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LOwL., Petermann's Mittheilungen, xxvili, 1553, 411,
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Pant rFigst. Infroductory.

1. Plan of work Aere proposed. —No one now regards o river
and its valley as rendy-made features of the earth’s surface.  All
are convineed that rivers have come to be what they are by slow
processes of natnral development, in which every peculiarity of
river-course and valley-form has its appropriste cauves, Baing
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fully persusded of the gradual and systematic evolation of topo-
graphic forms, it is now desired, in stodymg the rivers and
valleys of Pennsylvania, 1o seek the eauses of the location of the
streams in their pressnt courses ; to po back if possible to the
eirly date when central Pennsylvania was first raised above the
sca and trace the devélopmunt of the several river systems then
implanted gpon it from their ancient beginning 1o the present
time,

The existing topography snd drainage system of the Stare will
firat be briefly described, We must next inguire into the geo-
logical struoture of the region, follow at least in » genernl way
the deformations and changes of attitude and altitude that it has
suffered, and consider the amount of depudstion that has been
necomplishedson ite surface. Wemust st the same time boar in
mind the natural history of rivers, thar moerphology and devel-
opmont ; we must recognize the varying activities of a river in
itd youth and old age, the adjustments of ite adolesconce and
maturity, and the revival of its decrepit powers when the land
that it draine is elevated and it enters & new ovele of life
Finally we shall attempt o follow out the development of the
rivers of Pennsylvania by applying the general principles of
river hietory to the specinl case of Pennsylvanin structare,

2 Generad deseription af the topography of Pannsylvania,—
The strongly marked topographie distriots of Peunsylvania-can
hardly by better desoribed than by guoting the account given
over o centary ago by Lewis Evaons, of Philadelphia, in his
“ Analyaig of & map of the middle British colonies in Ameriea™
(1785), whioh 18 us valuablo from i appreciutive perception as it
i interesting from it eariy date.  The fullowing paragraphs nre
selectedd from his esrly pages :

“The land scuthwestward of Hudson’s River is more regulariv
divided and into 3 preater number of stages than the other.
The first object worthy of regard in this part is a rief or vein of
rocks of the wlky or Lsmgluur kind, syme two or three or half a
dozen miles broad ; rising' generally some smail matter higher
than the adjoining land ; and extending from New York city
southwedterly by the lower falls of Delaware, Schayikill, b-l::lqm.-—
hantia, (run-Powder, [’n'l!-apwu. Potomnok, Ih}r.uhannm:h Jatnoen
river and Rogeak. This wis the antient maritime boundary of
Ameriea and forms a very regolar curve.  The land between this
rief and the sen and from the Navesink hills southwest |, | | | .
may be denominated the Lower Plaing, and vonsists of soil washt
down from above snd sand accumulated from the ooean,  Where
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these plains are not penetrated by rivers, they nre a white sea-
sannd, aboutl twenty Teel +|m-1- and perfestly barten, a8 ne mixtore
of satl helps to enreich them, ]Jul; the borders of the rivors,
which descend Trom the uplands, are rendered fertile by the soii
washt down with the floods aud mixt with the sands gathered
From the sen. The sabstratome of sea-mnd, shells and other
forvign subjects 15 o perfeet conbrmation of this sapposition.
And benee it is that for 40 or 50 miles inland aod all the way
from the Navesinks to Cape Florida, all s a perfeet barren where
the wash from the aplinds has not enriched the borders of the
rnvers 3 or some ponds and defiles have nol furnished proper
stupport for the growth of white cedurs, © . . .

“ From this rief of vocks, over which all the rivers fall, to that
chain of broken Lills, called the South mouwntain, there 8 the
distance of 50, 80 or 70 miles of very uneven ground, risin
seninibly a8 yon sidvanes further inland, and may be denominater
the Upland. This consists of veiny of different Kinds of soil and
substrata some seores of miles in length ; and in some places
averlaid with little ridges and chains of hills, The declivity of
the whole gives great rapidity to the streams ; and our vinlent
gusts of rain have washt it all into gullies, and camed down the
=oil to enrich ths borders of the fvers in the Lower Plaing
These inequalitics render half the country not easily eapable of
culture, and impoverishes it, where torm ap by the plow, by daily
washing away the nebor mould that covers the surface.

“The Soutl mountain is not in ridges like the Endless moun:
taing, but in small, broken, steep, stoney hills ; nor does it Tun
with 8o mueh regularity,  In some places it gradually degeneratis
to nothing, nol te appedr agmn for some miles, and in others it
spreads several miles in brendth,  Between Soath mountain and
the hither chain of the Endless mountains {(often for distinetion
ealled the North mountain, and 1 some places the Kittatinni and
Peguélin), there ia o valley of preny even good land, some &, 10
or 20 milex wide, and 15 the most considerable quantity of
valuable land that the English are possest of ; snd rans through
New Jursey, Pensilvanin, Mariland and Vieginin It has yet
obtained no peneral name, but may properly enongh be ealled
Piemont, from its gituntion,  Besides convenlences always attend-
img good land, this valley i= everywhere enviched with Limestone,

“The Endless mountains, so called from a vranalation of the
Indian nameé bearing that signification, come pext in order.
They are not eonfusedly seattersl and in dofty peaks overtopping
one snother, but streteh n long uniform ridges searce half a mile
perpendicular in any place above the intermediate vallies.  Their
name is expressive of their extent, thongh no doubt not o
literal sense. . . . . . The mountains are almost all so many
ridges with even tops and rearly of a height. To lock from
thesa hills wito the lower lands 18 bat, &8 it wers, into an ocegan of
woods, swelled and b-l:'::lpwst here and there by little inegualities,
not to be distinguished one part from another any more than the
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woavis of the real ocean, The umfuruuhr of these mooniuins,
though debarring us of an advantage in this respect, makes some
sends in another. They are very regular in their courses, and
confine the ereeks and rivers that run between ; and if we know

where the gops are that let through these stresme, we are not at
a loss to lay down their most considerables inflections, . . . .,
“To the northwestward of the Enidless mountains is a country

of vast extent, nnd in n manner as high as the mountains them-
selven, To look ut the abrupt termination of i, near the sea
fevel, ne is the case on the west side of Hudson's river below
Alhn.uy, it looks as 4 vast ligh mountain § for the Kants Kills,
though of more lofty stature than any other mountains in these

of America, are but the continuation of the Plains on the
Lap, and the cliffs of them in the front they present towsrds

Kimmderhook. These Upper Plains are of ﬂt:n-:m:lmn.r_f; rich level
!mLL atid extend from the Mohoeks river I'.hrnuq]l the 1"4'111:!1.l'.l"1" af
the Conflederates.,® Thelr termination |mr1'.h'|:rnni is at a Hrtle
distunmoe from  Lake Untaro: but what it 18 westward i not
known, for those most extonsive pliins of Ohio are part of them,™

These several distriots recognized by FEvans may be summar-
ized w5 the coustal plain, of nearly horizontal Cretnoeous and
later beds, just entering the sontheastern corner of Pennsylvania ;
the marginal apland of eontorted sehists of disputed age ; the
Sotth Mountmin belt of anciemt and mueh disturbed erystalline
rocks, commonly ealled Archean ; a space between thess two
traversed by the sandstone lowland of the Newark formation :f
the great Appalschiagn valley of erowded Cambrian limestones
and slates ; the megion of the even-orested, [inear Paleoxolo
ridges, bounded by Kittatinoy or Blue mountain on the south-
cast and |_'l1|.' Ml-i.rpflmuj' motntaim on the uurl!hwmi[l, thim tIEi.IIE' the
aren with which we are here most concerned ; and finally the
Alleghuny platean, consisting of nearly borizontal Devonian and
Carboniferons beds and embracing all the western part of the
stite.  The whole reglon presents the most emphatio expression
not only of its strocture but aglse of the more recent eycles of
development through whioh it has pussed.  Fig. 1 represents the
stronger Fidges and larger stroims of the groater part of the cen-
teal distriet @ it s reproduced from the expressive Topographie
Map of Pennsylvania (1871) by Lesley. The Ssquehanna Hows
down the middle, reseiving the West Branch from Lock Haven

* Referring to the lengue of Indian tribes, so-called.

{ Ruzgell hns Intely recommended the revival of this term, proposed
many yeard ago by Hedield, as & non-committal name for the © New
rid sndstones ™ of our Atlantic slope, commonly callsd Trinssic.
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and Wil]inmspﬂrt,. the Enst Branch from Wilkes-Barre in the

Wyoming hasin, and the Junista from the Broad Top region,
south of Huntingdon, The Anthracite basing lie on the righe,
enclosed hy sigrap ridges of Povono and Potteville sandstone ;
the Plateaw, trenched by the West Branch of the Susquehanna is
in the nurthwest, Medina sandstone forms most of the central
ridges,

3, The dreainage of Pennayleania.—The greater part of the
Alleghany platean iz druined westward into the Ohio, snd with
this we shall have little to do. The remainder of the plateau
drainage reaches the Atlantic by two rivers, the Deloware and
the Susquehanna, of which the latter is the more special objeot
of our study. The North and West Hranches of the Susque-
hanna rise in the platean, which they traverse in deep valleys::
thence they enter the district of the central ranges, where they
unite and flow in broad lowlsnds nmong-the even-crested ridges,
The Juniata brings the drainage of the Broad Top region o the
main stream just before their confluent ourrent cuts across the
murginal Bloe Mountain,  The rock-rimmed basins of the anthrs-
eite region are drained by small bhranches of the Susquebanns
northward and westward, and by the Sehuylkill and Lehigh to
the south and east. The Delaware, which traverses the platean
between the Anthrocite region and the Catskill Mountain front,
together with the Lebigh, the Schoylkill, the ligtle Swatara and
the Sosquehanna, out the Blue Mountain by fine water-gups, and
eross the great limestone valley. The Lehigh then turns east-
wiard and joins the Delaware, and the Swatara turns westward to
the Susquehanna ; but the Delaware, Sohuylkill and Susquebannoa
all continue nerose South Moontain and the Newoark belt, and
into the low platean of schists beyond, The Schuylkill unites
with the Delaware pear Philadelphis, just below the inuer margin
of the coastal plain; the Delaware and the Susgquehanna con-
tinue in their deflected estuaries to the sen, Al of these rivers
and many of their side streams are at present sunk in small
valleys of maoderate depth and width, below the general surface
of the lowlands, and are more or less complicated with tereace
graveis.

4. FPrevious aftudies of Adppalachion drainuge—There have
bheen no special stndies of the history of the rivers of Pennsyi-
vania i the hght of what is now known of river development
A lfew recent essays of rather genera! character as far as our
rivers are concertied, may he mentioned.
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Pesohel examined our rivers chiefly by means of geoeral maps
with little regacd 1o the struoture and complicated history of the
region.  Je concluded that the several transverss rivers which
break through the mountaing, namely, the Delaware, Sosgquehanna
and Potomae, are puided by fractures, santenor to the origin of
the rivers.® There does not seem to be sufficient evidence to
support this obsolescent view, for most of the water-gaps are
located independently of fractures ; ner can Peschel's methed of
river atudy be trusted as leading to safe conclusiona.

Tietze regards our transverse valleys as antecedent ;3 but this
was made ouly a8 o general suggestion, for his examination of
the structure and development of the region is too brief to estab-
lish this and exclude other views.t

Lowl questions the conclusion reached by Tietze and sseribes
the transverse gaps to the backward or headwater erosion of ex-
ternnl streams, 4 process which he has done muoch to bring invo
its present important position, and which for him replaces the
parsistence of antecedent streams of other authors. ]

A brief artivled that I wrote in comment on LOwl's first essay
several vears ago now seems 10 me insufficient o ity method. It
exagperated the importance of antecedent streame; it took no
gufficient account of the severnl oyeles of erosmon throngh which
the région has certainly passed ; and it negleeted due considers.-
tion of the readjustment of initial immature stream courses dur-
ing more advanced river-life, Since then, a few words in Lowl's
essay have come to have more and more siguificance to me ; he
says that in mountain’ systems of very grest age, the original
arrangement of the longitudinal valleys often becomes entirely
eonfused by meane of their conguest by transverse erosion gaps.
This suggestion has been so profitable to me that I have pluced
the original sentence ot the beginning of thie paper.  Jts thesis
is the essential element of my present study.

Phillipson refers to the above-mentioned authors and gives a
brief account of the arrungement of drainage areas within our
Ayppalachisns, but briefly dismisses the subject.] His essay con-
taing & serviceable hibliography.

If these severn]l earlier cssnye have not resched any precise

* Physische Erdkunds, 1880, i1, 442.

} Jahrbuch Geol. Reichsanstalt, xxvidi, 1574, 800,

+ Pet, Mitth., 1888, 400 ; Usber Thulbildung, Prag, 1584

4 Origin of Cross-valleys, Scienoe, 1, 1855, 835,
| Studien Ober Wasserscheiden, Leipsig, 1858, 148,



The Riversand Valleys of Pennsylvania. 191

conelusion, it may perhaps be beesuse the details of the geologi-
cal strueture and development of Pennsylvania have not been
suffciently examined. Indesd, unless the reader hus already be-
come familinr with the geological maps and reports of the Penn-
svivanin surveys snd is somewhbat aequainted with its peography,
I shall bhardly hope to make my case clesr to him.  The volumes
that should be most carefully studied are, firet, the always inspir.
ing elassie, “Coal and its Topography ™ (1858), by Lesley, in
which the immediate relation of our topography to the under-
Iving structore is so finely desoribed ; the Geologieal Mup of
Pennsvlvania (1558), the result of the labors of the first survey
of the stnte ; wnd the Geologieal Atlas of Counties, Volume X of
the second survey (1885), Boesides these, the ponderons volumes
of the final report of the frst survey and gumerous reports on
sepirite counties by the secomd survey should be examined, as
they comtsin many accoutts of the topography aithough sayving
very little about its development. I, m addition to all this, the
reader has seen the central distriet of the state and marvelled at
its even-crested, straight and mgrag ndges, and walked through
its NArTewW water-gaps into the euclosed coves that they drain, he
may then still better follow the sonsiderations here presented.

Fanr Secoxn.  Qutline of the gealogical hisfory of the region,

5. Conditiond of formation,—The region In which the Susgue.
hsnnd and the neighboring rivers sre now loeated is built in chief
poart of marine sediments derived in palecroie time From a large
land ares to the southeast, whose vorthwest cosst-lime probably
crogsed Pennsylvanin somewhere in the sputheastern part of the
#tate ; doubtless varying its position, however, by many miles
as the sea sdvancad and receded in secordance with the chunges
i the relative altitudes of the land and water surfaces, such as
have boen disewssed by Newhérry and Claypole.  The sediments
thus necumulated are of enormous thigkness, measuring twenty
ar thirty thousand feet from ther erystalline foundation to the
uppermost laver now remaining. The whole mass 18 essentially
conformabie in the centeal part of the state.  Some of the forma.
Vioms &re resistent, and these have determined the position of our
ndges ; others sre weaker and are chosen as the sites of valleys
and lowlands. The first are the Oneida and Medina sandstones,
which will be here generally referred to under the latter name
alone, the Povono skndstone and the Pottsville conglomerste | to
these may be added the fundsmental ervatalline mass on which
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the whole serics of bedded formations was deposited, and the
hasal sandstone that is generally nssociated with i, Wherever
we now ses these huwrder rocks, they rise gbove the sarrounding
lowland surface. On the other hand, the woonkeér bods are the
Cambrian limestones (Trenton) sod slates (Hodson River), all
the Silurian exeopt the Medina above named, the whole of the
Devoninn—in which however there are two hard beda of subordi-
nate value, the Oriskany sandstone and o Chemung sandstone wod
canglomerate, that form low and broken ridges over the softer
ground on either siide of theme—and the Carbonifercus (Msuch
Chunk) red shales and some of the weaker sandstones |(Coal
IO¢ARUTES),

0. Former extension of atrata to the southeast, —We are not
much eoneerned with the conditions under which this great sories
of beds was formed ; but, as will appear later, it is important for
us to recognize that the present sontheastern margin of the beds
ig not by any means their original margin in that direction. It
is probable that the whole mass of deposits, with greater or loss
variations of thickness, extended at least twenty miles sontheast
of Blue Mountain, and that many of the beds extended much
farther. The reason for thie conclusion 18 a simple one. The
geveral resistant beds above-mentioned consist of quartz sand
and pebbles that cannot be derived from the underlying beds of
limestones and shales ; their anly known source Isy in the crys-
talline rocks of the paleozoie land to the southeast.  Bouth Mouu.
tain may possibly have made part of this paleozoie land ; but it
spems more probable that it was land only during the eaclier
Archean age, and that it was submerged and buried in Cambrian
time snd not agaio brooght to the light of day nntil it had bean
erushed into many local anticlines™ whose crests were uncovered
by Permian and later erpsion. The cecurrence of Cambrian
limestone on either side of South Mountain, taken with its corm-
pound anticlinal structore, makes it likely that Medina time found
this cryvstalline ares entirely covered by the Cambrisn heds
Medina sands must therefore have come from farther still to the
sotitheast. A similar argoment applies to the soures of the
Poeono and Pottaville beds, The mensure of twenty miles as the
former southenstern extension of Lhe Imtﬂ:lluic formations there-
fore seems to be a moderste one for the average of the whole
eeries ¢ perhaps forty would be nearer the truth.

* Lealey, an below.
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(- Cambro-Siluriagn and Fermion deformations.—This grest
seried of onee horizontal beds is now wonderfully distorted ; hut
the distortions follow a general rale of trending northeast and
southwest, and of diminishing in intensity from southeast to
northwest, In the Hodson Valley, it is well known that 4 con-
siderable disturbanee cecurred botween Cambrian and Silurian
time, for there the Medina lies uneonformably on the Hudson
River ghales. It scoms likely, for reasons that will be briefly
given [nter on; that the same disturbanee extended nto Pennsyl-
vania and farther southwest, but that it affected only the south-
eastern eorner of the State; and that the unconformities in
evidence of it, which are preserved in the Hudson Valley, are
hre lost by subsequent erosion. Waste of the ancient lond and
ite Cambro-Silurien annex still continged and fomished vast bada
of gandstone and sandy shales to the remaining muarine area,
until at last the subsiding Paleozoic basin was filled up and the
coal marshes extended broadly scross it At this time we may
picture the draipage of the southesstern land srea wandering
rather slowly neross the great Carbomiferous plains to the still
submerged basin far to the west ; o condition of things that is
not imperfestly represented, although in a somewhat more
advanced stage, by the existing drainage of the mountainsg of the
Carolinas across the more modern constal plainto the Atlantie,
This condition was interrupted by the great Permian deforma-
tion that gave rise to the main ranges of the Appalachians in
Pennsylvanii, Virginia and Tennesgow, The Permian name seems
appropriate here, for while the deformation may have begun at
an earlior date, sud may have contimned into Triassic time, its
anlmination seems to have bheen within Permian Hmite, It wais
charmoteriged by a resistless foree of compression, oxerted in a
sonthesst-northwest line, in obedience to whish the whole series
of Paleozoie beds, even twenty or more thousand feet in thickness,
was crowded gradually into great and small folds, trending north-
vast anid sonthwest  The subjacent Archean terrane doubiless
shared more or lvas i the distarbance: for example, South
Mountain is desoribed by Lesley a5 “not one monntain, but a
system of mountains separated by valleva, It is, geologically
constidored, o system of anticlinais with tronphs betwesn. . . . . .
It appenrs that the South Mountain range ends eastward [in
Cumberland and York Counties] in n band with five [antielinal]
fineers,”™
* Proc. Amer, 'hil. Soc., xiij, 1878, 6;
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It may be cuneluded with fair probability that the folds began
to rise in the southeast, where they are crowded closest together,
spme of them baving begun here while eoal marshes were still
forming farther west ; and that the last folds to be begun were
the fainter anes an the plateau, now seen in Negro mountusin and
Chestnnt and Laurel ridges.  In conseguence of the inequalities
in the foree of compression or in the resistance of the yielding
mass, the folds do not continue indefinitely with horizontal axes,
but vary in height, rising or fallimg away in grest variety.
Several adjacent folds often follow some general control in this
respent, their axes rising and falling together. It 18 to an unequal
yielding of this kind that we owe the loestion of the Anthracite
synolinal basins in eastern Pennsylvania, the Coal Measores being
now worn sway from the prolongation of the svnelines, which
rise in either direction.

