be available the ficst year
and £15,000 1o each of the two subsequent yvears, The following
15 the text of the hill, which 1= 11 many respects & model legisla-
tive document ;
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COMMONWEALTH OF M AsK;

Resolve to Provide for o Tamgru.pluml Burvey mml Map of the
Commonwealth,  (Chapter 72, I,H&IJ

Resolead, That the governor, with the ndviee and eonsent of
the couneil, be aml i hereby authorized to appaint o Commission
to consikt of three oitivens of thoe Commonwenlih, (ualified by
widneation dnd experience in topographical seience, to confer with
the director ar representative of the Tnited States Gueologicl
Survey, and to acerpt its cotperation with this Commonwealth in
the preparation and completion of n contour topggeaphieal survey
and map of this Commenwealth hereby authorized to bo made,
Spid Commission shall seryve without pay, bt all their necessary
exprnses shall be approved by the governor and souneil, and paid
ont of the tregsury.  This Commnission shall have power to arrange
with the Director or representative of the United States Goeologi-
vl Survey ounoerning this survey and mop, sts seale, method, exe-
ention, form aid nll detadls of the work in bwhalf of the Common-
wealth, and may scvept or rejeot the plans of the work presentod
by the United States Geologionl Survey,  Said Comnission miy
expend in the prosecution of this work s smm ogual o thar which
shall be expended thervin by the United Stotes Geologieal Survey,
but not excomding ten thousand dollars, daring the year eoding
on the first duy of June, eighteen hundrod snd sighty-five, and
not 1o exceed ﬂw sunt of fifteen thonsand dallars in sny one Fiur
thetealtor, and the toral anst to the (."w-lmlnnnwmllh Gf llw SUrvey
shall not exeeed forty thousand dollnrs,

o pursnanee of this esolution Gov., Robinssn appointed the
following wentlomen as convnissioners on the part of the State
Gen. Franeis A, Walker, President of the Masichnsetta Institute
of Tochuology, Mr. Henry L. Whiting, Assistant T, 8, Const andl
Geodetie Burvoy umd Prof. N8 Shaler of Harvaed Collogs.  The
Direotor of the Geologionl Suervey, upin being notiflod of this
action, lnid before the ecommissioners o proposition for o joint
survey i the following twrms :

[T 15 proposed to moke n tﬂpnrrrn,luhw map of the Swte of
Mnahnrhuwtt.ﬁ, the pxpemse of which shall be borne conjointly by
ﬂm Gonlogical Survey and the State of Mussachiysetts,

2, The Borden triangu!utluu andd the Coust and Gendotic Suryey
tria-ngnlm-inﬂ will be utilized as far as possible, and widditional
trinngulation will be made to sich extent as muy be necessary,
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., The topographic work of the Coust and Geodetic Survey
will be utiliged as far as it extends.

4. The siirvey will be exeouted in & mamer safficiently elabo-
orate to congstruet a topographic map on o seale Gf 10 62,600,

5. The topographic roliefs will b represented by contour lines
with vertical futervals varving from fen to fifty foot, as such in-
tervals are adapted to Joeal topography.

. As sheets ure complotod from time to time copies of the
same will be trpnsmiatted 1o the commission,

7. When the work is completed and engrmved for the Geologi-
el Survey, the Commission, or other State authorities, may have,
at the expense of the State, transfers from the copper plates, thus
raving the Sunte the cost of final engraving. |

%, The survey will e proweouted at the exponse of the Geologi-
eal Survey for the months of July, August and Seprember,  Dur-
ing the last half of the month of September the Commission shall
oxamine the work exceuted up to that time, and if the resulrs,
methods and rates of expenditure are =atisfactory 1o the Com-
mis=ion, the expenses of the work for the wonth of October shall
be horne by the State of Massachnsotts, for the month of Novem-
ber by the Geologieal Survey, and the work thereafter shull con-
tinne 1o be paid alternstely by wonths, by the Geolugical Survey,
andd the Stave of Massachusetts severally,  But as the larger ex-
prensi inebdent to the beginning of the work Te impuosed on the Geo-
logrieal Survey, at the eloso of the work the State of Mossachusetts
shall pay saeh pdditional amount s iy e necessary to ogualie
the expeonditures; provided that the total expenditure of the Stite
of Massachusorts sholl not excved forty thousand dollars (840,0000) 3
wind if the completion of the survey of the State of Massachusetts
wiged thee preparation of the necossary maps on the plan adopted
by the survoy shall exeesd in pmount eiglty thousaud dollares
(&50,000), then sach exeess shall be whelly paid by the teologi-
el Suryey,

The eommlpsioners suggestid some minor amendments to this
proposition, which were aceepted, amd ander these provisions
work was commenced aml earried forward continuously to its
completion, The fluld work of the state was finished with the
elose of the seuson last fall, sl the drawiby of the maps is now
substuntially done.  The work wus done o the feld with such
necuracy amd suel dogree of detnil as to warpnt the publicarion
of the map wpon a seale of one wich 1o a mile, or, what s pre-
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tically the same thing, 1:625600, The relief of the surface is
represented by the contour lines, or lines of equal elevation above
wed, traced st vertival intervals of 20 feet.  These contour lines,
which are becoming u common feature of modern mups, add an
additional element. They expresss quantitatively the third dimen-
sion of the country, vig: the elevation. An inspection of such
a map not only shows the horfzontal location of points, but their
vertical location ns well Tt gives the elevations of all parts of
the country represonted, above the aon.

The map represints all streams of magnitude sufficient Lo find
place on the senle, and all bodies of water, as lakes, swamps,
marshes, ete,  In the martter of oulture, in which definition is
included all the warks of man, it seemed desirable to represent
only such as arv of worelatively permanent nuture, and to exelude
temporary works, for the very apparent reason that if temporary
waorks were included, the map would be not only a constant sub.
joet for revision, but even in the nterval between the survey and
the publication, the eulture might change to a large extent, and
the published map be correspondingly incorreet from the ontset.
In searching for a eriterion which eould e eonsistently followed
i distingunishing between valture which shonld and should nm
be reprosentod, 1t was found thet by limiting the representation
to thut which may be denominated public culture, that is, that
which has relation to commuuities, as distinguished from individ-
unls, a cansistent Hue could be drmwn,  Adopting this eriterion,
the muap contiaine all towns, cities, villages, post offiees, —in shor,
all settlements of any maguitnde, all railroads and all rosds, with
the exoeption of sueh as are merely private wayvs, wll publie
canals, tunnels, bridges, ferries hnd dams. There were excluded
ander this roling isolated howses, pmvate ronds, fences amd the
varions kinds of crops, ete. Forest arcas arme shown,  Subse-
quently, however, in response to the prgent wish of the commis-
sintiers, the survey consented to lovate the howses: npon the maps,
although in the engeaving these have been omitted.  The omis-
siom of all private culture loaves the mups very simple and casy
to interpret. For convemenee the field work was done upon
a lurger sealo than that upon which the maps were to be pub
lishasd, viz: nowcale of 1200000, or o litle wore than doubily the
publicntiﬂﬂ seale. The map of the state s plaoned Is come
prised in 52 atlas sheots, eheh of which comprises 15 minutes of
latitude by 16 minutes of longitude and an area of about 225
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spnare miles,  These sheets upon the seale of publication are
about 154 inches by 13 in dimeossions.  In two or theee cased
along the coast it seemed to be in the intrest of cconomy to
vary from this areangement slightly, in order to avoid the multi-
plication of sheets.  Many of the sheots upon the borders of the
state project over into other states, and, in cases where the area
Iying without the state was small, the survey was extended
hevond the limits of the state, in onder to completi the sheets,
Every mup is a sketeh, which i corteeted by the geometrie
Ineation of w greater or less number of points. Assuming entire
accenraey in the location of the points, that is, assuming that the
errars of loeation of the points are not perceptible upon the
map, the medsare of decnrdey of the map consists i the num-
bor of these goomitric lovations por unit of surfaece, per square inch,
if Vol will, of the map. Thie ETERLer the g ber of these looations
the greater the aecnraoy of the map, bat bowever numerons they
mny be the map itself is a skeveh, the pointe loeated being sumply
mathematical points. Whatover method bo employed for mak-
g these peometrie loeations, the sketehing 15 substuntially the
same everywhere.  The methods of making these locations must
differ with the ebarmcter of e conntry, as regards the wmount
ane form of its velief, the prevalinee of forest= and other elreum-
gtanis.  There are two gengnl methods of making the geo-
metrie Jocations wsed in sarveving; one, by triangmlation: the
othor by the measnrament of a simpede direction and o distuanee,
which is the method emploved in trovesse sarvoying.  In proe-
tioe, the two methods are often combined with one another,
Bath methods have been gmploved in Mossachusetts,  The funda-
montal basis of the work was the tnansulation which had been
enrricdd over the state by the 7. 8. Coast and  Gopdetio Survey.
By this survey points wore loeatml at wide intervals over the
stale,  Pesides this there wis sxeented Tetweon 1880 aml 1840,
at the vxguemse of the state, n trisngalation known as the “ Hor-
dent Strvey.”  This located o mueh larger number of points,
bt less previsely,  The Comst uil Geodetle Survey kindly uder-
took the adjustivent of thiz trinngulation to an arreement with
ite own work, and, s many of the lines. were common 1o the two
pivees of work, the locations made by the Borden Suorvey were
by this adjustment greatly strengthoned,  Even after this work
was done, howsver, thers remained consideruble areas which
wore destitute of logated points, and it became necessary to sup-
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plement it.  This was done in part by the Coust and Geodetic
Emaj-' and in part by the Geologieal Survey. By these several
agencies upwards of 500 peints were made availalde for the use