5. Ferm- Trigagie denudation,—During snd for a long time
after this period of mountain growth, the destruetive processes
of erosion wasted the land and lowered itd surface.  An @normous
amount of material wos thus swept sway and laid down in some
attknown ocean bed. W shall speak of this as the Perm-Triaseic
period of eromon. A measure of ity vast aceomplishment 16 seen
when we find that the Newark formation, which s generally cor-
related with T'rigssie or Jurassie time, liee unconformably on the
eroded surface of Camibrian and Archean rocksin the sontheastern
part of the State, whers we have concluded that the Paleozoie
series onoe existed 3 where the strats mnst have risen in s great
mountain mase gs 1 resalt of the Appalnckian deformations ; and
whenee they must therefore bave been demuded before the depo-
sition of the Newark boda. Not onlv #o ; the moderate sinbosty
of the #outheastern or woder boundury of the Newark formation
indicates elearly enongh that the surface on which that portion
of the formation lies 1s one of no great relief or ipequality ; and
suoh a surface can be earved out of an elevated land only after
long continued denudation, by which topographic development
i= ciarried bevond the time of its greatest strength or maturity
into the fainter cxpression of old age.  Thia is 8 matter of some
importanee in our study of the development of the rivers of
Pennsyivania ; and it also constitutes o wood part of the evidence
already referred to as indicating that there must have been some
carlier deformations of mportance in the southeastern part of
the State | forit s hardly conceivable that the great Paleozede
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mass could have been so desply worn off of the Newark belt
between the making of the lust of the coul beds and the first of
the Newark., It seems more in accordance with the facts here
rerounted and with the teachiings of geological history in general
to suppose, as wi bave here, that something of the present
deformation of the anewent rocks underlying the Newark beds
was miven at an early date, such as that of the Green Mountain
growth ; and that a certain amoant of the veosion of the folded
bedds was thus made possible in middle Paleozoie time ; then
arain at some Inter date. ns Permian, a second period of mountain
growth arrived, and forther folding was offected, and after this
came deeper eroston § thus dividing the destructive work thm
was dene into severn] ports, instead of crowding it all into the
post-Carhoniferons tome ordinarily assigned to it It 18 indeed
not impossible that an important share of what we have ealled
the Permion deformation was, ps above suggestod, aceomphished
in the seutheastern part of the State while the coal heds were vet
forming in the west ; many grains of sand in the sandstones of
the UCoinl Medsures may have had severa]l temporary halts in other
sandstone beds bétween the time of their first éromion from the
Archean rocks and the moech later time when they found the
resting place-that they now ocotpy.®

o Newark depoaition.—After the grear Paleozoic and Perm-
Trias=ie erosions thus mdieated, when the southeastorn arep of
anclent moonntains hail been "l_irt-l] WOTn down and the Permion
folds of the centrul district had aequired a well developed
dramagey, there appeared an oppoertunity for loeal deposition in
the slow depression of o northeast-southwest bolt of the desply
wiastid land, aeross the southeastern part of the State ; and into
this trough-like depression, the waste from the adjscent areas on
¢ither side was cartied, building the Nowidrk formation. This
may, be referred to as the Newark or Trss-Joarasse pq-;r]uﬂ it
deposition. The volwme of this formation is: unknown, fs its
thickness and origmal area are still nndetermined ; but it ia
pretiy surely of many thousand feet in vertical measare, and its
ariginnd area may have been casily a fifth or & quarter in excess
of its prosent, areq, if not larger yot, So grest a looal accumnla-
tion seems to indicate that while the belt of deposition was

* These considerations may have value in showing that the time in
which the luteral crushing of the Appalachions was pocomplivhed was

not 8o brief ns is stated by Beade inoa recent article in the American
CGeologist, L, 158D, 106.
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liﬂh.illg.' the adjacent arvss were rising, in order to fornish & eon-
tinual supply of material ; the ocourretiee of heavy conglomerntes
along the margins of the Newark formation confirms this suppo-
sition, and the heavy brecoias near Reading indieate the ocenr-
rence of n strong topography and a strong transporting sgent 1o
the northwest of this part of the Newark belt, It will be neces.
pary, when the development of the ancestors of our present rivers
i taken up, to coosider the effects of the depression that
determined the loons of Newark deposition and of the adjacent
elevation that maintnined n supply of material

L0, Juraasic tilting.—Newark deposition was stopped by a
gradun]l reversal of the comditions that introduced . The
depression of the Newark belt was after & time reversed ioto
elevation, accompnnied by 8 peculiar tilting, and again the waste
of the region was carried saway to some unknown resting place.
This disturbance, which may be regarded as o revival of the
Permian activity, culminated in Jurassic, or at least in post-
Newark time, and resolted in the productinn of the singular
monaclinal attitude of the formation ; mul ae far a8 | can eor-
relate it-with the seoompanying change in the wnderlying strue-
tures, it involved there an over pushing of the elosed folds of the
Archean and Paleozoie rooks. This is lllustrated in figs. 2 and 8,

i which the original and disturbed attitudes of the Newark and
the nnderlying fermations are roughly shown, the over-pushing
of the fundamental folds causing the monoclinal and probably
faulted structure in the overlying beds® If this be troe, we
might suspect that the ansymmetrigal attinde of the Appalachian
folds, noted by Hogers as o charscteristic of the range, s a
feature that was intensified if not origioated in Jurassic and not
in Permian time,

*= Amer. Joorn, Science, xxxii, 1888, 342 ; and Seventh Ann Hept.
U, 8 Geol. Survey, 1339, 488,
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It is not to be supposed that the Jurassic deformation was
limited to the area of the Newnrk beds ; it mav have extended
some way on #ither side ; but it presumably faded out at no
great distance, for it has not been deteoted in the history of the
Atlantic and Misaissippt regions remote from the Newark belt,
In the district of the central folde of Pennsylvanin, with which
we are partionlarly econcerned, this deformation was probably
expressed in a farther folding armd over.pushing of the already
partly folded beds, with rupidly deereasing effect to the north-
west 3 and perhaps also by slip-faolts, which at the surface of the
ground nearly followed the bedding planes : but this is evidently
hypothetical to g high degres, The essential point for our sub-
stuent considerstion id that the Jurassic deformation was prob-
ably secompanied by a moderte elevation, for it allowed the
ercelon of the Newark beds wnd of laterally adjacent nreas as
well

11, Jura- Crotacesus denvduation.—In consequence of this ele-
vation, o new oyecls of erosion wis entered apon, which I shall
cull the Jurs-Cretaccous eyele. It allowsd the accomplishment of
a vast work, which ended in the production of a general Jowlanid
of denwdution, a wide area of faint relief, whose elevated rem-
nants are now to be seen in the evon ridge-crests that so strongly
chardeterize the ee “ral district, as well ue in certain other even
uplunds, now elobed by the erasion of 8 later evele of destructive
wark, T shall not here take spaee for the deliberate statement of
the srgument leadiog to this end, but its elements are as follows :
the extraordinarily persistent accordance wmong the crest-line
altrtudes of moany Medina and Carboniferoos ridges in the central
distriot ; the generally corresponding elovation of the western
platenu surfpee, itseif n surface of erosion, but now trenohed by
relatively deep and parrow valleys ; the generally uniform and
consigtent altitude of the nplands in the crystalline highlands of
northern New Jersey and in the South Mountains of Penmsyl-
vania ; and the extension of the wme general surface, descending
slowly castward, over the even orest-lines of the Newark b
ridges, Besides the evidence of lezs continental elevation thus
deduced Trom the topography, it may be noted that & lower stand
of the land in Cretaceous time than now ie indieated by the
erosion that the Cretnccous hads have saffered Tn consequence of
the elevation that followed their deposition. The Cretaceous
transgression in the western states doubtless bears on the problem
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also. Finally it may be fairly orged that it is more accordan
with what is known dbout old mountains in general to suppose
that their mass has stood st different sttitudes with respeot to
hase lovel during their long period of denudation than to suppose
that they have beld one attitude through all the time sinee their
deformation,

It is natural enough that the former mmntenance of some lower
altitade thau the present should have expression in the form of
the country, if tot now extinguishod by subsequent erosion. It
is simply the reverse of this statement that leads us to the abpve-
statedd comclusion, We may be sore that the long maintained
period of relntive guiet wis of great importance in allowing time
for the matnre adjustment of the rivera of the region, und henve
due acoount mist bo taken of it in a later section. 1 say relative
quiet, for there ‘were certainly subordinate oscillations of preater
or less value ; MeGee has detocted records of one of these abour
the begmome of Cretaseous time, bui its effects are not now
known to b of geographic value ; that is, they do not now mani-
fest themeelves in the form of the present surface of the land,
but only in the manner of deposition and ancient ervsion of ver-
tain deposits.® Another subardinate owrillation in the sense of »
moderate depression seems to have extended through middle
and Iater Cretdoeous time, resalting in an inland transgression of
the sed and the deposit of the Crethcvons formation unoonform-
whly o the previous land surface foru considerable distaneoe be-
vond the présant margin of the formationt This 1s myortant
is affecting our riviers,  Although these oscilintious were of con-
sidersble moulomieal value, T do not think that for the present
PIIT fioaes they call fur any primary division of the Jura-Creta-
opons eyele ; for as the resitlt of this long period of denudation
we find bot a single record in the great lowlaod of erosion abayve
deseribed, a record of prite importance in the geograplie devel.
aprment of our region, that will often be reforred to,  The surfacs
of faint relief then completed woay be called the Cretaceons hose-
level lowland, It may be pletured as a low, undulating plan of
wide sxtent, with a portion of ité Atlantie margin sobmerged
und coversd over with a relatively thin marine deposiv of sands;
marls and olays,

* Amier. Jour. Soience, xxxv, [888, 367, 445

FThis statement bs baswl on 8 study of the geographic evolution of
northeri Mew Jersey, in preparation for pahlication.
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|2, Tertiory elevation and denwdation.—This broad lowland
s a lowland no longer, It has been raised over the greater part
of ite area ante s highland, with an elevation of from ove to three
thonsand fect, sloping gently castwarnd and descending under the
Atlantic level near the present margin of the Cretacvour forma-
ton,  The elevation sesms to have taken place varly in Tertiary
time, and will be referred to as of that date. Opportunity was
then given for the revival of the previoosly exhausted forces of
denudation, and a8 & consequence we now sed the formerly even
surface of the plain greatly roughened by the incision of deep
valleys and the opening of broad lowlands on it softer rocks:
Cnly the harder rocks retmin indications of the even surface
which once stretched continuously across the whole area. The
best indication of the average altitude at which the mass stood
through the greater part of post-Cretacecus time i3 to he found
an the wesk shales of the Newark formation in New Jersey and
Pennsylvania, and on the weak Cambrian limestones of the great
Kittatinny valley ; for both of these areas have been sotually
almost baselevelled sgain in the Tertiary eyvele, They will be
referred to a8 the Tertinry baselevel lowlands ; and the valleys
corresponding Lo them, cut in the harder rocks, as well as the
rolling lowlands between the ridges of the central distriot of
Fennaylvamn will be regarded ss of the sume date. Whatever
variations of level oeearred in this evele of development do not
seemn to have left marks of importanee on the inland surface,
though they may have lad greater significance near the coast,

14, Later changss af level —Apain at ‘the close of Tertiary
vime, there was an elevation of moderate amoant, and to this tay
be referred the trenchies that are so distingtly cut peross the Ter-
tiary baselevel lowlguid lrj..' L fies lurg-l-'r rivers, as well as the lateral
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shallower channels of the smallér streams.  This will be callad

the Quaternary eyole ; and for the present no further mention of

the osciliations known to bave ocourred in this divison of time

need be eonsidered ; the reader may find careful diseussion of
i
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3, them in the paper by MebGee, above
"':r'fj referred to. It 35 proper that | should
‘3_‘;‘? adil thav the suggestion of boasetevel.
“"'.- fing both of the erest-lines and of the
~ - = lowlands, that | bave found so profit-
s abile in this and other work, 15 due

i largely to personal conferenee with
&;%':}Fﬁ, Mesnrs. Gilbert and MoGive of the Ge-
e ologieal Survey ; but it 15 not desired
. gl'é%&; to make them in nny way responsibli
~z3 for the statements here given.
e i, 14, Hiuwtrations of Pennayleanian
2 topography.—A few sketches made
o during a recent recess-trip with several
e —=xm students theough Pennsylvania may
. =gt beintroduced in this connection,  The
first, fiz. 4, iz a view from Jenny
- Jomp monntain, oo the northwestern
side of the New Jersey highlands,
lovking northwest across the Kitta-
tinny valley-lowland to Blue or Kit-
tatinny mountain, where it 1 cut at
'~ the Delaware Water-gap. The extra-
ordinarily level erest of the mountain
preserves record of the Cretaeeous
baselevel lowland ; stnee the elevation
of this ancient lowland, 1ts softer roeks
have, as it were, been etched out,
leaving the hanler ones in relief | thus
. the present valley-lowland is to be
explained. In consequence of the still
= later clevation of less amount, the
## Trelaware haz ecut a teeneh in the
present lowland, which is partly seon
to the left in the sketeh. Fig. 5 i a
goneral view of the Lehigh platean
* and eafion, looking soath from Bald
Mountain just above Penn Haven
Junction. Blue mountain is the most
distant orest, seen for a little space.
The ridges near and above Mauch
Chunk form the other outlines: all
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rising to nn astonishingly even altitude, in spite of their great
ﬂh‘r:‘rslt}' of steietnre,  Before the f.iiang |.':|,|_[u:_|.':|.| Wire BXei-

l-l'.'-.‘ 'HI"IHHW}_*'“'MIIIHM

Figj, &

vasted, the upland surface must have beon an even plain—the Cre-
taceous haselevel lowland elevated into s platenu. The villeys
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eut into the platean during the Tertiary eycle are narrow here,
because the rocks are mostly hanl,  The steep slopes of the cafion-
like valley of the Lehigh und the even orests of the ridges mani-
festly belong to different eveles of development, Fige 6 and 7
are gapa cul m Black Log and Shade mountam, by s small
npper hranch stream of the Juniata in sootheastern Huontingdon
county. The stream traverses a broached anticlinal of Medina
sandstone, of which these mountains are the lateral members, A
long narrow valley is opened on the axial Trenton limestone
between the two. The gaps are not opposite to each other, and
therefore in looking through either gap from the outer country
the even crest of the further ridge s seen beyond the axial valley,
The gap in Black Log mountain, fig. fi, is loosted on a small frac.
ture, but in this respect it is unlike most of s fellows.® The
striking similarity of the two views illustrates the aniformity that
so strongly charseterizes the Meding ridges of the eentral distrier,
Fig. 9is in good puart an idenl view, based on sketohes on the
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apper Susyquehanna, and designed to present a typical illustration
of the more significant features of the region. It shows the even
ereat-links of a high Meding or Poeono ridge in the background,
retaining the form given to it in the Oretwocous oyele ; the even
lowiands in the foreground, opensd on the weaker Sturo-Ievo-
nian rocks in the Tertinry eyele ; and the uneven ridges in the mid-
dle distance marking the Orickany and Chemung beds of inter
meidiate hardness that have lost the Cretacecus level and vet have
not been reduced to the Tertinry lowland  The Susquelinnns
flows distinetly below the lowland plain, and the amall side
streams run in narrow trenches of late Tertiary and Quaternary
date,

If thisinterpretation 18 accepted, and the Permian mountains
are seen to have been once greatly reduced and at o Iater time
worn out, while the ridges of to-day sre merely the relief left by

* Spoond Geal, Sury, Pa,, Report T, 18,
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the etching of Tertiary vallevs in a Cretaceons baselevelled low-
land, then we mav well conclude with Powell that * mountains
cAnnGt remain Iq:-u_g an mountaing 3 they are ephemeral topographice
formn"™*

Pant Tuian, (fenernd comeeplion of the history of a rioer,

5. The compilete eycle of viver life: youth, adolescence, wati-
rity and ofd age.—The general outline of an ideal river's history
may be now considersd, preparatory to examining the spocial
history of the rivers of Pennsylvania, as controlled by the geo-
logieal events just narrated,

Rivers are go long lived amnd survive with more or lesa modifi-
cation s0 many changes in the attitede and even in the strocture
of the lund, that the best way of entering on their divouszion
seems to be to examine the development of an ideal river of sim-
ple history, and fram the general features thus discovered, it may
then he pnmh't- to umravel the complex keguence of events that
lends to the present condition of actual rivers of complicated his-
tory.

A river that is estahlished on a wew land may be called sn ori-
ginal river. It must at first be of the kind known as a consequent
river, for it has no ancestor from which to be derived. Exzam-
ples of simple origina] rivers may be seen o young plains, of
which soutlivrn New Jersey Turnishies a fair illustration. Exam-
ples of essentinlly original rivers may be seen also an rejrions of
recent and rapid displacement, sueh as the Jura or the broken
country of southern Idaho, whers the directly conseqnent charne-
ter of the dreinage leadé us to eonclude that, if any rivers oecu-
pied these regions before their recent deformation, they were so
completely extinguished by the newly made slopes that we see
nathing of them now.