of the wpographers, These are in the main well distriboted, fur-
nishing upon cach sheet a sufficienoy, while upon muny the muom-
bor 1= greatly in excesd of the requimements,

The wark of location has been done in different pares of the
state by different methods as seomed most applicably to the dif-
foring oonditions of relief, forest covering and ouiture. Through-
out most of the westorn part of the state the work was done
entirely with the plane table, using the method of intersections as
the menns of loestion.  Kaish plane table sheet comprised one-
half of an atlas sheet, cut along o parallel of latitade,  The plans
tabler, starting with three or more loeations upon his abect, fur-
nished by the trinngulntion, expanded over the sheet & graphic
trinngulation, loesting therehy a considernble number of points,
before commencing detailed work, This was done 83 rapidly as
passible vonsistent with a high degree of precsion. The reason
for covering the sheol with the geaphio rrangulation 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 dreyving,  This done, the pline tabler
went on with his usnal routine of work, locating mmor points
and sketching the topography in contours, The map was as far
as prssible completed upon the stations, with the countey in view.,
Elevations were determined ns the work progressed, with the
vertienl circle of the alidade, and minor differences of elevation
between points whose hejght was known were measured hy
aneroid barometer.

In this work several different forms of [nlﬂnﬂ table have been
employed, It was commenced with the large heavy movement
designed 1 believe by the Coast and toodetic Survey. This,
however, was fotand unpecessanly heavy amd combersome, and it
was discovered that the reguisite degree of stability could be
obtained with much léss welght, For this plane table movement
there was soon substituted anmther form in use in the Coast and
Geodetie Survey, which s very mugh Hehter.  This was 200n
improved by taking off the slow motion in azimuth, which was
found to be unnecessary, and the hddition of more powerful
elamps, for the purposing of remdering it more stable, A still
more stable form, however, eoupled with even less weight, was

B
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designed by Mr. W. 1), Jolmson, of the T7, 8. G. 8 and was im-
mediately adopted. This is substantiolly & modification of the
ball und socket movement, It consists of two cups of large siae
fitting clodely to one another and working within ane another in
stioh & way as to allow of the adjustment in lovel, and the olnmp-
ing of the level adjustment independently of the azimuoth move-
mont, elamps for both level and aximuath adjustments being under-
menth the instrument.  This form = extremely stable, admits of
quick adjustment and levelimg, and it has been from the time of
& invention in general wse in this state and elsewhere in the
Survey.