Onee established, an original river advances throngh s long
life, manifesting certain pecalinritien of youth, maturity and old
age, by which its successive stages of growth may be recogoized
without much difficulty. For the sake of simplicity, let us sup-
pose the land mass, on which an original river has begun its work,
stands perfectly stll after ita first elevation or delvrmation, and
a0 remaing until the river has completed its task of earrying away
nll the mass of rocks that ris¢ above its baselevel. This lapse of
time will be callod « d'.}"l_'ln in the life of o river. A mmplutg

* el Uints Mountains, 1876, 1)
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oyele 15 a long measure of timie in regions of great slevation or
of hard rocks ; but whether or not any fiver ever passed throngh
a single cyele of life withour interruption we nesd not now in-
quire, Our purpose 1 ounly o lesrn what changes it would ex-
perience if it did thus develop steadily from infaney to old aze
without disturbance,

In its infancy, the river drains its basin imperfectly ; for it is
then embarrassed by the original inequalities of the surface, and
Inker collect in all the depressions. At such time, the ratio of
evaporation to rainfall is relatively large, and the ratio of trans-
ported land waste to ruinfall is small.  The channels followed by
the streams that compose the river ns o whole are narrow and
shallow, and their number s small compared to that which will be
devoloped at a latorstage,  The divides by which the side-streams
arg separated are poorly marked, and in level countries are sur-
faces of considerable area and pot lines ar all. It is only in the
Inter matarity of a system that the divides are reduced 1o lines
by the consumption of the softer rocks on vither side, The differ.
enice between constructional forms and those forms that are due
to the action of denuding forees is in a general way so casily
recognized, that immaturity and matarity of 4 deainnes ares can
he readily diseriminated.  In the traly infantile drainnge system
of the Hed Hiver of the Nonh, the interstrenm areas are so abso-
lutely fiat thine water callsots on thom in wet weather, not having
either original structural slope or subsegquently developed de-
muded slope to lead it to the streams.  On the almost syually
youmg lava blocks of southern Oregon, the well-marked slopies
are- s vet hardly channeled by the dow of ramm down them, anid
the depressions amniyr the tlted blocks are still undrained, s
filled] basins

Al the river becommes adoleseent, ity channels ari despened and
all the larger omes deseend clode o baselevel.  If local contrasts
of hardness allow a quick deepening of the downstream part of
the ehannel, while the part next op-stream resists arosion, o oms-
ol or waterfall results @+ but Hke the Inkes of varlive vouth, it ix
evanescent, and emdures bot o small part of the whole eyele of
growth ; but the falls on the small headwater streams of b large
piver may list into its matority; jnst as thers are young twigs on
the branches of o large tree. With the deepening of the rhan-
noels, there comes an incrense in the sumber of solleye on the
stopes of the channel ; the galleys grow into raviees and these
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moo sule valleys, joining their mastor streams ot right angles (L
Noé and Margerie).  With their continned development, the ma:
turity of the syetem s reached ; it s marked by an almost oom-
plete sequisition of every part of the original constructional sur-
face by erosion amder the guidanee of the streams, =o that every
drop of rain that falls finds 8 way prepared to lead it to a stream
and then to the ceean, ita goal.  The lakes of wtial imperfection
have long sinee disappesred ; the woterfalls of adolescence have
been worn back, unless on the still young beadwaters.  With the
inorease of the number of sidestreams, ramifving into all parts of
the drainage basin, there is 4 proportionate imerease in the surface
of the valley slopes, and with this comes an inerease in the race
of waste under atmospherio forees ; benee it i at maturity that
the river veceives and earrics the greatest load ; mwideed, the in-
crease miy be earried so far that the Jower trunk-stream, of gentle
slope in its early maturity, is unable to earry the lond bronght to
it by the upper bratehes, and therefore resorts to the temporary
expirdient of laving it aside juoa Qood-plaa,  The level of the
fAond-plain is sometimes built up facter than the small sile-strenns
of the lower course can fill their vallevs, and henew thev are con-
verted for a little distance above their mouths ioto shallow lakes,
The growth of the food-plain also reaults in cartving the point of
junction of tributaries farther and farther down stream, and o
last in turining laters] streams wside from the moin streany, some-
times forcing them to follow mdependent courses 1o the s
(Lombarlini).  Hut although thus separated from  the main
tronk, it wonld e no more mational 1o regard sach stremms as
independent rivers than it would be to regarid the branch of an
ald tree, now fallen to the zround in the detay of ndvancing age,
as an independent plant ; both are detsched portions of a single
individual, from which they have been separated in the normal
PrOCesEis of vrowth and decay,

In the later amd guicter old age of a river system, the waste of
the land s J-"i.-l:'ltﬂl;"ll s]lawer ':||1|." regson of the diminisbing slopes of
the valley sides ; they the headwster streams deliver less detritns
to the main channel, which, thus relieved, toms to 1ts postponid
task of carrving its former exovss of lond to the sea, and outs t1er
raves in its Aood-plain, preparatory to sweeping 1t away, It does
nat alwavs find the buried chaonel again, and perhaps sottling
down on a low spur a little 1o one side of its old hine, produces
rapid or a low fall on the lower glope of such an obstruction
(Penck), Sueh eouwrses may he called locally superimposdil.
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It is enly during maturity and for a time before and afterwards
that the three divisions of & river, commonly recognired, appear
most distinetly ; the torrent portion being the still young head-
water branches, growing by gpawing backwards at their sources ;
the valley portion proper, where longer time of work has enabled
the valley to obtain a greater depth and width ; snd the lower
flood-plain portion, where the temporary deposition of the oxevss
of load is made antil the netivity of middle life is pust,

Maturity sesms 1o be's proper term to spply to this long en-
during stage ; for as in organie forms, where the term first camae
into use, it here also signifies the highest development of all fune-
tions between a vouth of endeavor towards better work and an
old age of relinguishment of fullest powers, It is the matare
river in wlach the rainfall is best Tead away to the ses, and which
carries with it the greatest load of land waste ; it is ot matority
that the regular descent and steady flow of the river in bewt de-
veloped, bieing the lvast delayed in lakes and least overhurried in
impetuous falls,

Maturity past, and the power of the rivér is ou the deeay.
The relief of the land diminishes, for the streams no longer
deepen their valleys although the bill tops are degraded ; and
with the general loss of elevation, there is a failore of minfall 1o
a certain extent ; for it is well known that up to certuin consider-
able altitudes rainfall inerenses with height. A hyetographic and
a hypsometric map of o country for this reason show a marked
correspindence.  The slopes of the headwaters decrease and the
villey mides widen so far that the land waste descends from them
slower than before, Later, what with feilore of rainfall and de-
erease of slope, there is perhaps a retarn to the early Imperfection
of draingee, and the number of side streams diminishes as branches
fall from a dying tree.  The food-plaing of matarity are carried
down to the sea, and at last the river setties down to an old age
of well-earsed rest with gentle flow and light load, little work re-
maitiing to be done.  The great task that the river entered upon
18 tompleted.

1. Mutual adjustment of river courses.—In ovrtzin structures,
chiefly those of mountainous digorder on which the streams are at
first igh above baselevel, there is a process of adjustment ex-
tremely characteristic of quiet nver development, by which the
down-hill courses that were chosen In early life, and as we may
say umedvisedly and with the heedlessness and little foresight of
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youth, are given up for others better fitted for the work of the
mature river system. A change of this kind happens when the
young stream taking the lowest ling for ite guide happens to flew
on a hard bed at n eonsiderable height above baselevel, while its
branches on one side or the other bave opened channels on softer
beds: o part of the main channel may then be deserted by the
withdrawsl of its upper waters to a lower eourse by way of a
side stream.  The change to botter ad justment adso happens when
the imitial eourse of the main stream 15 much longer than a eonrse
that may be offered to its npper portion by the backward gnaw-
ing of an adjacent stream (Liwl, Penck), Sometimes the lateral
l_"l.llT_illg' i |:-1.|11|.E.liﬂh that characterizes the mamn trunk of 4 mature
river gives it possession of an adjocent amaller stream whose bed
i¥ at n higher level (Gilbert), A general account of these pro-
cesses may be found in Phillippaon's serviecable “Studien fdber
Wasserscheiden 7 (Leipzig, 1886). This whole matter is of much
importance and deserves deliberate examination. It should be
remembered that changes in river courses of the kind now re-
ferred 1o are uneonneeted with any external distarbance of the
river basin, and wre purely normal spontaneoss neta during ad-
vancing development. Two examples, pertinent to our special
study, will be considered.

Let AB, fig. %, be a dtream whose initial consequent econrse led
it down the gently sloping axial trough of a syneline. Tha con-
struetional surfnee of the syneline is shown by contours,  Let the
auvoession of beds to be discoversd by erosion be indiested ina
seotion, lmid in proper pesition on the several dingrams, but
revolved into the horizontal plane, the harder beds being dotted
and the baselevel standing at 00, Small side stremms will soon
be developed on the stopes of the syneline, in positions determined
by cross-fractures or more often by what we call aeccident ; the
actiom of streams in - similar synelines  on the outside of the
enclosing anticlines will be omitted for the sake of simplieity,
In time, the side streams will ont throngh the harder upper bed M
and enter the softer bed N, on which longitudinal channels, indi-
cates] by hachures, will be extended aloug the strike, fig. 10 (La
Noé and Margerie).  Let these be ealled “sbsequent ™ streams,
Consider two side sireams of this kind, C and D, beading against
each other at E, one joining the muin stream lower down the
axis of the syncline than the other.. The headwaters of O will
rob the headwaters of 1), becanse the deepening of the channel
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of D is retarded by its having to join the main stream at n s
where the hard bed in the axie of the fold holds the main channel

."/ﬂh

Fra. i Fra. 1

well alwve basclevel.  The noteh cat by 1) will then be changed
from a water-gap to a wind-gap and the upper portion of D will
find exit throagh the noteh cut by O, as in fiz. 11, As other sub-
sequent beadwaters make capture of €, the greater depth to which
the laternl valley i= ent on the soft rock esnses g slow migration
of the divides iy the abamloned gaps townrds the madn stresm,
tid boefore long the upper part of the main stream itself wil] be
led ot of the svnelinal axis to follow the monoelinal valley: at
ome side for u distance; fig. 12 until the axis oan b resjorined
through the gap where the axial portion 6f the controlling hard
bed s near or at baselevel, The opper part of the synelina
tronzh will thon be attecked by undercutting on the slope of the
quickly deepened channels of the lateral streams, and the hard
bedd will be worn away iu the higher part of the axis before it is
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consnmed in the lower part. The location of the snocessful
lnteral stresm on one or the other side of the svucling may he

3|

Fig V1. Fiw 13 Fias, 13,

determined by the dip of the heds, gaps heing ent guicker on
steep that on gortle dips, I another hard bed s eneonntered
Velow the saft one, the process will be repegted ;- and the mature
arrangement of the streams will e as in fige 13 (on a smaller
sealee than the presediog), runping obliquely off the axie of the
fold where a hued bod of the sypoline rises ahove baselevel, and
returuing to the axis where the haed bod is below or ot baselevel ;
a monoelmal stream wandering ;_t:l‘:l.ulll.rl.]]:; from the axis along the
strike of the soft bed, AK, by which the sidievalloy s Jocated
and returpimg abraptly to the axis by a carnelinad® stream moa

* Bee the telminolopy sugprette] by Powsll, Expl, Cul, & of the Weat,
183G, UH)L,  This terminology s applicable gnly to the most detailed

stiwdy of onr rivers; by renson of thelr crossing: so miany Tolds, jid
changing so often from lopgituiinal to tennsVerse ool
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trunsverse gap, EB, in the next higher hard bed, and there
rejoaning  the diminished representative or survivor of the
original axial or synelival stream, GH,

17. Termidnology of vivers changed by adivatment.— A special
terminology i& needed for easy reference to the severul parts of
the streams eonvernied in sueh an ndjustment, Let AB and
CD, fig. 14, be strenms of unequal sise cutting gaps, T oand G, In
w ridge that lies pransverse to their course.  CD) being larper than
AB will deepen its gap faster.. Of two subsequent streams, JE
and AF, growing on the up-stream side of the ridge, JE will have
the steeper glope, beranse it joins the decper master-stream,  The
divide, J, will therefore he driven towands AB, and if all the
conditicns concerned conspire favoribly, JE will &t last map AB
at F, and lead the upper part, AF, ont by the line FEGD, fig. 175,

: ||i| Hah I:I.-I. I[:'|: |I'-:J:il
s AR R e kL
i =LA 1'|r:£2m'.' i

e

Fig, 14, Fia. 15

through the deeper pap, G We may thon say thit JE becomes
tho divertor of AF, which is diverred @ and when the process is
eompleted, by the transfor of the divide from J, on the soft rocks;
to a stable loestion, H, on the hard rocks, there will be a short
drreried strenm, HF : while HB s the remaining bfl.ﬁfqnfrd_Paniﬂl:l
of the original stream, AB, and the water-gap of AB beeomes u
wind-gap, I It is very desirable that geographie oxploration
shiould discover examples of the process of adjostment in it
soveral stuges.  The preparatory stage is easily recognized by the
difference in the size of the two wain streams, the differones in
the depth af therr gaps, and the unsvmmetrical pusition of the
divide, J.  The very briel stape of transition gives us the rare
cxamples of Lifureating streums.  For & short time after capture
of the diverted stresm by the divertor, the new divide will lie
hetween B oand H, in an unstable position, the duration of this
time depending on the energy of the process of eapture,
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The eonsequences resulting from readjustments of this kind by
which their recent pecarrence can be detected are : a relatively
sudden inerease of volnme ol the divertor amd hence a mapid
deepening of the course of the diverting stream, FE, and of the
diverted, AF, near the point of capture ; small side-streams of
these two being unnble to keep pace with this change will join
their masters in local rapids, which werk up stream gradunily
and fade swayv (Lowl, Penck, MeGee). The cxpanded portion,
EDy of the larger stream, CD, alroadv of faint slope, may be
locally overcome for a time with the inorense of detritus that will
b thus delivered to it at the sntrance, E, of the diverior ; while
the beheaded stream, HB, will find itsell embarrassed 1o live np
to the habits of its large valley [Heim]. Geographic exploration

- \ -
- —T L0
A ﬂ Al

Fin. 14, Fri 11, Fig 1B

with these matters in mind offers oppartunity for the most
artractive disooveries,
L&, Eramples of wdjustment — Another oase is roughly figured
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in the next three disgrams, ties, 16, 15, 158, Two adjacent syn-
elinal streams, KA and B, join o transverse master stream,
hat the synchnes are of different, forms ; the surface axiz of one,
EA, stunds at some altitude above lnselevel until it nearly rolhelies
the placve of the tragsvorse steeam § owhile the axis of the other,
HB. desoends niegr baselevel at s considerable distance from the
transverse stream.  As lateral vallevs, E and D, are openad on
the antieline between the synelines by o process simalar 1o that
already describwed, the divide separating them will shift towards
the stresm of famter slope, that s, towards the synoline, KA,
whose axis holde its hard heds above hasiclevel : and in time the
upper part of the main stevam will be withdrawn from this syn-
eling to follow an easier course by erossing 1o the other, as in fig
1%, 1f the elevation of the synelinal axis, AES, take the shapo of
n long flat arch, descomding st the further end into a svnelinu
lake basin, 8, whose ontlet is along the arching axis, SA, then
the maturé arrangement of stream courses will lead the lake
cuthet away from the axis by some gap in the noarer ascending:
part of the nrch where the controlling hard bed falls near 10
basclevel, as at F, fig. 18,* and will take it by some subsequent
cotiree, FI), avrosa the lowland that s opensd on the soft heds
between the synolines, and curry it into the lower syneline, HE;
at I where the hard beds deseend below haselevel,

The variety of adjustments following the geneenl principle
here indieated s infinite.  Changes of greater or less value are
thus introduced in the imitial drainage arcas, until, after sttainimge
nn attitude of equilibriom, further change is arcested, or if ooour.
ring, 18 relatively insignificant. It should be noticed that the
new steeim courses thus chosen sre pot nmmed by any of the
terms now gurrent to express the relation of stream mnd Iand his
vory 3 they are neither consequent, antecedent nor superimposad.
The stream i& traly still an original stream, although no longer
yvoung : but its shannel 1= notan all parts #trictly consequent on
the initial congtructionad form of the land that it drains.  Streams
thus rearcanged may therefore be named original streame of
mnture adjustment.

It should be clearly recognized that the process of adjustment
is o very slow one unless measored in the extremely long units

* This figure wounld be mproved if a greater nmount of wasting

arvund the margin of the hard bed were indicated In comparison with
the preceding figure.
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of a mvers life. It progresses no faster than the weathering
awny of the slopes of o divide, nnd here as o rule weathering is
deliberate to sav the least, unless aecelerated by a fortunate com-
hination of favoring conditione. Among these conditions, great
altitude of the mass exposd to erogion stands first, and deep
channeling of streams below the sarface—that 15, the adoleseent
stage of drainage development —stands second.  The opportunity
for the lataral migration of a divide will depend on the ineguality
of the alopes on it two sides, and herne the most important fae.
tors are length of the two oppesite stream conr<es from the water
parting to the common baselevel of the two, and inequality of
strueture by which one stream may have an vasy course and the
other o hard one, It s manifest, that all these conditions for
active shifting of divides are best umited in young and high
mountain ranges, and henee it s that river adjustments have
been found and studied more i the Alps than elsewhers,

19, Ravivad of rivers by elevation and dreowning by depression,
—1I make no contention that any river in the world ever phssed
through a simple nninterrupted ovele of the oederly kind hers
deseribed. Bat by examining many rivers, some voung and
some old, T do not doubt that this portrayal of the ideal would
be found to be fairly correct if opportunity wero offered for its
development, The intention of the sketeh s wmply o prepare
the way for the bettor understanding of our actunl rivers of more
complicated history.

At the elose or at any time during the passage of an initial
evele such us the one just considered, the dramige sres of a river
svtemn muy be bodily elevated. The river is then tormed back
to a new youth and enters a new eyele of development. This is
an extremely common oceurrence with rivers, whose life 14 40 long
that they eommonly votlive the doration of b quiescent stage in
the history of the land. Such rivers may be oalled revived
Examples muy be given in which streams are now in their secoud
ar third period of revival, the elevations thar separste their ovoles
following so soon that but little work was aceomplished n the
quiescent intervals

The antithesis of this s theé offect of depression, by which the
lower course may be drowoed, flooded or fjorded.  This change
is, if slow, favorable to the development of flood-plaing in the
lower course ; but it 8 not essential to their prmiuﬂiml. If the
change is more rapid, open estuaries are formed, to be trans.
formed to delta-lowlands later on.
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2y, Bpportunity for e adpusteeents oith reefdal —UOne of
Lhie piwost eotmmion offeete of the revival af a river |:|-.'|.' gullwml ele-
vation is a hew wdjustment of s course to nogreater or less
exlent, 25 a result of the new relation of baselevel to the hard
and soft beds on which the steeams” had aidjustid thenmmelves in
tho proviows oyele.  Syvoelinal monntaing arée most eamly ex-
pdmined as results of dminsge changes of this kind [Scienee, Dee,
2ist, 1e=58].  Streams thus rearranged may be said o be sdjusted
thirpmgh elovation or revival, It is to be hoped that, gs our study
advances, single names of brief asd appropriate form may
replace these paraphrases ; but at present it seems advisable to
kewp the desived ides before the mund by & deseriptive plirase,
even at the saerifioe of brevity. A significant example may be
desryibd,

Let ot be supposed thoet nn originally consequient river system
hos Tivead suto advanced maturity oo a surfiace whose stracture is,
like that of Pemnsyvivanm, composed of olosely adjncent anticlinal
ard syochinal folds with msing and falling axes and that a series
of particularly resistant beds composes the upper members of the
folded mass. The master strewm; A, fig. 10, at matnrity still
redides where the ofiginal folds wers lowest, hut the side streams
have rh.-phrlwl more less from the axes of the synclioals that they
fitst Tolliswad, i wreordance withy the prioviplés of pd justment
presented above,  The relief of the surface is moderate, exeept
aromaud  the svnelinal troaghs, where the rising moargins of the
hard beds still appear as ridges of more or legs prominence. The
atinute hachures in Hgure 19 ane deawn on theonterop eide of
these ridges. Now sappose o general elevition of the rogrion,
lifting the synelinal tronghs of the bard heds up o baselevel or
even somewhnt above it The deepening of  the revived master
stream will be greatly returded by resson of its having to oross
s mnny onterops of the hard beds, and thus exeellent opportunity
will he given for readjustiment by the growth of some diverting
stream, 1, whese begming on sdjacent softer rovks was ulready
made i the previons evele,  This will eapture the mam river st
sume np-stream point, amnd draw it nearly all away from jis bard
peith across the synelingl troughs to an easier path seross the low-
Inmids that had been opened on the underlying softer beds, ledving
ouly n small hebvaded remnant in the lower course. The final
re-drrangement may be indicated in fig. 20. It shoold be noted
that every capture of branches of the initial msin stream made
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by the diverting stream adds toita ability for further encroach-
ments, for with increase of volume the channel is deepened and a

Fig. 18, Fia. 20,

flntter slope 18 assumed, and the whole process of pushing away
the divides is thereby accelerated. In general it may be said
that the larger the stream and the less its elevation above bhase-
lovel, the less hikely is it to be diverted, for with large volome
and small elevation it will early oot down ite channel so elose to
baselevel that no other stream can offer it p better course to the
sen ; it may also be said that, as u role, of two equal streams, the
headwaters of the one having a longer or & harder course will be
diverted by & branch of the stream on the shorter or easier
course,  Every case muost therefore be exnmined for iteplf befors
the kind of re-arrangement that may be expected or that may
have already taken place oun be discovered.