In the uwndulating, forest-covered, region in the sontheastern
part of the state 1t was found impracticabls 1o ose economically
the method of intersections, and resort was had to the traverss
methind for making locations.  In this method, as is well known,
one station ia looated from ancther by the messorement of o
distance and direetion, the line of stations being conmected at
cuch end either upon stations in the trisngulation or upon other
linvs, while from the stations m these triaverse lines, poinis off the
lines are Ioented by imtersections, if practicable, or by distanee
aml direstion measurement,  For this kind of work the plane
table, ar least such a plane table g 15 generully in nse is an inecon-
venignt instmment,  The plane table with the telescopie alidade
ie too eumbersome an instrament to be cirried aboue and sot up
e fraquently as is neccssary in this work.  Therefore for this
purpose theodolites, Btted with stpdin wires and stodin vods, have
been used.  Distonees gre messired by the angles subtenduod hy
the studia wires upon the vod, whese divisions aro of known
length, whilit the direetions are measured h}' the vompass attochad
to the theodolite, and differences of elovation by epirit level and
vertival angles.  With this instrument Hnes were run alonge all
the ronds and along the principal streams o s poart of the state
and from these lines the conotry Iving betweon them was located
and sketohed,

In the portheastern and in much of the middle portion of the
wtate a mived method of work was employed, the plane tble
being used for earrying on the intersection work wherever it
eould be done, while by traversing the roads, their detnile, which
conld not be obrained by the plane table in this region, were
reachéd.  These traverses wers platted in the affice and the maps
drawn from notes sl skitehes mode in the teld.
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The degree of securney of the map depends upon the aceurney
of the locations, their numbur and the uniformity of their distri-
bution. Of their acouracy it is only necessary to state that their
errors are not sufliciently L tgze- te be appreciable upon the sole
of the map, for instance the scale belng one inel to a mile, ay
ervor of 50 feet in the location of o point would by ipon the mip
bmt ope hundeedth of an ineh;—a barely appreciable quantity,
amd it is of conrse casy to make the loeations within this limit,
Of the number of locations por unit of mup surfaee [ shall give
statistics drawn from the full experience of the Survey in this
stute.  The area surveved by the method of mtersections oxelus:
ively comprises 3,500 square miles, or about two-fifths of the
state,  In this area 5,129 stations wore ocoupied with the plane
table, or slightly less than one to a square mile, or, measured upon
the mag, one tok sgquare el Besides these, 17,840 points were
located in this aren by intersections, making, with the oceupied
stations, 4 total of 20955 Joeations within the area, or 6,2 haori-
eoptol loeations por sguare tneh, Do the sime area the heights of
A4, 881 points werg moeasured, being 10 per square ineh. 1 am
expressing these fignees i terims of fnches of the final map,
beonase 1t 15 the map with which we are convernedd.

The aren surveyed by the traverse method is 2500 sq, miles,
In this aren 5015 miles of traverse lines were ran, boing 2.9 linear
mehes per square inch of the map.  In romming these lines 46,524
stations were maide with the theodolite, buing 8.3 per inear mile
of traverse and 186 per s inch of map,  The number of mens-
rements of height was 92,561, being 37 to the square inch,

The srea surveyed by the mised method comprised 3000 <q,
mile=.  In this 800 stutions were made with the plage talile, and
Fromn them 2518 pomts were loeated by intérseetion, moakinge
altogether 4018 points looated with the plane table.  Tn wldition
to this, 8707 miles of traverse were run, beimg 2.2 linear miles
piet sqpuare mile of arva,  In thess tmverses 31,708 nstrumental
stations wore made, or L7 per linear mile and 10:8 per sy, mile,
Tha sum of the pline table stations, loeations, and the traverse
atations, which makes up the wtnl of borigontal loeations in this
i, i ARG, being o total af 180 ponts per sq inch of map,
The nomber of measurements of height in this ares is 7,110,
bt 22,4 per s, ineh, Ttowill b seon that the number of bori-
rontal locations and of height measuraments in the area travorsed
I mucl’ greater than o that surveved by the Intersection
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method, and it might be inferred that the former work is better
controlled than the latter, T do oot judge, buwever, that this is
the ouse, owing to the fact that traverse stutions are not of as
much value for porpeses of location as those by intersection.
The Intter are selectod points, The former are not selected
pointg, but on the contenry, 4 largs proportion of thew sre
located simply for carrving forward the live and are of no further
seryioe, and very few of them are such ax would be fitted for the
purpose of vontrolling aress,
- Within the arva surveved by traverse nearly evory mile of romd
ha= heen man,  With the excoption of those in the eities, nearly
every house and overy church in the commonwealth has boen
loeated, clither by mterseetion with the plane tabile or by traverse,
The vrganizstion of the surveving partivs has been of the stm-
plest charmcter,  Plane table work luss been carried on by onie
man with nn assistant, the latter doing fittle more than artend the
plane tabler dnd assist him in carrving the lnstroments. Each of
these little plane table parties was fornishod with o borse and
tmgay for trapsportation,  The organization for trnvérse work has
been equally simple, consisting of n traverse man and a rodman,
As o horso and buggy would be an impediment i this work, this
fenture of the ontfit has besn omitted.  In the mixed work the
eraverse wen have been under the immediate control of the plane
tabler. so that their movements have beett ditected by bim in de-
tail.  The avernge ontpait per working day of the plane taliler las
beon for the whole suevey 5.1 s miles, and of the traverse mun
2.8 s mkles il s the expenses of the former have boaon slightly
groater than those of the lntter, the oost per sipuare mile of the two
mwethods of work has been substantially the same.
~ The average cost per square mile of the survoy OF the State hos
been u trifle less than &15.  This ineludes the saluries of all men
engagod apon the werk during the field senson, their traveling,
sitbmistence aml all other expensos, the salaries of the wen engaged
i Il.ll'll\'i‘i_llg l.,.hv ltmp: i Lhe n‘fﬁl‘:t', the onst l;rf 5upanviwiﬂll Ilﬂt_i l]f
dishursement,—in short all expenses of whatover chameter, in-
curred 11 the production of the map,
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NATIONAL GEOGRAPHIC SOCIETY.

ABSTRACT OF MINUTES.

Firut Regulor Meeting, Feb. 17, 1888, —Held in the Law
Leeture room of Colembian University, the president, Mr, Hub-
hard, in the ohair,

The president delivered an inangural address.

Major J,. W, Powell lectured on the Physiography of the
United Stntes.

Second Regular Meeting, Mareh 2, 15888, —Held in the Law
Lecture room of the Columbin University, vice-president Bart-
lett in the chair.

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

Third Regular Meeting, March 17, 1688, —Held in the Assem-
Bly Hall af the Cosmoes Clab, the president, Mr, Hobbard, in the
chair.

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

Fowrth Regulor Meeting, Mareh 31, 1888, —Held in the As-
sembly Hall of the Cosmos Clab, the president, Me. Hublard, o
the ohnar,

Diisenssion was had on the proposed Physical Atlas of the
ITnited  States, participated in by Messrs, Guannett, Gilbert,
Ogden, Greely, Mareus Baker, Willis, Burtlett, Merrinm, Ward,
Henshaw and Abbe,

Fifth Roguliar Mesting, April 13, 1558, —Held in the Assem-
bly Hall of the Cosmos Claob, vige-president Merriam in the
chaar,

The diseussion of the proposed Physical Atlas of the United
States was contimued, and was participated in by Messrs, Mareus
Baker, Greely, Willis, Cosmos Mindeledff, Gilbert Thompson,
Konaston, Gannett aml Van Deman,



b National Goographic Magozine.

Paper: The Survey of the Coast, by Mr. Herbort G. Ogden,—
( Peehlished in ol 1, Noo ) % National Feagraphic Mogazine™)

Sixth Hegulive Meoting, Aprd 27, 1888 —Held in the Assem-
bly Hall of the Cosmwos Club, the president, Mr. ubbard, in the
cluir,

Papeora : The Great Srorm of March 17114, 1888, by Gen, Al
W. Groaly and Mr. Everett, Hayden—{ Pullished in Vol. 1, No,
1, * Natiopal Geographic Magazing™) |

Goographic Mothods in Geologie Investigation, by Prof, W,
M. Davis—{ Prbtished in Vol 1, Na. 1,  Nationad Geographie
Maguzine,™)

Seventh Roegulay Mesting, Muy 11, 1888 —Held in the As-
sembly Hall of the Cosmos Club, vice-president Merrinm i the
chner,

Papers:  The Survey and Map of Massachusetts, by Mr. Heory
Goannott.—{ Pabliaied in Vol 1, No, 1, * National (eographie
Magazina™) |

Graphio Triwngulation, by Mr, W, 1) Johnson.