21, Antecedent and superimposed rivers.—It not infrequently
happens that the surface, on which a drainage system is more or
less fully developed, suffers deformation by tilting, folding or
faulting. Then, in accordance with the rate of disturbance, and

17
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dependent on the size and slope of the streams and the resistance
of the rocks, thu streamas will be more or less re-arranged, some
of the larger ones persisting in their eourses and eottipg their
channals down almost ne Tast a5 the mass below them 15 rained
and offered to their action. It 18 manifest that streams of large
volume and eonsiderable slope are the ones most likely to per-
severe in this way, while small streams and large ones of mod-
ernte slope may be turned from their former eourses to pew
courses oconsequent on the new constructional form of the land.
Hence, ufter u disturbanee, we may expect to find the smaller
streams of the former eyele protty completely destroyed, whily
some of the larger oned may still persist ; thede would then be
called antecedent streams in aocordance with the nomenalature
introduced by Powell.* A [uller acquaintance with the develop-
ment of oor rivers will probably give us examples of river B¥A-
temu af all degrees of extinction or persistence at times of dis-
turbanoe,

Bince Powell introduced the idea of antecedent vallewvs and
Tietee, Medlicott and others showed the validity of the expluns.
tipn in other regions than the one {or which it was first proposed,
it hus found muech neceptance. Lowl's objection to it does not
seem to me to be nearly a0 well founded as bis sugerestion of an
additional method of river development hy means of bnekward
headwater erosion and subsequent capture of other streams, as
already described. And yet I cannot help thinking that the ex.
planstion of transverse valleys an sotecedent courses aavors of
the Gordisn method of oxpluning o diffionlt matter. The egae
of the Grreen river, to which Powell first gave this explanation,
wooms well supported ; the examples given by Medlicott in the
Himalayas are as good : but still it does not zeem advisable to
explain all transverse streams in this way, merely because they
are transverse,  Perhaps one reason why the explanation has
beeome #0 populsr is that it furnishes an escape from the old
eatastrophio idea that fractures control the loeation of valleys, and
is at the same time fully accordant with the ideas of the uniform-
itarian school that have become current in this half of our eeg-
tury. But when it is remembered that most of the streams of a
region are extinguished at the time of mountain growth, that
only a few of the lurger ones can survive, and that there are
other ways in which transverse streams may originate,} it is evi-

* Exploration of the Colornda River of the West, 1875, 158, 183-188
} Hilber, Pet. Mitth., xxxv, 1880, 18.
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dent that the posmbility of any given transverse siream being
untecedent must be regarded only as a suggestion, until some inde-
pendent evidence is introduced in it favor. This may be difficult
to find, but it certainly must be searched for ; if not then forth-
coming, the best conclusion may be to leave the case open until
thi evidenes appears. Certainly, if we find a river course that is
aocordant in its location with the complicated results of other
muthods of origin, then the borden of proof may be said o lie
with those who would maintain that an antecedent origin would
locate the river in eo specialized & manver. Even if a river per
sigt for a time in an antecedent course, this may not prevent its
being afterwards affected by the various adjustments and revi.
vale that have been explained above : rivers so distinctly ante-
cedent as the Green and the Sutlej may bereafter be more or less
sffected by processes of adjustment, which they are not yet old
enough to experience. Henoe io mountaims as old as the Appals-
chians the courses of the present rivers peed not ecincide with
the loeation of the pm-Pﬂrnﬁlm nvers, even if the latter por.
wisted in their courses through the growth of the Permian fold-
ing ; subaequent elevations and adjustments to hard beds, st first
boried and unseen, may have grestly displaced them, in accord-
anve with Liwl's principle,

When the deeper channelling of & stream discovers an uneon-
{ormable subjacent terrane, the streams persist at lesst for a time
in the eourses that were determined in the overlying mass ; they
are then called suporimposed (Powell), inherited (Shaler), or
epigenetic (Hichthofen). Such streams are particalarly liable to
readjustment by transfer of channels from counrses that lead them
over hard beds to others on which the hard beds are avoided ;
for the first choiee of channels, when the woconformable sover
wae still present, was made without any knowledge of the buried
rock structure or of the difficulties in which the streams would
be involved when they encomntered it. The examples of falls
produced when streams terrace their food-plains and run on
buried spurs has already been referred to as superimposed ; and
the rivers of Minnesota now disclosing half-buried ledges here
and there mayv be instanced ss illustrating the transition stage
between simple consequent courses, determined by the form of
the drift sheet on which their flow began, and the fully inconse-
quent courses that will be developed there in the future.

49, Simple, compound, composite and complex rivers,.—Wae
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have thus far congidered an ideal rfiver. It now seems advisable
to introduce & few terms with which to indicate conmsely certain
well marked peculiarities in the history of actual rivers,

An original river has already been defined as one which first
takee possession of a land area, or which replaces 1 completely
extinguished river on a surfuce of rapid deformation.

A river mav be simple, if its dronage area s of practically one
kind of structare and of one age; ke the nvers of southern
New Jersoy. Such rivers are generally small. It may be com-
posite, when drainage arens of different structure are meluded in
the basin of n single stream.  This is the usnal case.

A compoand river is one which is of different ages in its differ
ent parta ; as certain rivers of North Cwroling, which have old
headwaters tising in the mountaing, and young lower courses
traversing the coastal plain.

A river i complex when it has entered a second or later evels
of development ; the besdwaters of a compound river are there-
fore complex, while the lower conrse may be simple, in its firsg,
eyele. The degree of vomploxity mensnres the numbor of oyveles
that the river has entered.

When the !t.ullij' of rivers is thos attempted, its NECEEEATY COfT-
plications may at first seem so great as to render it of no value ;
but in answer to this | believe that 1t may be fairly urged that,
although complicated, the results are true to nature, and if o,
we can have no ground of complaint agminet them.  Moreover,
while it is desirsble to reduoce the study of the development of
rivers to its simplest form, in order to make it avmlable for in-
struction and investigation, it must be remembered that this can-
not be done by neglecting to jovestigate the whole truth in the
hope of nvoiding too great complexity, but that simplicity can
be reached safely only through fullness of knowledge, if at all,

1t is with these points in mind that | have attempted to decipher
the history of the rivers of Pennsylvanis. We find in the Sus-
quehnuna, which drains & great area in the central part of the
state, an example of a river which 18 at onee composite, com-
pound and highly complex. It drains districts of divers strue-
ture @ it traverses districts of different ages; and it is at present
in its fourth or fifth degree of complexity, its fourth or fifth eyole
of development at least. In unravelling its history and search-
ing out the earfier conrses of stresms which may Liave long since
been abandoned in the processed of mature adjustment, it will be
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seen that the size of the present streams 18 not always a measare
of their previous importance, and to this we may aseribe the
difficulty that attends the attempt to decipher a river’s history
from genernl maps of its stream lines. Nothing but 8 detailed
examination of geological strocture and history suffices 1o detect
facts and conditivons that are essential to the understanding of
the result.

IT the postulates that 1 shall vse seem unsonnd and the argo-
ments seem overdown, error may at least be avoided by not
holiling fast to the conclusions that are presented, for they are
presented only tentatively, @ do mot feel hy any means sbso-
lutely [Jl.'l"ll.l.ll'l'l'l.'ﬂ of the correctoess of the results, but at the
same time deem them worth giving out for discnssion. The
whole investigation was undertaken 48 an experiment to see where
it might lead, and with the hope that it might lead at least to
a gerions study of olr river problems,

Part Formria.  The development of the mivers af Pennagloania;

2. Means of distingwishing botweeen ontevedent and adjustad
egnacguend rivers,—The outline of the geologienl history of Penn-
svivania given above affonds means of dividing the long progress
af the dpwlupmem af oaor rivers into the several cyoles whieh
make up their complete life,.  We must go far back into the past
and imagine ancient streams flowing down from the Archesn
land towards the paleomiic sea ; gaining length by addition to
their lower portious as the land wvew with the boilding on of
sgeessive monntain ranges ; for example, if there were a Cam-
bro-Silurizn deformation, a continnation of the Green Mountains
mto Penneylvania, we suppase that the pre-esistent streams must
i some manser have found their way westward to the new coast-
e : und from the date of this moontain growth, it is B parent
that any streama then Lorn must bave advanced foar in their
mistory before the greaer Appalachian disturbance began. At
the beginning of the lntter, as of the former, there must have
bevn streams anming from the land into the sen, and at times of
temporary elevation of the broad sand-flats of the coal meastres,
sich streams must have had eonsiderable addicons to their lower
length ; riging in long-growing Archean highlands or mountains,
enow-eapped and drained by glaciers for all we ean say to the
coutrary, descending soross the Green Mountain belt, by that
time worn to moderate relief in the far advanced stage of its
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topographic development, and finally flowlng scross the eonl-
measure lowlands of recent appesranoe. Tt waus noroas the lower
courses of such rivers that the Appalachisn folds were formed,
and the first step in our problem consists in deciding if possible
whether the streams held their conrses after the antecedent fash-
ion, or whether they were thrown into new courses by the grow-
mgr folds, so that & new drainage systen wonld ba formed.  Possi-
bly hoth conditions prevailed ; the larger streams holding their
courses livtle disturbed, and the wmaller ones disappesring, to be
replaced by others as the slopes of the growing sarface should
demand. It i nol easy o make choiee in this matter, To de-
cide that the larger strewms persisted and are still to be seen in
the greater rivers of to-day, only reversed in direetion of flow,
is cortainly n gimple method of treating the problem, but unless
some independent reasons are found for this choies, it savors of
assnmption, Moreover, it is difficult to believe that any streams,
even if antecedent and more or less persistent for a time during
the mountain growth, eonld preserve till now their pre-Appa-
Inohain eonrses through all the varying conditions presented hy
the alternations of hard and soft rocks through which they have
had to cut, and at all the different altitudes asbove baselsvel in
which they have stood. A better means of deciding the question
will be to admit provisionally the oecurrence of a completely
origmal system of consequent drainage, looated in perfeet accard
with the slopes of the growing mountaing; to study out the
changes of stream-courses that woold resolt from later disturb-
ances and from the mutual adjustments of the several membors
of such a system in the different eycled of ita history ; and finally
to eompare the ecoarses thus dedoced with those now seen, [f
thera be no wecord, either the method is wrong or the streams are
not oonsequent but of some other origin, sovh ns antecedsnt ; if
the accord between deduction and Tact be well marked, varying
only where no defimite locgtion can be given to the deduced
stresms, but agresing where they oan be located more precisely,
then it gcems to me that the best conclusion is distinetly in favor
of the correciness of the dednctions. For it is not likely, even
if it be possibile, that antecedent streams= should have acecident-
ally taken, before the mountains were formed, just such Jocations
as would have resulted from the subsequent growth of the moun.
taing and from the complex changes in the initial river courses
due to later adjustments, [ shall therefore follow the deduotive
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method thus indicated and sttempt to trace out the history of =
completely original, consequent svsatem of drainage accordant
with the growth of the central mountsin district.

In doing this, it is first necessary to restore the construetionul
topography of the region; that is, the form that the serface
would have had if no erosion had secompanied it deformation.
This involves certnin posiulates which muost be clenrly conesived
if any measure of confidence iy to be pained in the results based
wpon them.

24, Postulates of the argwment,—In the first pince, 1 sssume
an essentinl constancy in the thickness of the paleozoic sediments
over the eutire area in question. This is warranted here becanse
the kwown variations of thickness are relatively of a second
order, and will not affect the distribution of high and low ground
aa produced by the intense Pormian folding. The reasons {or
maintaining that the whole geries had a considerable extension
soithesst of the pressot margin of the Medina sandstone have
already been presented.

In the second place, T shall assume that the dips and folds of
the beds now exposed at the warface of the ground may be pro-
jected apwards into the air in order to restore the form of the
eroded beds.  This 1s certainly inndmissible in dewil, for it can-
not be assumed that the folded slates and limestones of the
Nittany valley, for instance, give any elose indication of the
form that the conl messures would have taken, had they extended
over this distriet, unworn, Bot in a geseral way, the Nittany
massif was o complex arch in the coal measures as well as in the
Cambrinn beds ; for our purpose and in view of the moderate
relief of the existing topography, it suffices 1o say that wherever
the lower rocks are now revealed in antiolinsl structare, there
wnas a great npfolding and elevation of the original surface ; and
wherever the higher rocks are still preserved, there was a relatively
small elevation,

In the third place, 1 sssume that by reconstroeting from the
oompleted folds the form which the vountry wounld have had if
unworn, we gain a sufficiantly definite picture of the form through
which it actually passed at the time of initial and progressivi
folding. The difference between the form of the folds com:-
pletely restored and the form that the surface sotnally reached 18
rather one of *degree than of kind ; the two must correspond in
the general distribution of high and low ground and this is the
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chief consmderation in our problem. When we remember how
acenrately water finds its level, it will be clearer that what is
needed m the discussion is the locxtion of the regions that weore
relatively rmsed and lowered, ns: we shall then have marked out
the general course of the consequent water ways and the trend of
the intervening constructionn] mdges,

Aceepling these postulates, it may be said in brief that the
outlines of the formations as #t present exposed are in offoet so
many contour lines of the old constructional surface, on whieh
the Permian rivers took their consequent courses,  Where the
Trenton limestone is now seon, the greatest amount of overlying
strats must have been removed @ hence the outline of the Trenton
formation is our highest contour line. Where the Helderberg
limestone appears, thore has been o less amount of maverial
removed ; hence the Helderberg onterop is s contour of less
¢hevation. Where the coal beds still are preserved, there has
been least wasting, and these beds therefore mark the lowest
contour of the early surface. It is manifest that this method
assumes that the present outerops are on o level surface @ this is
not true, for the ridges through the State rise n thoosand feet
more or less over the otervening valley lowlands, and yvet the
existing reliel does not count for moech in discussing the enormous
relief of the Permian surfuce that most have been messured in
tens of thousands of Teet ar the time of 115 greatest strength.

25, Clonstrudtional Permaoen -E-:r_:;lr.-.-,-?'.';tpﬁy il ronSgent drain-
e —A rough restoration of the early constructional topography
i# given in fig. 201 for the central part of the State, the tlosest
ahading being the area of the Trenton lmestone, indicating the
mghest ground, or better, the plases of greatest elevation, while
the Carboniferous area i anshaded, indieating the early Towlnnda
The I.'I'I.‘-['.'I-'J.I.]'I.'!J!I.l'.l." of northeast and seuthwest trends was then even
more progouneed than now,  Several of the stronger elerents of
form deserve pames, for conventent reference. Thus we have
che great Kittatinny or Cumborland bagnlond, O C, on the sonth-
east, hacked by the older mountens of Cambrian and Archean
rocks, falling by the Kittatinny slope to the evnelinal lowland
tronghs of the central district,  lu this. lower ground lny the
svmolinal troughs of the eastern conl reégions, and the more local
Broad Top basio, BT, on the ssuthiwesi, then better than now
deserving the vame of basips, Eﬂ:.ruml the ecorrogated srea that
connected the coul basing rose the grest Nittany highland, N,
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and its southwest extension in the Bedford range, with the
lems conspicoous Kishicoquilas highland, K, in the foreground
Beyond all stretched the great Alleghany lowland plains. The
named thos sugpested are compounded of the local names of to-
day and the morphological names of Permian time,

What wounld be the drainage of such o country ¥ Deductively
we are led to believe that it consisted of numerons streams as
marked in full lines on the figure, following synchinal axes until
some master sireams led them soross the intervening anticlinal
ridges at the lowest points of their erests and awny into the apen
country to the northwest. All the énclosed basing would hold
Inken, overflowing at the Jowest part of the rim. The ganwral
discharge of the whole systom wounld be to the northwest. Here
AgAIn we must resort to special names for the ensy indieation of
these well-marked features of the anclent and now spparently loat
drainage system. The master stream of the region is the great
Anthracite river, carrying the overflow of the Anthracite lakes
off to the northwest and there perhaps turning along one of the
fantly marked synelines of the platesu and joining the ariginal
Obio, which was thus confirmed in its previous loeation seross the
Carboniferons marshes. The svoelinnl streams that entered the
Anthracite lakes from the southwest may be named, begioning on
the south, the Swatara, 8, fig; 21, the Wicanisco, Wao, the Tus-
carora-Mahanoy, M, the Juniaw-Catawissa, C, and the Wyoming,
Wy, Oue of these, probably the fourth, led the overflow from
the Broad Top lake into the Catawissa lake on the middle Anthra-
eite river, The Nittany highland formed a strong divide between
the central and northwestern rivers, and on ita outer slope there
must have been streams descending to the Alleghany lowlands ;
and some of these may be regarded as the lower courses of Car.
honifercus rivers, that once rode in the Archean mountains, now
behesded by the growth of mountain ranges across their middle.

26. The Jura monsctaing homologous with the Permian Alle-
ghanice.—However willing one may be to grant the former
existence of such a drainage system a8 the above, an example of
# similar one still in existence would be acoeptable as a witness
to the possibilities of the past. Therefore we turn for o moment
to the Jura mountaing, always compared to the Appalachians on
neoount of the regular series of folds by which the two are char-
wierized. But while the initial topography is long lost in our
old mountains, it 15 still clesrly perceptible in the young Jurs,
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where the anticlines are still ridges and the lougitudinal streams
still follow the synclinal troughs ; while the transverse streams
oross from one synelinal valiey to another at points where the
intervening anticlinal arches are lowest.* We could hardly ask
for better illustration of the deductive drainage system of oar
early Appalachians than ix here preseuted.

7. Dhevelopment and adjustnent of the Permion droinags —
The problem is mow before ws. Cau the normal sequence of
changes in the regular course of river dovelopment, mded by the
pogt-Pormian deformations and elevations, evolve the éxisting
rivers out of the anvient ones ¥

In order to note the degree of comparison that exists between
the two, several of the lnrper rivers of to-day sre dotted on the
figure. The points of agreement are indeed few and small,
Perhapa the most important ones are that the Broad Top region
18 drained by s stream, the Juniata, which for a short distanece
follows near the course predicted for it ; and that the Nittany
dastriet, then a highland, is still a well-marked divide although now
a lowland. Bat there is no Anthracite river, and the region of
the ancient ecal-basin lakes is now avoided by large streams ; con-
versely, & great river—the Susguehanns—appears where no con-
sequent river ran in Permian time, and the early synelinal streams
frequently torn from the structaral trooghs to valleys located on
tha structural arches,

28. Laderal water gape near the apor of synclinal vidges.—ne
of the most frequent disceepancies between the bypothetieal and
actual streams i that the latter never follow the axis of o desoend-
ing synoling along ite whole length, ss the original streams must
havi done, hut depart for a time from the axis and then retarn
te it, notehing the ridge formed on uny hard bed at the side
mstead of at the apex of its curve aeross the axis of the syneline.
There is not u single case in the state of & strenm cotting a gap
at the apex of such & synclinal curve, but thére are perhapa hun.
drads of cascs where the strenma noteh the ourve Lo one side of
the apex. This, however, is precisely the armangement attained
by spontuneous ndjustment from an initial axinl course, a4 todi-
cated mn figure 13, The gaps may be loeated on amall transverse
faults, bot as a role they seem to bave no sueh guidance. It
true that most of our streams now run oat of and not into the

® This is beautifully illustrated in the recent monograph by La Nod
and Margerie on ** Les Formes da Termain ™
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wynelinal basing, but a reason for this will be found luter ; for the
present we look only at the location of the streams, not st ther
direction of low, As far as this illustration goes, it gives evidence
that the smuller strewms at least possess certain peculiarities that
eould not be derived from persistence in o previoos sccidantal lo-
cation, but which wonld be necessarily derived from a process of
adjustment follawing the original establishment of strictly conse-
quent streams.  Henee the hypothesis that these smaller streams
were long o sonsequent on the Permian folding TRCAIVES BOY-
firmation ; but this savs nothing as to the origin of the larger
rivers, which might at the same time he antecedent.

a9, Praparture af' the Juniata from the Juninta- Catawisss syn-
eline.—Tt may be next noted that the drainage of the Broad Top
region does not fallow 3 single syneline to the Anthracite reegrion,
as it should lsve in the initial stage of the consequent Permian
drainage, but soon turns aside from ‘tha syneline in which it
stnrts and Fons aeross country W the Susquehanna. It is troe
that in itz upper course the Junista departs (rom the Broad Top
region by one of the two synclimes. that were indieated as the
probable ling of discharge of the anciont Broad Top lake m our
restormtion of the sonstructional topography of the State ; there
does not appear to be any significant difference botwedn the summit
altitudes of the Tuscarors-Mahanoy and the Junista-Catawissn
synclinal axes and hence the choice must have been made for
reasons that cannot bie deteeted 3 or it may be that the svneline
Iying more to the northwest was raised lnst, and for this resson
wan taken ns the line of overflow. The beginning of the river 14
therefore not diseordant with the hypothesis of consequent
deningge, but the southwnnl departure from the CUatawissa
syncline st Lewistown remains o e explained, It seems to me
thit same reason for the departure may be forund by likening it
to the ense slrendy given in figs. 1618, The reveral syneiines
with which the Juniata i coneerned have precisely the relative
aititodes that are thore disdnssed.  The Juninta-Clitawizsa syn-
eline has parllel sils for many miles about its mudidle, and
henee mist haye long mainigined the initinl Juniats well above
haselevel aver sil this distanve ; the progress: of outtmg dewn @
channel through all the hard Cn ‘honiferous standetones for =o
great & distance alomg the axin must have been vxceedingly slow
But the svaelies next south, the Tusonrora-Mahanoy and the
Wisoniseo, plunge to the norcheast more rapidiy, as the rapid
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divergence of their marging demonstrates, and must for this
reason have carried the hard sandstones below baselevel in a
shourter digtance and on o steeper slope than in the Catawisss
syneline.  The further sonthwestward extension of the Pocono
sandstone ridges in the southern than in the northern svneline
gives further illostration of this peculiarity of form. Lateral
capture of the Juviata by a branch of the mitial Tuscarora, and
of the latter by a braneh of the Wiconiseo therefore seéma pos.
sible, and the accordance of the facts with so highly specialized
nn arrangement i certainly agsin indiontive of the correctness
of the hypothesis of consegquent drnionge, and this time in a
larger stream than before. At first smight, it appears that an
cusier latern]l oapture might have been made by some of the
streams flowing from the outer slope of the Nittany highland ;
but this becomes improbable when it i85 perceived that the heavy
Mudina sandstone wonld here have to be worn through as well as
the repeated arches of the Carboniferous beds in the many high
folds of the Seven Mountains. Agnin, us far a8 present appear-
ances go, we ean give no sufficient reasou to explain why posses.
sion of the headwaters of the Jonints was pot gaiped by some
subsequent stream of its own, such as G, fig. 15, instead of by a
side-siream of the river in the neighboring syneline ; bat it may
be admitted, on the other hand, that as far a8 we ean estimate
the chances for conquest, there was nothing distinetly in favor of
ung or the other of the side-streams concerned ; and ss long us
the problem is solved indifférently in favor of one or the other,
we may accept the lead of the fnets and say that some control
not now apparent determined that the diversion should e, ss
drawn, through ) and not through ;. The detailed loeation of
the Jumata in itz middle course below Lewistown will be con-
sidered in & later seotion.

30. Avoidanee af the Hroad Top basin by the Jumiata head-
watert—Another highly chamoteristic change that the Junista
has suffersd is revealed by examining the adjustments float
would have taken place in the general topography of the Hroad
Top distriot during the Perm-Triassic ovele of erosion. When
the basin, BT, fig. 22, was first oatlined, centripetsl strénms
deseended its slopes from all smdes and ther waters accumu-
Iated ss & lake in the center, overflowing to the east into the
subordinate basin, A, m the Juniata svncline along side.of the
larger basin, und thenee epeaping northeast. In due time, the
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hreaching of the slopes opened the softer Devonian rocks beneath
ard peripberal lowlands were opened on them, The process by
which the Junista departed from its original axial location, J,
A, 22, to a parallel ¢ourse om the svutheastern side of the syn.
cline, J, fig. 23, has becn deseribed (fig. 18), The subsequent
changes are manifest, Somwe Interal branch of the Juniata, like
N, fig. 23, would work its way around the northern ond of the
Broad Top eanoe on the soft underlying rocks and capture the
I::_inl stream, C, that came from the depression between Nittany
and Kishicoquillas highlunds; thus re@nforced, capture would be
made of o radial stream from the west, T'n, the existing Tyrone
beanch of the Juninta ; in a later stage the other streams of the
western wide of the basio would be acquired, their divertor eon-
stituting the Little Juniata of to-day ; and the end would be
when the oniginal Juniata, A, fig. 22, that once issued from the
subordinate synclinal as o large astream, bad lost all itse western
tnbutaries, and was but a shrunken beheaded remnant of a river,
now seen in Aughwick creek, A, fig, 24. In the meantimse, the

Fig, 43 Frg. %4

former lake basin was fast becoming a synelinal mountain of
diminishing penimeter. The only really mysterious courses of
the present strenms are where the Little Juniats rune in and out
of the western border of the Broad Top syoclinal, and where the
Frankstown (FT) bruneh of the Juninta maintains ite independ-
cent gap noross Tossey's mountain (Medina), although diverted 1o
the Tyrone or muin Juniata (Tn) by Warrior's ridge (Oriskany)
just below. At-the time of the early predatory growth of the ini-
tinl divertor, N, its sourse [ay by the very conditions of its growth
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on ouly the weakest rocks ; but after this little stream had grown
to & good-size] river, further nsing of the land, probably in the
time of the Jurnssic elevation, sllowed the river to eink its
charmel to a greater depth, and in doing o, it encountered the
hard Meding anticline of Jack's mountain : here it has sinee
persisted, because, as we may suppose, there has been no stream
ahle to divert the course of so large o river from its erossing of
sngle hard antielinal.

The donbt that one must feel s to the possibility of the pro-
cesses just outhined arises, if 1 may gaoge it by my own feeling,
rather from inecredulity than from direct objections. It seams
incredible that the waste of the valloey slopes should allow the
backward growth of N at such a mte as to enable it to eapture
the heads of C, To, F,and s0 on, efore they bad out their beds
down elose enough to the baselevel of the time to be safe from
eapture.  But it is difficult to urge explict objections agningt the
process or to show Its gquantitative ingufficisney. It must bhe re-
membered that whon thess adjustments wore going on, the region
was one of great altitude, its rocks then had the same strong
contrasts of strength and weakness that are &0 apparent in the
present relief of the surface and the streams concerned were of
moderate size ; less than now, for at the time, the Tyrone,
Frankstown and Bedford head branches of the Janinta had not
acquired driinage west of the great Nittany-Bedford anticlinal
axig, but were supplied ouly by the rainfall on its castern slope
(seet section 39)—and all these conditions conspired to favor the
ndjustment. Finally, while apparently extraordinary and dificult
of demonstration, the explanstion if applicable at all certainly
gives ritional correlation to & number of peeuliar and special
stremm conrses in the upper Junista distriot that are meaningless
nnder any other theory that has come to my notice. It is chiefly
for this reason that [ am inclined to aeeept the explanation,

AL, Reversal of larger vivers to southeast cowrses.—Our large
rivers at present flow to the southeast, mot to the northwest,
In is diffieult to find any precise date for this reversal of flow
from the initial hypothetioal direction, but it may be supgested
that it occnrred about the time of the Triassic depression of the
Newark belt.  We have been persuaded that much time elapsed
between the Permian folding snd the Newark deposition, sven
under the most liberal allowance for pre-Permian erosion in the
Newark belt ; hence when the depression began, the rivers must
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have had but moderate northwestward declivity, The depres-
sion and submergence of the broad Newark belt may at this time
have broken the oontinuity of Lhe streams that once Howed
sorosy it The headwater streams from the ancient Archean
country maintained their courses to the depression; the lower
portions of the rivers may alsp have gone on as before ; but the
middie conrses were perhaps tarned from the central part of the
atate back of the Newnark belt, No change of attitude gives so
fitting & vause of the southesstward flow of our rivers as this
The anly test that I have been able to devise for the sugirestion is
one that ie derived from the relation that exisis between the loes-
tion of the Newark Lelt along the Atlantio slope and the course of
the neighbormg trapsverse rivers, I[n Pennsylvania, where the
belt reaches somewhst beyond the northwestern margin of the
ervatalling rocks 1 South mountain, the streams areé reversed, as
above stated : but in the Caralinas where the Newark belt lies far
to the east of the boundary between the Cambrinn aod erystal-
line rocks, the Tennessee streams persevere in what we suppose
to have been their origimal direetion of flow, This may be
interprotedd a8 meaning that in the latter region, the Newark
depression was not felt distinetly enough, if at all, within the
Alleghany belt to reverse the How of the streams ; while in the
former region, it was searer to these strenma and determined o
change in their courses,  The original Anthracite river ran to the
northwest, bat its middle course was afterwards turned to the
southeast.

Iam free to pllow that this hes the appenrance of beaping
hypothesis on hypothesis ; hut in no other way does the analysis
of the history of our streams seem possible, and the suceess of
the experiment ¢an be judged only after making it. At the
sime time, 1 am eonstrained to admit that this is o my AWH View
the least satisfactory of the suggestions bere presented. Tt may
b porrect, hut thers seems L0 bo no soffictent exelusion of other
possibilities.  For examples, it must not be overlooked that, if
the Atthracite river ran soutbeast during Newurk deposition, the
formation of the Newark northwestward monoeline by the
Jurazsic tilting would have had & tendeney to turn the river
beck again to its porthwest low. But as the drainage of the
region i still southeastward, 1 am tempted to think thst the
Jurassic tilting was not here strong enough to reverse the flow of
#0 strong and mature a river a8 the Anthracite had by that time
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comee to be o and that the clevation that aveompanied the tilting
was not so powerful in reversing the river to a northwest course
iis the previous depression of the Newark basin had been in
turuing it 1o the southeasr If the Anthracite did econtinue to
flow to the sonthesst, it may be added thar the down-cutting of
s unper branchies was greatly retarded by the decrease of slope
i s lower conrse when the monocline was formed,

The only other method of reversing the original northwest-
ward flow of the streams that 1 have imagined is by capture of
their hoadwaters by Atlantie vivers.  This seems to me less effec-
tive than the method just eonsidered ; hut they are not muto-
ally exclosive and the aotaal resalt may be the sum of the two
processes.  The outline of the idea is as follows.  The long eon-
tinued supply of sedimentary mutenal from the Archean land on
the southeast implies that it was as continually clevnted. But
there same & time when- there 15 oo record of fuarther supply of
material, and when we may therefore suppose the elevation was
no longer mamntained., From that time onward, the Archean
range must have dwindled away, what with the encroachment of
the Atlantic on its eastern shore and the geperal action of denud-
ing forees on its surface, The Newark depression was an effee-
tivee awl to the sapke end, ae hos been stated above, sand for a
moderate distance westward of the depressed belt, the former
direotion of the streams musi certainly have beén reversed ; but
the guestion remaing whether this reversal extended ns far as the
Wyoming basin, snid whether the subseguent formation of the
Noewark monochoe did pot undo the affeet of the Newark depres-
sione, It 13 manifest that as far as our limited knowledge goes, it
w impossible to estimate these muatters gquantitstively, and hence
the tmportance of looking for additional- processes that may sup-
plement the effect of the Newark depression and counteraet the
cffect of the Newark uplift in changing the course of the rivers
Let it be supposed for the moment thoat at the end of the Jurassic
uplift by which the Newark monocline was formed, the divide
Bwtween the Obio and the Atlantie drainage lay about the middle
of the Newark belt.  Thers was a long gentle descent westward
from this watershed and a shorter and hence steeper descent eanat-
ward, Uwpder such copditions, the divide must have been pushed
westward, and ns long as the rocks were so exposed as Lo open
areas of wenk sedimenta on which vapture by the Atlantic streams
could go on with relative rapidity, the westward migration of the

18
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divide would be important.  For this reason, it might be carried
from the Newark belt s far as the present Alleghany fromt,
heyand which further pushing would be slow, on account af the
brogd streteh of country there covered by hard horizontal beds

The end of this is that, under any of the gircumstances here
detailed, there would be early in the Jurmssic-Cretaceous eyele o
distmot tendenoy to o westward migration of the Atlantie-Ohio
divide ; it 18 the consequences of this that have now to hé
examined,

42 Clapture af’ the Anthracite hoadwaters by the growing Sus
guehanna.—Throoghont the Perm-Triassio period of denudation,
a groat work was done in wearing down the original Alleghanies,
Anticlines of hard sandstone were bresched, and broad lowlands
wers apened on the softer rocks beneath. Little semblanes of
the early constructional topography remained when the period of
Newnrk depression was brought to a elose ; and all the while the
headwater streams of the region were gnawing at the divides,
secking to develop the most perfect arrangement of waterways,
Several adjustments have taken pisee, aod the lurger stroams
have been reversed i the direction of their How ; but 3 maore
sorions problem is found in the dieappesrsnce of the original
master stream, the great Anthraeite river, which must have at
first led away the water from all the lateral synelinal streams.
Being a large river, it eould not have been easily diverted from
ith eourse, unless it was greatly retacded in eutting down its
channel by the presence of marny beds of hard rocks on its way,
The following considerntions may perbaps throw some light on
this obscure point

It may be assumed that the whole group of mountaing formed
by the Permian deformation had been reduced to a moderate
relief when the Newark deposition was stopped by the Jurassic
elevation, The harder ribs of rock doubtless remained as ridpres
projecting above the intervening lowlands, but the strongth of
relief that had been given by the constmetional foroes had
been lost, The general distribution of residual elevations then
remaiming unsobdoued v indicated n fig., 25, in which the
ﬂq‘ﬂ.u.lli.un, the Medina, and the two Carboniferons sandstone
ridges are denoted by appropriste symbaols, In restoring this
phase of the sorface form, when the country stood lower than
now, I have reduced the anticlines from their present outlines
and inereased the sypclines, the change of wrea bhemng made
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greatest where the dips are least, and benve most apparent at the
ende of the plunging anticlines gnd synclines, Some of the
Medinag antichines of Perry and Junists counties pre not indi-
cated because they were not then uncovered. The country
between the residual ridges of Jurassie time was ehiefty Cam-
brinn imestone and Silure-Dévonian shnles and soft sandstones
The moderate ridged developed on the Oriskany and Chomung
sundstones are not represented. The dramage of this stupe
retained the orjrinal courses of the streams exoopt for the
adjuostments that have been deseribed, but the great Anthracite
river is drawn as if it had been controlled by the Newark depres-
gion and reversed in the dirsetion of its How, wo that its former
upper course on the Cambrian rocks was replaced by 4 superim-
pored Newark lower eourse, Fig. 28 therefore represents the
streams for the most part still following near their synolinal axes,
althongh departing from them where they have to enter a eynali-
nal cove-mountain ridge ; the hendwaters of the Juniata avoid
the mass of hard sandstones discovered in thé bottom of old
Broad “U'op lake, and flow around them to the north, and then by
4 OrOSS-00UNIrY O0UTrEe Lo the Wiconiseo :;anlinﬂ.l., e |Imm1:f
deseribed in detnil. Several streams come from the northesst
sutering the Anthracite distriet after the fashion generalieed n
fig. 13, Three of the many strenms that wore developed on the
preat Kittatinny slope are located, with their direction of fow
roversed ; these are marked Sq, L and D, and are intended to
represent the ancestors of the existing Susguehanna, Lehigh and
Delawnre.  We have npow to exnmine the opportunities offered to
these amall streams to fnorense their drainage sreas,

The Jurassic slevation, by which the Newark deposition was
stoppedd, restored to activity all the steeams that had in the
previous oyele sought and found & course close to baselevel,
They now all set to work sgain deepening their channels, But
in this restoration of lost activity with reference to o new base
leval, thers came the best possible chanee for nimerons re-arrange-
mente of drainage aress by mutusl adjustment into which we
MmNt inguire.