Lighth Regqular Mecting, May 26, 1845, —Held in the Assem-
bly Hall nof the Cosmos Club, vicepresident Merriam in the

Papers 1 The Olassifieation of Geographic Forma by Genesis,
by Mr. W. 0, MeGee.—( Publivhod in Vol, 1, Np, 1, “ Notional
fieographie Magpazine™)

This Classifiention of Topographic Forms, by Mr. G. K. Gilbert.

The North Winds of Culifornia, by Mr. Gilbert Thompson.



NATIONAL GEOGRAPHIC SOCLETY.

CERTIFICATE OF INCORPORATION.

This is to Certify that we whose numes are hereinto sulworibaod,
vitigens of the United States and a majority of whom are oitigens
of the Distriet of Columbia, have associated onrselvis together
pursusnt to the provisions of the Rovised Stututes of the United
ot 5 L AR t‘i:’lﬁll.il.lg to the IMstrict of i"ﬂll‘l.mhiﬂ, ML(I of uny mot of
Congress entitled + “ Ao Aet 1o amend the Revised Stamtes of
the Upited States velatioge to the Distriet of Colmmbhin and for
other purposes" approved April 23, 1884, a8 a Society sl hody
corporate, to by kuown by the corporatey tame of the Natioual
Geographic Socivty, amd 1o continoe Tor the term of one hunidred
:.'unn.

Thise partiular objects gl bosiness of this Society are: 1o
ineresss gl diffuse geographie knowldre 3 to publish the frans-
pcetions of the "."hw'u"l}‘: | E1) lbll]tnsh n pvﬁuuliml AU LTI, anil
other works reluting to the scivnee of geography @t dispose of
such publications by sale or otherwise 3 and 1o acquire o libeary,
under the resteictions and reculations to be established in its
By-Laws.

The affairs, funds and property of the corportion shall he in
the genaral cliarge of Manbgurs, wliose number for the first Ve
shatl] b meventesn, consisting of a Prestdent, five Viee Presidents,
W Recording Secrctary, o Correspoiiding Sovretary, a Troasurer
anil eight other membeors, stvled Managers, all of whom shall e
chosen by ballot at the annnal meoting. The duties of these
cfficers snd of other offieots and standing commattees, amd ther
terms and the manner of their election or appointment shiall be
provided for in the By-Laws

(rapnexsen 44 Hoooann, . W, Powen

C. L Duevios, Hexpy (GaxsErr,
0, I Trrsasy. AL Tuasrsox.
J. Howsen Gon A, W. Gureroy,
(. Hanr Mesmiam. Hesey Mivimen.
J. I Bawruerr, Giontue KENyas,
Rouens Winsie, Jn Marcrs Bawen.

CiLEERT ThoNesos.



BY-LAWS

ARTICLE 1.
NAME
The name of this Seciety s the * NaTionat Ogoarartic SecEry.”

ARTICLE 1I.
CBIECT.
The object of this Socioty & the increase and diffusion of geographio
h‘ﬂwtﬂlﬂﬁm

ARTICLE TII.
MW NS HTP,

The members of this Sorviety shall be persons who are interested in
geugraphic selence.  There may be threo clusses of members, active,
correspomting amil honorary,

Active members only shall be members of the corpormtion, shall be
embitlesd to vote and may hold offine

Persons residing at a distance from the District of Colmnbin may b-
come corresponding members of the Society. They may nttend its
meelings, take part in its proceslings aml contribute to it publications,

Persons who have attminesd emiinence by the prowotion of geographic
sclencse may bpcame honbrary menbers,