I have alresudy tllustrated what seems to me to be the type of
the conditions involved at thie time in fige. 10 and 20, The
master stream, A, traversing the synolines, corresponds (o the
reversed Anthracite river ; the lowlunds at the top are those
that have besn opened out on the Siluro-Devonian beds of the
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present Susquehanng middle course between the Pocono and the
Medina ridges. The small strenm, B, that is gaining drainage
ares in these lowlands, corresponds to the embryo of the present
Susquehannn, 3q, fig, 25, this having been itself onee a branch on
the south side of the Bwatarn synclioal stream, fig. 21, from
which it was first turned by the change of slops accompanyiog
the Newnrk depression; but it i8 loeated a little farther west
than the actual Susquehsanna, so a4 to avoid the two synolinal
ecove mountaing of [Pocono esndstone that the Suosquehanna now
traverses, for reasons to be stated below (sectipn #5) This
stremin hid to cross enly one bed of hard rock, the outer wall of
Meding sandstone, between the broad inner lowlands of the rels-
tively weak Siluro-Devonwsn rocks and the great valley lowlands
on the still weaker Cambrian limestones. Step by step it must
have pushed its headwater divide northward, and from time to
time it wonld bave thus captored a subsequent stresm, that crossed
the lowlsnds eastwurd, and entered a Carboniferous syneline by
ope of the Internl gaps already desoribed. With every such
capture, the power of the growing stream to eapture others was
inoreassd.  Fig. 10 represents a stage after the stresms in the
Swatarn snd Wiconisoo synolines (the latter then having pained
the Juniata) had been turned aside on their way to the Carbos-
ferous basins, On the other hand, the Aunthracite river, rising
somewhere on the plains north of the Wyoming syneline and
pursiing an irreguinr coarse from ooe conl basin to another,
found an extremely difficult task in cutting down its channel
aorosd the numerous hard beds of the Carboniferous sandstones,
#o often repeated in the rolling folds of the coal fields. Tt is also
important to remember that an wid to other conditions conceried
in the diversion of the spper Anthracite @ found in the deorease
of glope that its lower conrse suffered 10 orossing. the coal fields.
tf that area took any part in the deformation that prodoeed the
Newark monocline—whichever theary prove true in regard
the origin of the southeastward flow of the rivers—for loss of
alope in the middle coarse, where the viver had to eross many
recfa of hard sandstone, wonld bave been very effvstive in length-
ening the tine allowed for the diversion of the headwaters,

The guestion is, tharefore, whether the retardation of down-
catting here experienced by the Anthracite wns safficient o
allow the caprure of its headwaters by the Susgquehanna,  There
can be little doubt as to the eorrect quality of the process, but
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whether it was quantitatively suffiient is another matter. In the
absenos of any means of testing its sufficiency, may the result not
be taken as the test ¥ Is not the correspondence between deduoc.
tion and faet close envugh to prove the correctness of the deduoo-
tion ¥

A8, Frosent outward drainage of the Anthracite basing.—The
Lebigh, like the Susquehanna, made an strempt to espture the
head waters of adjacent streams, but failed to acquire much terri-
tory from the Anthracite because the Carboniferous sandstones
spread out between the two i o broad platean of hard rocks,
neross which the divide made little movement, The platean area
that it# upper branches drain is, T think, the conquest of a later
excle of growth, The Delaware had little suceess, excopt as
sguingt cortain eastern synelinal branches of the Anthracite, for
the same reason. The ancestor of the Swatarn of to-day made
little progress in extending its headwaters becsase its point of
attack wns against the repeated Carboniferous sandstones in
the Swatars synelinal.  One enrly stream alone found a favorable
opportunity for conguest, and thus grew to be the master river—
the Susquehanna of to-day., The head of the Anthracite was
earried away by this captor, snd its beheaded lower portion
remaing in our Schuyikill. The Anthracite coal basins, formerly
drained by the single master stream, have sinde been apportioned
to the surroanding rivers, A8 the Siluro-Devoman lowlands wers
opened around the conl-basing, espeeially on the nerth and wiest,
the streamn that formnerly flowed into the basing were gradually
inverted and flowed out of them, as they etill do. The extent of
the inversion seems to be in a general way proportionate to its
opportunity, The most considerable conquests wers made in the
upper basins, where the Catnwissa and Nescoper streams of to-
day drain many square miles of wide vallevs opened on the
Manch Chunk red shale between the Pocono and Pottaville sand-
stone ridges 5 the ancient middle waters of the Anthracite here
beng inverted to the Sesquelinna  tributaries, begsuse the
northern coal basine were degraded very slowly after the upper
Anthracite had been diverted, The Schuyikill as the modern
representative of the Anthracite retams only certain streams
south of a medial divide between Nescopeo and Blue mountaing.
The only considerable part of the old Anthrasite river that still re-
tains a eourse along the axis of a syneolinal trough seems 10 be thar
part which follows the Wyoming basin ; pone of the many other
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coal hasing are now ocoupied by the large stream that originslly
followed them. The reason for this is manifestly 1o be found in
the great depth of the Wyoming basin, whereby the axial portion
of ite hard randsiones are sven now below baselevel, and henee
have never yet acted to throw the river from its nxial course.
Indeed, during the early oyeles of denndntion, this basin muost
have been changed from a doep lake to o lacostrine plain by the
acoumulation i it of waste from the sarrounding highlands, aod
for o time the stresms that entered it may have flowed In mean-
dering courses across the anclent alluvial surface ; the lacustrine
s allovial eondition may have been tempornnly revived at the
time of the Jurassic elevation. It is perhaps as an inheritance
from a vourse this locally saperimposed that we may come to
vegard the deflecton of the niver at Nanticoke from the axis of
the ayuoline to s narrow shale valley on its northern side, before
turning south agsin and leaving the basin altogether.  Buot like
cortain other sugeestions, this can only be regarded as an open
hy pothesis, to be tested by some botter method of river analysis
than wo now possess 3 like several of the other explanations here
offered, it is presentod more a8 4 possibility to be disouseed than
as 4 ponclusion to be wecepted.

I beheve that 1t was doring the earlier part of the great Jurs-
Cretnceous eyele of denudation that the Susquelinnna thus be-
came the master stream of the sentrnl district of the state. For
the reat of the eyvele, it was ocoupied in enrryving off the wast
sl reducing the surface to & well Goished buselevel lowland that
charmoterized the end of Cretacsous time.  From an active youth
of conquest, the Susquehunnn ndvanced into an old ngpa of estab-
lished boundaries ; and in lster times, its area of drainage does
not seem to have been grestly altered from that so long ago
defined ; exoept perhaps in the districts drained by the West
and North Branch head waters,

&4, Homolaiyies of the Susguehanna and Suniota, —Looking
tt the change from the Anthracite to the Susquehannn inoa broad
way, one may percelve that it s an éffect of the same order us
the peripheral diversion of the Broad Top dramagee, illustrated in
flrnres 22 93 gnd 24 5 another example of a similar change s
sezn 10 the lateral diversion of the Juniata above Lewistown
and its rectilinéar éontinuation in Aughwick eréek, from their
origingl axial locstion when they formed the imtisl Broad Top
outlet, They have deparied from the axis of their syoeline to



248 National Geographic Maguzine,

the softer beds on lts southern side ; FE of fig. 17 has been
diverted to FD of fig. 18,

All of these examples are truly only specidl oihses of the one
already described in which the Jumnista lefo its original syneline
for others to the south, The general epse may be stared in o few
words, A stream Howing along a syocline of hard beds (Carbon-
ferons sandatopes) developes side strenms which breach the adja-
cent anticlines and open lowlands in the underlying softer beds
(Devonian and Silurian). On these lowlands, the headwaters of
side streame: from other synelines are encountered and a contest
enmues a8 to possession of the dramage territory, The divides
sre pushed away from those headwaters whose lower courss
leads them over the fewest hard barriers ; this congquest goes on
until the upper course of the initial mwain stream i= diverted tw o
wew and casier path than the one it ohose o its vouth in obedience
to the first deformation of the remon.  Thos the Joniswg now
svoids the senter and once deepest pprt of the old Browd Top
lake, becavse m the general progress of erosion, lowlands on soft
Devoninn beds were openied all arcund the edge of the great
mase of sandstones that held the lake ; the origing] drinagre
acrons the lake, From its western slopes Lo its ootlet just gouth of
the Jack's mountain anticline, has now taken an easier path alung
the Devonian beds to the west of the old Inke basin, and is seen
in the Little Juniata, lowing along the outer side of Terrmoe
mountain and rounding the northern svoeling] point where Terrace
mounntaim joins Sudeling il It then crosses Jack's mountain ae
a poant where the hard Medinn sandstones of the mountain were
still buried at the time of the eholce of this channel. In the
amme way, the drainage of the subordmate bosio, through which
the main lake dischorped castward, 18 now pot along the axis of
the Jumsta-Catawidsn svncline, but on the solter bede slong one
side of it ; and along the sonthern side beenuse the ensier esompe
that was I_Irl.}"l.'fdl:lli for it lay on than sde, nemely; via the Thas-
carord and Wicontseo synelines, as already desoribed.  The muoh
broader change from the Aathracite o the Susquehannn was only
another form of the same process. Taking a tramsverse view of
the whole system of cencral folds, it is poreeived that their pxes
descend into the Anthracite district from the enst and rise west-
ward therefrom ; it is as if the whole reglon had reocived a shght
transverse Tolding, and the transverse axis of depression thus
formed defined the initial course of the first moaster stream.,
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But this master stream deserted its oripging] sovrse on the trans-
verse pxis of depression bodauze a lateral eonrse soross lowlands
om softer beds was opened by ite side strewmes @ and in the contest
on these lowlands with an extornal steeam, the Susguebanna, the
npper portion of the Anthracite was diverted from the hard rocks
thut had appeared on the transverse axis, The distance of
diveesion from the axisl to the lateral conrse in this case was
great beeause of the gentle goality of the transverse folding ; or,
better sakd, bocause of the gentle dips of the axes of the longi-
tadinal folds, This appearnnee of cystematic re-arrnogement in
this sevoral river courses where none was expected is to my mind
aoatrong argument in favor of the originally consequent location
of the rivers and their later muatual adjostment, It may perhaps
be oonceivedd that antecedent streams might imitate one nnother
roaghiy in the uttitude that they prophetically ehose with regard
to folde subsequently formed, but no resson has besn sugzested
for the imitation hl*ihg earrivd to =0 remarkable and definite a
degree as that bere outlined,

Aa, Suporimpoaition of the Suwpuehanna on two synclinal
ridges. —There is however obe apparently venturesome postulate
thiat may have been already noted s such by the reader ; unlosa
it ean be redssonably dceounted for and shown to be a natural
resudt of the long seqoence of chunges here considered, it will
seriously militate against the validity of the whole argoment
The present oourse of the middle Sosguebanna feads it through
the apical curves of two Pocono E}'ﬂt"liml ridges, which were
disregurded in the statement given above. Tt was then assumed
that the cwbrvome Suguehsnns gained possession of the Silure
Drevanian lowlaml deginage by gnawing ont a course to the west
of these synelinal points 3 for it is not to be thonght of that any
oonquest of thoe headwaters of the Anthravite river could have
been made by the Susquehanna if it brd had to gnaw out the
existing four triverses of the Pocono sandstones bofore securing
Ll Ilr!lmnj_{l' of the lowlands above them. The backward pro-
oSy af the Susquchmnmg could not in that ease have -besn m_-nﬂ}'
tast enough 10 resch the Anthreite before the latter had sunk
ite channel to a safo depth, It 1= therefore important to Jostify
the assumption as to the more westerly loeation of the embryvonie
Suzquelianna ; and afterwands to explain how it should have
simee then been teansferred to s present course, A short out
through all this round-about mwethod s o Lo thase wlio wilopt
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in the buginning the theory that the Busguebhanns was an antece-
dent river ; but as I have said at the outset of this myuiry, it
sevmis to me that snoh a method i# not freer from assumption,
even thowprh shorter than the one heee adopted; and it has the
demerit of not considering all the eurions details that follow the
exmmination of consequent and adjusted oourses,

The sufficient reason for the assumption that the embryonie
Sasguebnnna lay farther west than the present one in the neiph-
borhood of the Poeono synelinals w simply thar—in the abwenoe
of any antecedent stream—it must have lpan there, The whole
explunation of the development of the Siluro-Devonian lowlands
hetween the Pocono and Medina ridges dopends simply on their
hl."iT.lg' weathered out where the rooks ure wesk ﬂm}ugll o wakte
faster than the enclosing hander ridges theongh whieh the streams
esoape.  In this provess, the streams exercise no eontrol whatever
aver the ilirection in which their headwaters shall grow ; thoy
leave this entirely to the struetum of the distriet that they drain.
It thne appears tht, under the postelate g to the initial location
of the Susquebanns as one of the many streams descendimg the
great slope of the Kittatinny (Cumberiond) highland into the
swatarn syochine, its course being reversed from northwand to
soathward by the Newark depression, we are required to suppose
that its headwater (northward) growtl at the time of the Jurassic
elevation most huve boen on the Sloro-Devoninn beds, so as to
avoid the harder rocks on either side, Many stredms eompeted
for the distinetion of becoming the moaster, and that one gained
its wmbition whose initial location gave it the best subssguent
opportunity, It remaios then to consider the measns by which
the course of the conguoring Susquehannn may have been sabse-
quently changed from the lowlands on to the two Pocono synolines
that 7t mow trayersis, Some départure from ite early looation
muy have been due to eastward planation in its advaneed age,
when it bad laree volume and gentle slope and was therelure
swinging and catting laterally in it lower course.  This may
have had w share 1o the result, bnt there 8 another pl'ﬁqmﬂ- that
seems Lo e more dffective,

In tho Iatter part of the Jura-Cretaceous evele, the whole
country hereabout suffered o moderite dapression, by which the
Atlantie transgressed many miles inland from ite former shore-
hne, acrozs the lowlamle of erosion that had been developed on
toe fitoral belt.  Such w depression musy have had a distinet offect
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on the lower courses of the larger rivers, which having already
cat their channels down close to baselevel and opencd ther
valleve wide on the softer rocks, were then * estuaried,” or at
leaat go far checked az to boild wide flood-plaine over their lower
stretches.  Indeed, the food-plaine may have been begon st an
earhier date, snd have been confirmed nnd extended in the later
time of depression, s it possible that in the latest stage of this
process, the almost haselevilled remnants of Blue mountain and
the Pocono ridges could have been buried ander the food-plain
in the neighborhood of the mver ?

If this be admitted, it ia then naturnl for the mver to depart
from the line of Ita buried channel and eross the buried ridges on
which it might settle down as & superimposed river in the next
ovele of elevation. It is difficult to decide suoh generu] questions
as these ; and it may be diffieonit for the reader to gain much
confidenes in the offieacy of the processes sugpested ; but there
are eertain festures in the side streams of the Susquoebauna that
lend some color of probability to the explanation as offered.

Admit, for the moment, that the aged Susquehnnna, in the later
part of the Jurs-Creetaceous evele, did change its channel some-
what by eutting to one side, or by planstion, as it is called.
Admit, also, that in the natural progress of jts growth it had
buailt a hrond flood plain over the Siluro-Devonion lowlands, and
that the depth of this deposit was inereased by the formation of
an estunrine delts upon it when the country sank at the ume of
the mad-Cretacoous teansgression of the sea. Tt 1= manifes) that
one of the consequences of all this might be the peonliar conrse
of the river that 18 to be caplained, namely, its superimposition
on the two Focomo synclinal ridges in the next oyvele of its
history, alfter the Tertiary clevation had given it ppportunity to
re-dimeover thene [t remaing o inguire what other consequences
should follow from the ame conditions, and from these 1o devise
tests af the hypothesis

a0, Eeddenve of A gherimproaition in the Susguefioina trifiuti-
rive.—Qupe of the peouliarities of flood:plained rivers i that the
Interal streams slaft ther points of upion with the main stresm
farther and farther down the valley, ae Lombardini has shown in
the case of the Fo. If the Susquebaonn were heavily Hood-
plained at the close of the JoraCretaceous ovele, some of its
tribntaries should manifest sigon of this kind of deflection from
their structural conrses along the strike of the roeks, Side
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sireams that once joined the mam stream on the line of somse of
the softer northeast-southwest beds, leaving the stronger beds ps
faint hills on either side, must have forgotten snch control after
it was baselevelled and buried ; as the flood plain grew, they
properly took more sud more distinotly downward defleeted
courses, and these defleotions should he maintained 10 subsequent
eveles as supsrimposed courses independent of struotural guid-
ance.  Such [ believe to be the fact. The downstrenm deflection
s 0 distinetly a peculinrity of 4 oumber of tribotaries that join
the Susquehanun on the weat side (see figure 1) that it ennonot be
asoribvdd to aceident, but must be referred to some systematic
gause.  Kxanmples of deflection are found in Penn'’s creek, Middle
creek and North Mshantango creek in Snyder county ; West
Muahantango betwesn the latter and Junista ecounty 3 and in the
Juniata and Little Jeniate rivern of Perry county. Un the other
side of the Busquebpnna, the examples are not so distinet, but the
following may by mentioved : Delaware and Warrior runs, Chil-
lisquaque ercek and Little Shamokin ereek, all in Northumberland
county, It may be remarked that it does not seem impossibie
that the remson for the more distinet defleciion of the western
streams may be that the Susquehsnua i at present east of e old
eourse, and henee townrds the eastern margin of its flood plain,
as, indecd its position on the Pocono synclinals implies. A resson
for the final looation of the superimposed river on the eastern side
of the old flood plain may perhaps be found m the eastward tilting
that 18 known tu have acocompanied the elevation of the Urotace-
s lowland.

It follpws from the foregoing that the present lower course of
the Susquehanns must aleo be of superimposed origin ; for the
flogdd plain of the middle courie most have extended down stredm
to e delta, and there have become confluent with the sheot of
Crotaceoius sediments that eoversd all the southeastern lowland,
ovoir which the sea had teansoressed,  Metlzeo has already pointed
ont indioations of soperimposed stresm conrses in the soath-
eastern part of the State ;* but 1 am not sure that bhe would regard
them as of the date bhere referred to,

The theory of the location of the Susquebanna on the Pocono
synelinal ridges therefore stands as Follows,  The general position
of the river indicates that it has been loeated by some process of
alow self-adjusting development and that it is not g persistent

* Amer. Journ. Bcience, xxxv, 1888, 121, 184.
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antecedent river ; aml yot there 1 no resson to think that it could
have been rought into 1t present special gosition by any process
of shifting divides. The processes that have been suggested to
aceount for ite specjal lcation, as departing slightly from a looa-
tiom doe to slow adjustments following an aneient consequent
arigin, ¢all for the ocourrenos of certhin additional peculiarities
in the courses of its tributary stréame. entirely unforeseen and
unnotioed until this point 1o the ingueiry 18 renched @ and oo
lopking =t the map to see if they oceur, they are found with
perfeet distinetness, The hypothesis. of superimposition may
therefore ba regarded as having advanced beyond the stage of
mere suggestion and us having giined some degree of confirmation
from the correlations that it detects and explains, It only remains
to ask if these correlations might have onginated in any other
way, and if the nnswer to this s in the negative, the case may be
looked upon a8 having a fair measure of evidence 1o it favor,
The remainitg consideration may be thken op at onoe &8 the first
point to be examined in the Tertiary oyele of development.

a7, Events of the Tertiary cyele—The elevation given 1o the
region by which Cretaceous haselevelling was terminated, and
whieh I have called the carly Tertiary clevation, offered appor
tunity for the stremms to deepen their channels onee more.  In
doing &, certwin sdjnstiments of modernte amount ocourred,
whirh will be soon examined.  As time went on, much denudation
was effected, but no wide-spread baselevelling was reached, for
the Crotaveous crest lines of the hord sandstone ridges still exist,
The Tertinry ovele was an inoomplete one, At its olose, lowlands
had been opened only on the weaker rocks bétwean the hard beds.,
Is iv not posaible that the flocd-plaining of the Susquehanna and
the down-stream defloetion of 11 branches took plaee in the
closing stages of this eyele, instead of at the end of the previous
cyele? If so, the deflection might appear on the branches, but
the man river wonld not be transferred to the Pocono ridpes.
This question may be safely unswered in the negative ; for the
Tertiary lowland is by no means well enough baselevelled to
permil such an event. The beds of intermediate resistance, the
Oriskany and certain Chemung sandstones, had not bheen worn
down to baselevel ot the elose of the Tertiary cycle ; they had
indesd lost much of the height that they possessed at the close of
the previous oyele, but they had not been reduced as low sa the
safter beds on either side. They were only reduced o ridges of
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woderate and unequal heirht over the geveral plain of the Siluro-
Diewvontan low country, without great strength of reliel bul quite
strong enough o eall for obedience fromi the streams along sida
of thene.  And ver menr Selin®s Grove, for exampie, in Buyder
county, Penn’s and Middle ereicks depart most distinetly from
the strike of the loew] rocks pe they near the Susguebanna, and
traverse certain well-marked ridges on their way to the main
river,  Such sbarrant strenmns cannot be regarded as supenmposed
at the close of the incomplete Tertinry evele ; they sannot be
explained by any process of spontaneons adjustment vt deseribed,
nor can they be regarded ss vastly anetent streams of antecedent
courses ;I am therefore muoch tempted to consider them as of
superimposed origin, inheriting their present courses from the
food-plain cover of the Susguehnnna in the Iatest stape of the
Jura-Uretneeons eyele. With this tentative conelosion in mind
86 10 the final events of JuraCrotnceous time, we may take up
the more deliberate conmiderstion of the work of the Tertinry
cyole.