Corresponding members muy be transforreld to active membership,
wd, oonversely, active membors may be trausferrmd (o corresponding
minlership by the Board of Managers,

The vlection of members ahall be entrosted o the Boand of Mana-
gers. Nominations for membership shall be signed by three active
mimbers of the Society ; shall stete the gualifications of the candidate ;
and phall be presented ta the Reoording Secretary,  No nomination shall
recetve actdon by the Beard of Manngers until i bos boen before it at
feast twir woukn, utid no candidete shall b slocta] unles o peoclves gl
least nioe alirmative votes,

ARTICLE 1V,
DEFFICER=,
The Ofticer=s of the Society shall be a Presidont, five Vico Presidents, a
Tremsurer, a Hecording Sevrptary and a Correspoiding Seorvtary.
The ahove mentionml officers. togothor with elght other membors of
the Society, known ne Managers, shall eonstitute n Board of Manogers,



Bydaira, a1

Officers and Manpgers shall be elected annuoally, by ballot, n majority
of the votes cast being peoessary to an election ; they shall hold office
until their sucesssors are eleotsd | and shall have power to Al vaeancies
oooarring during the year,

The President, or, in liz absence, one of the Vies Presidents, shall
preside at the meetings of the Society and of the Board of Managess :
he shall, together with the Hecording Becretary, sign nll written con-
tracts and obligations of the Boclety, sl attest its corporate seal ; he
shull deliver an annual addresa to the Bociety.

Each Viea President shall represent in the Society and in the Board of
Managers, o department of geogrmphic selones, pa follows ;

Geography of the Land,
(Geography of the Sea,
CGeography of the A,
Ueography of Life,
Geographic Art

The Viee Presidents shnll foster their respeotive departments within
the Society ; they shall present annually to the Sociery summiries of
the work done throughout the world in thelr seversl departimsnts,

They shuall be clected to their respective departments by the Socisty.

The Vice Presidents, together with the two Secretaries, shall oonsti-
tute b commities of the Boand of Managers on Upminanicatinnsg aod
Publications, |

The Treasurer shall have charge of the funils of the Society, shall
vollect the du, and shiall disbarse under the direction of the Board of
Murngzers : ho abindl make an anmual report ;) sod his accomnts shall be
audited anuvually by @ vonundttes of the Society sl at such othar
timee s the Bodand of Measgers mav direct.

The Secretaries shall record the pnlu-.!mimu'h of the Society amd of the
Board of Managees; shull copduct the correspomlenee of the Ssedety
pod ghinl]l maks an el report.

The Board of Managers shall truospct all the business of the Soctaty,
eXcept such as muy be presented ot the snnoal meoting, 1t shall formu-
Inte rules for the comduet of its bustoess. N members of the Beard
of Managers shall constitute s guoriim,

ARTIULE V.
DUEN.

The anminial dues of potive members shall be five dollare, payahle dour-
ing the month of Jaogary, or, in the cass of pew mowbers, within
thirty daws after olection.

Antunl duvs muy be commuted atd Hfe iembepship noguired by the
pavimeEns of fifty dollars.

No member in areears shall voty at the ammus] pustdne. aml the
names of menibers two yerrs in arresrs shiall be dropped frot the coll
of membership,



Ha Nautional CGovgraphic Magezine,

ARTICLE V1.

Regulor mostings of the Socloty shall be held on alternste Fridoys,
from October until May, inclusive, and, excepting the annunl mesting,
shall be devoted to communications.  The three regular mpeetings nest
proceding the wnnual meeting shall bo devotod to ths Preasident’s anounl
wdidpess and the reports of the Viee Presidputs,

Thi snoual mesting for the election of offlcors sliall be the nst rego-
lar meeting in Dévember, | |

A quoratn for the transaction of business sliall conaldt of twenty-llve
netivis pismbiers. | | | |

Specind meetings may be called by the President.,

ARTICLE VIL
AMENDMENTE
Thisse biy-liws iy I smspiiid by & two-thirds vote of the members
present ot o regulor meoting, provided thal nofice of the proposed
amendment has been given in writing nt a regular moeeting nt least four
wieks privionsly,
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