The chisf work of the Tertiary oyvele wad merely the opening
of the valley lowlinds ; little opportunity for river adjustment
pesnrred except on o amall seale, The modt evident eases of
adjustment have resulted in the change of water-gaps into wind.
raps, of which several examples ean bo wivon, the one best known
being the Delaware wind-gap between the Lebigh and Delaware
water-gaps in Blue mountzin,  The wind-gap marks the unfinished
noteh of svme stréam that onoe erossed the ridge here and whose
bendwaters have simei then been diverted, probaldy o the Lehigh.,
The difficulty i the case wnot ot all bow the stream that once
flowed here was diverted, but how a stream that could be diverted
in the Tertiary evele eonld have estaped diversion at some earhier
date.  The relative rurity of wind-gaps indicates that nearly all of
the imitial interal streams, which may have erossed the ridges at an
early epoch in the history of the rivers, have been beboaded in some
eveleearlier than the Tertiary and their gaps thereafter obliterated,
Why the Delaware winid-gap stream should have endored mto a
luter evele does uot st present appear.  Other wind-gaps of appar-
ently similar origin may be found in Blue moontain weat of the
Schuvlkill and east of the Swaquehannan It v noteworthy that
if any small streams still persevere in their gnps neross o hard
ridge, they are not very close to any large rivergap ; hence 1t is
only st the very headwaters of Conedogwinet oreek, in the
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narthern part of Franklin county, that any water is still drawn
from the back af Blue mountain,  Agnin, these small stream gaps
do not lie between large riversgaps and wind-gaps, but wind-paps
lie bt woon thie gaps of large fivers and thowe of small streams
that #re not yet diverted., Excellent illusteation of this is fonuwd
on the = Pledmont shest " of the contoured maps issued by the
United Stares Goologionl Survey., The sheot covers part of
Maryland amd West Viesin, near where the North Branch of
the Potomao comes our of the platean and rrosses New Creek
mountain, Eleven milea sonth of the Potomae gap there s a
devp wind-gap ; but further on, at  twenty, twenty-five and
twenty-nine miles from the mver-gap are throe fing water-gaps
peeapisn] by small strenms, This example merely shows how
many important points in the history of oor rivérs will be made
clear whon the countey is properly. portrayed on contoured maps,

A fow lines mav be miven to the prenersl abaecee of gape in
Blue Mountain in Pennsylvanin. When the initinl consequent
drainage wis established, many streams musr have been located
on the northward slope of the grear Cumberlind highland, C, C,
fig. 21; they muost have gullied the slope to great depths and
carried away great volumes of the weak Cambrian beds that lay
deep within the hord outer casings of the mase.  Minor adjust-
munts Aervedd to dimintsh the wumber of these streams, but the
more effective couse of théir present ity luy in the natoral seloe-
tron of certain of them (o beoome [aree streames 3 the smaller ones
were generally bebended by these,  The only examplos of strenms
that still ¢rose this nidge with their untial Permisn direction of
How 1o the northwest are found n two southern branches of
Tusenrors ereek at the southern point of Juninta county ; and
these survive becanse of their obsoure location among the many
Medina ridges of that district, where they wore not easily acces-
sihle to captory by ofher streame

8. Terticary adinstment of the Juniate on the Medina anti.
clines.—The lower course of the Junints presente sovernl examples
of adjustment referable to the last part of the Jurs-Cretaceous
vyl and Lo the T-r_-rl;.irlr}' eyele. Thi vxplanation offered for the
escape of this river from its imtial syneline did not show any
reason for its peouline position with respest to the several Medina
anticlines that it now borders, beopuse at the time when 1t was
Ind peross country to the Wiconiseo syneline, the hard Medioa
heds of these anticlines were not discovered. It is therefors
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hardly to be thought that the léention of the Juninta in the
Narrowe below Lewistown botwesn Blue idgze and Shade moun.
tain and its avoidasee of Tascarora mountain could have been
defined at that carly dote.  Bup all these Medina anticlines rise
mare or less above the Cretaceous baselevel, sod must have lini
some ¢ffeet on the position taken by the river shout the middle
of that eyole when its channel sank upon them,  Blue Ridge and
Black Log anticlines rise highest.  The first location of the eross-
comntry stream that led the early Juniate away from its initial
syncline probably traversed the Bloe Ridee and Black Log anri-
clines while they were yet buried ; but its channel-cutting was
muoch retanded on encountering them, and some braneh strean
working around from the lower side of the obstruotions may have
diverted the river to an easier pati.  The onle path of the kind
is the narmow one between the overlapping antiolines of Blus
Ridge and Shade mountains, amd there the Juninta now flows,
If another elevation should oceur in the future, it might happen
that the slow deepening of the channel in the hard Meding bids
which now floar the Narrows would allow Middle creek of Snvder
county to tap the Juniata at Lewistown and lead it by direct
course past Middleburgh to the Susquehanns ; thus it woukd
return to the path of its vouth.

The loeation of the Junista at the end of Tusesrors meuntsin
18 agrain so definite that it oan bandly be referred to n time when
the mountain had not beon revealed,  “T'he most likely position of
the ariginal eross-conntry stream which brought the Juniata (nto
the Wiconisen syneline was somewlhiers on the line of the existing
maountain, and sssnming it to have been there, we must question
how it has been displaced.  The process seoms to have been of
the same Kind as that just given ; the retardation of channels
cutting in the late Cretaceous ovole, when the Meding beds of
Tosoarorn anticline were discoversd, allowed 4 beatioh from Ll
lower part of the miver to work around the end of the moaniain
and lead the river out that way, The oeourrence of o shallow
depression across the summit of the otherwise remarkably even
creat of Tuscarorn mountain sugrests that this diversion was not
finully accomplished nntil shortly after the Tertinry elovation of
the vountry ; but at whatever date the udjustment ooeurred, it is
natural that it should pees sround the eastern end of the mountain
and not around the western end, where the course wonld have
becn much longer, and therefore not suecessfully to be taken by
a diverting stream.
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While the guality of these processes appoars satisfactory, T am
ot satisfied as to the sufficiency of their quantity.  If diversion
LT !.Ill.m!'vurl.iﬂ:r 'Errm.'l:imd at the grossing of the Tuascarora anti-
cling, why not also at the erossing of Jacks mountain snticlie,
on wihich the river still perseveres, It is difhienlt here to decide
how much contidence may be placed 1o the explanation, because
of 1ts riving peason for the location of ecertain streams, aod bhow
mitoh donby mousy be cast apon ig, beeanse it seems impossible and
1= mot of nuiversal application.

ah. Migration of the Atlantic-Ghio divide.—There are certain
shifted courses which cannot be definitely referred to any partiou-
lar eyele, and which may therefore he mentioned now, Among
the greatest are those by which the divide between the Atlantic
and thie Ohio streams has been changed from its initial position on
the great construotional Nittaoy highland and Bedford range
There was probably no significant change until after Newnrk
depression, for the branches of the Anthracite river could not
bave begun to push the divide westward till after the eastward
flow of the river was detormined ; until then, there does not seem
to have been any marked advantage possessed by the eastward
stropma over the westward., Bat with thes eastward EHCE pe of
the Anthracite, it probably found o shorter sourse to the ses and
atie that Jed it over alternately soft and hard rocks, instead of
the longer course followed by the Ohio streams over eontituous
sandatones.  The advantage riven by the prester extent of soft
beds is indicated by the great breadth of the existing valleys in
the contral district compared with the less breadth of those in the
platean to the west.  Coosider the affect of this advancage st the
vime of the Jurnssio elevation. As the streams on the esstern
slope of the Nittany divide had the shortest and steepest coarses
to the ses, they deepened their valleys fnster than those on the
west and scguired drainage area from them ; benee we find
reason for the desinage of the entire Nittany and Bedford distriet
by the Atlantie streams al present,  Various branches of what are
now the Alleghany and Mopongabela originally rose on the
western slope of the dividing range. These probubly reached
much farther cast in pre-Permian time, but bad their headwaters
turaed another way by the growth of the grest anticlinal divide ;
but the smaller antielives of Laurel ridge and Negro mountain
farther west do not seem to have been strong enough to form a
divide, for the mivers still traverse them. Now as the headwaters

18
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of the Junintn breached the castern slope of the Nittnny-Bedford
range anid pushed the divide westward, they at lnse gained b
sesgion of the Siluro-Devoninn monoeline on its Wast e Hi”1w;
but beyond this it bns not been possible for them vet to gu,  As
the strenms oot down tll!—ppl-r amd encotmitersd the Meoding antj-
oling mear the core of the ridge, they swed a passage through it
the Cambrian bods wers discovered below and » valley was
opened on them as the Medine cover wore away, The maost
unpartant. point shout this is that we find in it an adequare
explanation of the opposite loeation of water-gaps in pairs, such
a8 charnoterize the branches of the Juminta below Tyrone and
again below Bedford. This opposite loeation has been hold o
mdicate an antecedent origin of the river that passes thirnugh the
gaps, while gaps formed by self-developed streams sre not
thonght to present such correspondence (Hilber). Yot this
spevial vase of paired gaps in the opposite walls of a Bremehed
anticline is manifestly a direct sequence of the development of
the Juniata headwaters, The settling down of the main Junisia
on Jack's mountain anticline below Huntingdon i= another oase
of the same kind, in which the relatively low anticlinal orest is gs
yet not widely breached ; the gaps below Bedford stand apart, as
the crest is there higher, and benoe wider opened ; and the gaps
helow Tyrone are separated by some ten or twelve miles,

When the headwater streams cnptured the drainnge of the
Silure-Devoninn monooline on the wostern side of the pneient
dividing anticline, they developed subsequent rectangular branches
growing like a well-trained grape vine, Most of this valley bas
heen acquired by the west branch of the Susquehanna, prohably
htsoutise it traversed the Meding beds lese often than the Juninta
For the same reason, it may bo, the West Braneh bas captured o
considerable area of platean drainage that must have onee
belomged to the Olhlo, while the Junista has none of it ; but if so,
the capture must have been befors the Tertinry evele, for sinee
that time the ability of the West Branch snd of the Junista as
regurds such capture appears about alike. On the other hand,
Castleman’s river, & brauch of the Monongaliela, still retains the
drainege of a small bit of the Siluro-Devonian monecling, at the
southern border of the State, where the Junista headwaters had
the least opportunity to eapture it; but the change here is
probabiy only retarded, not prevented entirely ; the Juninta will
some day push the divide even here back to the Alleghany Front,
the frontal blufl of the platesu.
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4. Othar mpgapiﬂl EJI-}‘- r;rﬁu.ﬂmﬂl.r:_—-ﬂlllﬂr E'_tl.mp»iﬂ of small
adjostments ave found around the Wyoming basin, fg. 26

Originally all these strenms ran centripetally down the enclosing
slopes, and In such locations they mmst have oot gullies and
bresches in the hard Carboniferons beds and opened low bhack
onumtry on the weaker Devontans, Some of the cxisting stremms
still do w0, and these wre precisely the opes that are not easily
reached by divertors,  The Sosquehanna i its course outside of
the basin has sent out hraodhes that have beheaded all the centri-
petal etrenms within resech 3 where the same river enters the
basin, the centripetal streams have bown shortened if oot som-
pletely hehended, A branch of the Delawure has captured the
heads of some of the streams néar the eastern ‘end of the basin,
Elsewhere, the centripewal streams still exist of good length.
The contrnst between the persistenoe of some of the centripetal
streams here and their peripheral diversion aroand Broad Top 18
a consequence of the differenee of altitude of the old lake bottoms
in the two cases. [t is not to be dounbted that we shall become
aoquainted with many examples of this kind as onr intimaoy with
FivErs inereases,

41, Events of the Quaternary eyele.—The brief quaternary
ovele does not offer many exnmples of the kind that we have
congidered, and all that are found sre of small dimensions. The
only eapturing stream that nedd be mentionsd hss lntely been
deseribed as & “ river pirate ;”® but its conqguest is only a Schles-

* Spjence, xill, 1599, 108,
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wig-Holstein affair compared 1o the Goth- and Hun-like depreda-
tiois of the grreator streams in darlier oyoles,

The charactor of the streams and their valleye as they now
exist is strikingly dependent in. many ways on the rolation of the
inoipient quaternary cyele to the longer eveles of the past. No
lakey occur, exception being made only of the relatively small
ponids due to drife obstroetion within the glaoisted aren. Water-
falle are found only at the headwaters of small strenms in the
platean district, exception again being made only for certain cases
of larger streams that have been thrown from their pre-glacial
courses by drift barriers, and which are now in s very immature
stote on their néw lines of flow., The small valleys of this eyele
sre shallow and narrow, alwaye of u size strictly proportional to
the volume of the stream and the hardness of the enclosing rocks,
exception being made only in the case of post-glacial gorges
whose streams have been displaced from their pre-glacial channels.
The terraces that are seen, especialiy on the streams that fow in
or from the glaciated district, are merely a temporary and subor.
dinate complieation of the general development of the valleys
In the region that has been here considered, the streams have
been seldom much-displaced from their pre-glacial channels ; but
in the narthwestern part of the State, where the drift in the
vallevs seems to be heavier, more serious disturbance of Pris-
glacial courses i reported. The facts here reforred to in repard
to lukes, falls, gorges, terraces and displaced stronms are to bhe
found in the various volumes of the Second Geologionl Survey of
the Swte ;* in regard to the terraces and the estaarne defleations
of the Delnware and Susquehanna, reference should be made also
to Meliee's studies t

42 Doubtrul vasen.—It is hardly necessary to state that there
are many facts for which no satisfaotory explanation is fonnd
under the theary of adjustments that we have heen considering.
Soma will certainly include the loeation of the Susguehanng on
the points of the Pocono synelines ander this categaory 5 all must
feel that such 4 loestion savors of an antecedent origin. The
same i true of the examples of the alignment of water-gaps
found on eertain streams 3 for example, the four gaps ecut in the

* Especially Cardl, Roports L, 1,; White, Reporis G, (. Lewis
Hoport 2.

t Amaer. Journ. Seienoe, xxxv, 1888, 67, 445 ; Seventh Annual Rep.
U. 8. G. 8., 1588, 545,
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two pairs of Focono aod Potteville outerops at the west end of
the Wyoming synchine, and the three gaps where the Little
Sehuylkill crosses the coal basin at Tamagua ; the opposite gaps
in puirs at Tvrone and Bedford have alveady been sufficiently
explained, The loeation of the upper North Beanch of the Sos-
quehnona ix also unrelsted to processes of adjustment as fur ns T
can see them, amnd the great ares of platean drainage that is now
possessed by the West Branch is eertainly difficult to nnderstand
ne the result of conguest.  The two independent gaps o Tossey’s
mountain, maintained by the Junista and its Frankstown branch
below Tyrone are curioons, especially in view of the apparent
divarsion of the branch to the main siream on the apper side of
Warrior's ridge (Oriskany), just east of Tussey's mountain,

4. Complicated history of our actunl rivers—If this theory
of the history of our rivers is correct, it follows that any one
river as it now exists 1 of 50 complicated an origin that its
development cannot become o mstter of peneral sludy and ot
unhappily remain only a sabject for special mvestigation for
somé time to come, It wus my bope on beginning this essay to
tind some teachahle sequence of facts that would serve to reliove
the nsual routine of statistical and deseriptive geography, but
this is not the result that has been attained. The history of the
Susquebanna, the Juniats, or the Sehaytkill, is too mvolved with
complex vbangos, if not enshrouded in mystery, to become intel-
Hgible to any but sdvanced stodents | only the simplest cases of
river development can be introduced Inte the narrow limits of
ordinary mstruction.  The single course of an ancient stream is
wow broken into several mdependent parts ; witness the disjoint-
ing s diversion of the original Juniata, which, as 1 have sup-
posed, onee extended from Broad Top lake to the Catawissa basin,
Now the upper part af the stream, representing the early Broad
Top outlet, is redoced to small volyme o Aughwick sreek ; the
vontinuation of the stresm to Lewistown is first set to one side of
its original axial location and is then diverted to another syncline ;
the beheaded portion now eepresented by Muddle ereek is diverted
from its oourse to the Catawissn hasio by the Susgquehanyu ;
porhips the Catawisss of the present day represents the reversid
course of the Jower Juninte where it joined the Anthracite.
This unserviceably complicated statement i= oot much simplified
if instead of boginuing with an original stream and searching out,
ita present disjoumited] parts, we trace the composition of a single
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existing strenm from it onge independent parts,  The Juniats of
to-day vonsists of headwaters aequired from Ohio streams ; the
Inke m which the river onee gathered 1tz apper branches s now
drajmed wnd the lake bottom has become a mountdin top ; the
strenms How aromnd the margin of the loke, not neross its basin ;
a short course towards Lewmstown nearly eoinmdes with the
original loeation of the stresm, bt to confound this with u precise
agreement is to lose the true significance of river history ; the
lower course ir the product of diversion at least at two epochs
and cerainly in severnl places ; and where the nver now joms
the Susquehanna, it is suspeoted of having a siperimposed course
unlike any of the rest of the stream. This i= too complicated,
even if it should over be demonsteated to be wholly true, to surve
a5 material for ordipary study ; bat as long ns it has » savor of
truth, and as long s 'we are ignorant of the whole hstory of our
rivers, throngh which alone ther present feastures can be right-
fully nnderstood, we must contimue 0 search after the natuoral
processes of their development ns oarefully and thoroughly as
the biologist searches for the hnks missing from his scheme of
classification.

44, Provisosad Conelusion,—It is in view of these doubts and
commplications that I feel that the history of our rivers i6 not vet
sotiled 3 but vet the numerous aecordances of actnal and dedue-
tive loeations appear su definite and in some cases so remarkable
that they carnot ba hi‘.'g'll’-l_'.'l:-l'!'li.._ s they must be if we should
mdbere to the aotecedent origin of the river courses,

The method ndopted on an enrly page therefore seoms to be
justifiedd,  The provisional system of anclont congequent drnmage,
lustented oo G 21 does appear to be sufficiently related to the
streams of to-day to warmnt the belief that most of our rivers
took their firet courses between the primitive folids of oour moun-
tans, and that from thar distan) time to the present the changes
they have sufferesd are duoe to theis own interaction—to their own
mutnal adjustment more than to any other eanse, The Susgue-
hannn, Sehuvikill, Dehigh and Deloware are compound, composite
ard highly complex rivers, of ropented mature adjustment.  The
middle Susquehanna wnd its hranches and the upper portions of
the Schuvlkill and Lehigh are descondnntes of original Permian
rivers conseguent on the constrnetional topography of that time ;
Newark depression reversad the flow of some of the trapsverse
stroatus, and the spontaneons changes or adjustments from imma-
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ture to mature courses o the several cveles of development ure
so numerons and exteusive that, as Lowl troly says, the initial
drainage hos almost disappeared. The larger westward-fowing
streama of the platesuy are of earlier, Carboniferous birth, and
have suffersd little subsequent change bevond a loss of head-
watera. The lower courses of the Atlantio rivers are vounger,
having been much shifted from their Permian or pre-Permian
courses by Newark and Crotaceous superimposition, 53 well as by
recent downward deformation of the surface in their existing estu-
nries,  No recognizable remnang of rivers anfecedent to the Per-
mian deformation are found in the contral purt of the State ; and
with the exception of parts of the nupper Schoylkill and of the Sus-
quebanna near Wilkes-Barre, there are no large sarvivors of Per-
mian eonsequent streams in the ordinary meaning of the term
“eomsequent.”  The shifting of courses in the progress of maturs
adjnstment has had more to do with determining the actual loea-
tion of our rivers and streams than soy other process;

Hurvard College, June, 1858,
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TOPOGRAPHIC MODELS.

By Cosbos MINDELEFF,

(¥ the many methods by which it has been sought to ropresent
the relief of a country or district, only two have heen at all widely
used. These methods are, o the arder of their development, by
hachured and by contoored maps. Both have advnntages and
bath have serious disadvantages. Without entering into the
controversy that is even yel raging over the relative merits of
the two systeme, some shpght potioe of what ench claims to
acoomplish s necessary.

The representation of reliel by hachuores is a graphic system,
and in the best examples we have is an attempt 1o show, npon u
plane surface, the actual sppearanes of a given pres under given
conditions of lighting,—as in the Dufour map of the Alps. Of
eourse certnin details that would really disappear if the assomed
conditions were actual ones, must be shown upon the HELEL| b, —%4)
that it ik, after all, but & conventional representation, The very
best exnmples are, for this and other ressons, unsatisfactory, and
[ar more so is this the case in the vastly larger class of mediom
grade and poor work.

The contour system ropresents relier by n series of lines, each
of which w, av every point throughoot its length, at & certain
stated elevation ahove sea-level, or some other datumeplane ; in
other words, each oontour line represents what would be the
water's edge, i the sea were to rise to that elevation, It pos-
seages the advaniage of groat clewrness, but fails to a large degree
in the representation of surface detail; moreover, ope must have
sonsiderable knowledge of topography, in order to read the map
correctiy,”

To thase who must give first place to the quantity of relief
rather thon the quality, as, for exnmpis, the geologist or the
engineer, 8 vontoiped map 5 now considered essential.  On the
other hand, where quality of pelief 1 the prime consideration
anid the quantity a secomdary one; ns, for example, for the ase of
the army, & hachured map is considered the hest. The method

* For upecimens of represontation of the same subject on different

grales. tn both the hachure and contour syvstems, ses plate from < Enth-
offer’s Topographical Atlas.”
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of haohures may be roughly charoterized sz 0 graphic system
with o conventiondl element, and the contour meihod an 0 oon-
ventional syvatem with s graphic element,—for if the contour
mterval 1s small epongh o sort of shading 18 prodoced which
helps eonstidorably the idea of relief.

In nddition to thesa two great systems, with which everyooe is
more or less familiar, there is another method of representing a
country or distriot,—a method that sacededs whore others Tml,
and which although by no means new, has oot recoived the atten-
tion it deserves: this is the representation of & country by a
model in relief.  Certiin striking advantages of models over
mip of all kinds arve, indeed, so apparent that one almost loses
wight of such slight dissdvantages as onn, of course; be urged
agraingt them,  In the graphie representation of the surface they
are far superior to the hachured map, and they have the further
advantage of expressing the relative rvelief, which the hashured
map fails to do; excoept n w very genvral way, They have also
the advantage of showing actual shadows, exaotly as they would
e seen in s bird's-eye view of the distriet, instead of more or
b conventional ones, and are, conscquently, more easily com-
prehended by the loyman, without becoming any less valuable to
the skilled topographer. In short, they oombine all the graphio
fentures of u hachurod mup with all the sdvantages of the best
elass of contoured maps, and in addition they show more of the
wurface detsil, upon which so much of the chavacter of the
country depends and whiel s very imadequately expressed by
hachures and almost completely ignored in a contoured mup of
Iarge interval.  The eontours themselves can be made to appenr
upon the model very pasity and without interfering with other
{eatures,

The uses &f models are many and various. Within the past
few wears their usefulness has been much extonded, and, now
thut they are becoming better kndown, will probably receive a
still further extensaon,  To the geologmist they are often of grent
value i working ot the strocture of complicated districts, for
the resson that so many important structural relations can be
presented to the eve at a single glanee. Similarly, lor the
graphic presentation of results there s no hettor method, as the
topography, the surface geology, and any vumbéer of sections
can be shown together and seen in their proper relationship.  To
the engineer an aconrate model is often of the greatest assistance
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in working oot his problems, and it i2 simply invaluable to ex-
plain the details of a plan to snyone who has little or no tech.
mesl traiming ; for, us bhas been stated, n model = casily compre-
hended by anyone, while more or less technieal kuowledge is
required for the proper undesstanding of even the best maps.

I might go on cataloguing in detai]l the many uses to which
models may be put, but shull now mention only one more—per-
hisps the most importunt of all—their use in the education of the
young. No method has yet been devised that is capable of
mving so elear and accurate 4 conception of the pringiples of
physical meogeaphy as o sceries of well seleoted models; models
have, indeed, already been used for this purpose, but unfor.
tunately their grest cost has prevented their general use in
schools,  Since, however, the study of geography bas boon placed
npon & new basis and a new life has been infused into i, muny
men have given their attention to the snbjoet of models, aud bave
experimented with & view to cheapen the cost of reproduction,
which has hitherto prevented their wide distribution; and prob.
ably this objection will soon be remedied.  The ability 1o read a
map correctly,—to obtain from & study of the map a clear con-
ception of the vountry represented,—is more uncommon thay i
usunlly supposed.  Same of the recent methods of teaching
geogruphy are intended to cultivate this very faculty, but it is
doubtful whether there is sny better method than that which
consiets in the study of & series of pood models in econjunotion
with a sevies of maps, all on the sama scale and of the sume
areas.  The value of a series of good models in teaching geology
i# 80 apparent that it need only he mentioned. It is often, for
reasons stated above, far more valuable even, than field insfroe-
Lian,

For the gonstrection of a good relief map the first requisite is
8 good contoured map.  To this shonld be added, when possibiles,
4 good bachored map, upon which the elevations of the prinoipal
points are statéd,—if the interval in the contovred map is a large
one,—amid ad much material i the way of photographs and
sketohes as it ia I‘ﬂﬂﬂ:hiﬁ L prrirenre, The modeler 5hl|ul-r]1, MOre
over, have some personal soguaintanee with the region. to be
represented, or, fuiling that, o general knowledge of topographio
forms, and at least a clear conception of the wenernl eharaoter of
the country which he scoks to represent,  This is very important,
far it is bere that many wodelers faild the mechanieal portion of
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the wurk any ordinarily intelligent person can do. A weodel may
bie us mecurate #s the map from which it is made, every sontour
may be placed exaetly where it belongs, and yet the resulting
mudel may be,—indeed, often is—* flat™ expressionless, and un-
satisfactory. Eﬂfr':r I.-r_rpugrnphur i dbriwang his i i% l"nmpullléﬂ
to gencralize more or less, and it is fortunate for the map if this
b done in the field instend of in the deagebtsman’s office. Bt
tpnrrsphers differ among themselves: there may be, and ofton
14, considerable differcoce i two maps of the sane region made
by different men; in other words, the * personal equation ™ is a
brger element in a map than is wsually supposed.  This beng
the case, thery i pomothing more required in & modeler than the
mere transferriug of the malter in the map,—giving it three
dimensions instead of two: he must supply throngh hia spedinl
knowledge of the regidn (or, failing thst through his general
knowledge) certain characteristics thut do not appear opon the
i, and wido, %o far as it & necessary, certain generalizations of
the topographer amd droughtsman.  This artistic or techmeal
skill required sorrectly to represent the fndividuality of a given
district = espeeinlly mmportant o the modeler; it s more Impor-
tant, perhaps, in small-scale maps of large distriets than m large-
seale maps of small ones,—for in the latter the generalizing pro-
risss hias not been earried so far, and the smaller interval of the
vontour lmes presorves much of the detail,

The methods by which relicf maps are made have always re-
ceivid more httention than would, at first sight, appear to be
their proper proportion,  may be doe, however, to the difionlty
of npplyving any test todetermine the necnracy of the finished
model, and perhaps also to the genersl impression that any one
can wake a rellef map, —and so0 he oan, though of conrse there
will e a wide difference o the value of the rosilts Some,
indlesil, have devoted their attention to methipds pxelusively,
lettinge the pesult take gave of itself,~——and the models show it
There ks no more reuson why & modeloy should tie himsslf down
tin Ope pethiond of woerk, than that a8 water-eolorist, or & chemist,
ar ativone engapad in techneal work, should dio so: though m
some dases he mighit be roguired, @ the chemist is, 10 show his
moethuds ns well as los resnfis,

Cne of the earliest methods, with any pretension 1o what we
may term o mechanieal conteol; s that deseribed by the Measrs,
Hanlen in a paper an “The constroction of maps in rehef,” read
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before the American Institute of Mining Engmeers im 1887,
The method was published in 16538, Upon & contoured map as o
bagis cross-section lines are deawn ot small and regular intervals,
and, if the topography ba intricate, sorresponding lnes at right
angles, The sections thus seeured are transferred to thin strnips of
some suitable material, such as cardboard or metal, and ent down
to the surface line,—the strips themselvos thue forming the eross-
spptions.  These oross-seotions aré mounted apon a suitable base-
board, snd the cavities of boxes aré then filled up with some
easily carved material, such na plaster or wax, The top 18 then
carved down to the form of the country or distriot,—thoe peces-
sary guidance being obtatned by the upper edges of the strips
that form the crosssections. It will bo readily seen that this
method 15 a very erde and laborious one, It necessitates in the
first place o good oontoured map npon which to draw the seetions,
but sacrifices much of the advantage thus gained beonuse only a
mumbier of pointa on esch contour line are waed, nstead of the
entire line, It B no better, although actually more laborious,
than the Iater method of driving eontour pins (whose height
above a base-hoard mar be accnrately megsured)) along the
contour linds, and then fliog . A slight modifieation of the
latter method can be used to advantage when no contoured map
is available, and when the points whose clevation 18 known are
not numerons enoweh to permin the sonstruotion of one.  In this
ease the only control that can be secured is by means of a num-
ber of pins driven into the base-hoard at those points whose
clevation is knowt, The remainder of the map 18 then eketehed
.. This method is perhaps as satisfactory as any, when the
material upon the map is seanty.  Another method, however,
growing out of the same seantiness of mnterinl, i in some coses
to be preferred, espocially for large models.  The map s enlarged
Lo the requirid size, and o tracing of it = mounwed aspon b frame,
Another desp frami, just large epough to contan the mounted
tm-r,-ing, s madis, nod Taid W AT o sintable base-board upon which a
copy of the map hoas been mountsd.  pon this base-board the
model ia then commenced, in clay or wax, The low areas are
modeled first,—borizontal control being obtained by pricking
through the mounted traciog of the map with a needle point,
anel vertienl control by messoring down from s steaight edge
aliding on the top of the deep frame. This svstem is rther
orgae, and ouly useful where the matorial upon the map is very
weanty, but 1t gives excellont control.
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A mothod wsed by Mr. F. H. King in the preparation of his
large mup of the United States is desoribed by him In o letter to
Messrs Harden, and published by them in the place mentioned
A =olid block of plaster & usod,—the contownsd map being trans-
ferren] 1o t—and the plaster s earved down o produee a seriea
of stepe ltke those made by buwilding up the oontours. The
ehonlders are then carved down to produce o continuous swrfnee;
This methiod s one of the best af those that requirve carving
i.l:lﬂl.-l.":lrl “Il "lt“il‘ii?tg’,

Many other methods of prodocing relief maps might be men-
tiemed, but, a8 most of them have been used only to make special
models, they need not be deseribed.  The method that has been
more used than any other still remaing to bo deseribad, It is that
which the writer has used almost exchisively, and consists in
building vp the model and modeling the dewil, instead of cure-
ing it. It isa maxim of the modeler thar the sabject should be
bult wp as far as possible, shoald be prodoced by adding bits of
clay or wax, or dther material, and not by earving away what is
alveady on,—by addition and not by subtraction.  This may be
illustrnted by & reference to the methods of the sealptor.  The
bust, ur figure, or whatever the subjeer may he, s first modeled
in olay or wax; from chis model o plaster mould is made, and
from this mould a plaster cost is takien.  This cast ig oalled the
original, and the finished production, whether in marble, bronze,
or any other hard substanee, is simply a copy of this original.
No one ever attempts to produee the fnished bust or figure
direetly from the object itself, Even where the artist has for
a guide a death mask, the procedure does not change, The hust
ig first made in clay, and this elay model, 02 & rule, contains all
the detsil which subsequently appears in the foshed buse It
seeme strange, therefore, that the rehef map maker should nse o
method which the seulptor, with infinitely more skill snd judg-
mernit, 15 afradd to wso; and this on sabjects thet do not diller as
much ag might be imagined.

The contour interval to ba used deopends on the use to which
the madel 18 to he put. It s not always nesessary to carry into
the model all the contour lines upon the map: I mav go further
anid sny that it ia not alwavs desirpble to do so. The number to
b nisied l;|u$mm]:|- Lo fome vxtent on the skill of the modeler. As
already stated, the contours are only & means of eontrol, and one
mpdeler requires more than ancther.  To build into & model every
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eontour ina contoured map of ten foor interval 15 & very labori-
ous procesding, and not worth the time it takes, as in nine out of
ten maps of such anterval only the fifty-foor or the tne hundred-
foor curves are definttely fixed, the intermedinte finss being
merely fllod in. This tilling in can be done as well, or better, by
the modelor.

The question as to the proper amount of cxaggerstion to he
given the vertienl scale, as comparsd with the horizontal, @s the
guestion  about which bas raged most of the vontroversy cos-
nected with relief map making, This controversy has been
rather bitter ; some of the opponents of vertical exapgperntion
going to the length of saving that no exuaggeration is necessary,
and that “ he that will distort or exaggerate the seale of sanything
will liw.” O the other hand the preat majority of those who
have muade reliel maps orist opon the necessity of more or less
exaggeration of the vertical scale—pencrally more than seoms Lo
e necessary, however,

An inorease of angle of slope aopompanies all vertical exagger-
ation, and- this 1% apparent even in models in which the vertical
glemont i only very elightly exaggernted. It produces a false
effect by dimimshing the proportionate width of the vallevs, and
by making the country seem much more rugged and monntainous
than it really is. A secondary effect is to make the region rep-
resented look yvery small —all jdea of the extent of the country
being lost. This can be illustruted botter than deseribed.  The
King model of the United States is an oxample of ong extremoe
it ia worthy of note that no examples of the other extreme—1io0
little exagrerstion—ure Known.

In small-sonle models of large distriets some exaggoration of
the vertical scale s necessary in order to make the relief appar-
ent, but the amount of this exaggomtion is often increased much
beyond what is essential.  The proportion of scales must depend
to & large extent on the charweter of the country represented, and
on the purposes for which the model is made. It has heen sug-
gested by 4 writer, quoted by the Messrs. Harden, that the
following exageeration would afford a plessing relief : “ For a
map, scale § inches to 1 mile @ if mountainons, 1:3; if only hilly,
1:2; if gently undulating; 2:3. For sualler soales, except for
very rugged tracts; the exaggeration should be correspondingly
incressed, For a traet consisting wholly of moontains no exag-
geration is necessary.” | koow of no country of such a charse.
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ter that its relief, in all its detail, cannot be shown upon 4 seale
of ( inches to | mile without any exaggeration ar all,

It seems to me that the shsolute and oot the relative amount
of relief is the desideratum, and I have alwavs osed this g« my
;,_'I_*I:l.u']!hg pl‘ihulI‘-l# Fir small seale models [ ]‘lulﬂn fonmd half an
inch of reliefl ample. It may be worth while to state that ina
model of the TTnited Suives made for the Messrs, Butler, of Phil-
adelphia, the borizoneal seale was 77 miles to 1 moeh, the vertical
seale 40,000 feet to 1 inch, und the proportion of seales as | o 10,
This proportion conld have been brought down as low as 1:4
with advantage. One-fortieth of an meh to o thousand feet
sveme 4 very smull vertieal seale, bot it sufliced to show all the
important features of the relief. It should be stated, moreover,
that the model in question was very hurriedly made—in fact, was
hardly more than a sketeh-model—and that more cove and mors
minate work wonld have brooght out many detadis that do not
now appear.  Thi=s amount of eare was not consdered necessary
in this ipstanes, as the model was made to be photographed and
published a8 a photeongrmving, and was o soffer an enormons
reduction—eoming down to five by seven inches®

It has been frequently urged by the advoeates of large exag-
gerntion that the details of a sountry cuinot be shown unless the
vertical seale 7= exsgrerated ; that hifls 200, 300, or even 500
fest migh—depending of course upon the seale—fatten onut or dis-
appear entirely. This seems plagsible, biut the advantanges of
greal exngreration are more apparent thun real.  Its effect upon
the model has already been mentioned ; it whoold be added that,
with the proper amount of eare in finishing the model, exeeed.
ingly small refief ean be so bronght cut ss to he readily seen,
With ordinary care, oni~fortieth of an woneh can be eamly shown,
and with great eare and skill certainly oneseiphrjoth xod probahly
one-hundeedth of an inch, Another plavsible argument that
has been advanced in Tavor of vertical exaggeration a5 & princi-
ple, e well stuted h} Mr, A E Lebman, of the Pennsy lvania
Geologieal Survey, ina Im[wl' i "'T-:pnnrmplm aal Models™ rousd
before the American Institote of Mining Engineers in 1885, *4A
perfectly natural expression w of ocourse dedired ; ‘and to esuse
thi= the features of the topography should be distorted ard exay-
gerated in vertical seale just vnough to praduace the same effect
ot the beholder orstudent of the dwtriet of eountry exhibited

*® See plate friom ** Butlers Complete Geography”
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wx i dden of it would be if he were on the real ground iteslf
Care should be taken, however, not to make the soulos so dispri-
portionate as to do violeoee o meotal npressons. Often, in-
deed, prominent or important features, when they will bear it,
may be still more offcctively shown by sdditionsl exaggperation
in the vertieal soale™  Phe fallacy of thiv argument is obivions.
It pasnumes that the objeot of a model 18 to show the country as
it nppenrs to one passing through it, and not as it really s—and
thers is often o very wide diffevonce between the two,  The im-
pression derived from passing throwgh o country s, if T may use
the term, o very large-scale mnpression, = uny one who has tried
it enn sertify ; It 1s eertanly o mastake to attempt o reproduce
this impresgion in A small-seale model, with the belp of vertieal
expggeration, Even il the principle were & good one, its applica-
tion would be very limited. It could only b osed o Inrge-scale
models ; o apply it w0 & model of a large area—the nited
Statee, for example—is obviouely abmrord,

The method refurred to as being now generally in use may De
hriefiy described as follows @ requisites. o good contoursd map ;
s hachured map in addition, if possible ; & clear conception on
the purt of the modelsr of the country 10 he represented ; and a
fair pmount of skill. Matenals; a barecboard of wood or other
suitable material ; card-board or wood of the thickness reqoired
by the contour interval and the seales o wnd modeling wax or olay.
Procedure : reproduce the econtonrs in the wood or other mate-
rinl ; mount these upon the hase-board o their proper relation-
ship ; then fill in the intervening spaces, and the space above the
topruost eontour, with the modeling material,

In a series of models of the Grand Divisions of the esrth, made
about o vear and & half apo, the contoure of card-board were
made a5 follows: the map was photographed ap to the reguired
geale, and ax many prints were made as there were pontour inter-
vals to be represented—in a model of the United States of 1,000
feet contour interval there were fourleen prints.  Thirteen of
these were mounted upon card-board of the pxact thickness re-
quired by the vertical seale, and one upon the basehoard, Al
large paper comphnies use 8 micrometer gange, and card-board
can ousily be obtained of the exact thickness required—even to
less than the thousandth part of an iueh. The lowest contowr
wos then eawed out upon s scroll saw, and placed upon the cor-
reaponding line of the map mounted upon the base-board. This
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process was repested with each of the sneceeding contours until
all were placed and glued into their proper positions, At this
stage the model presents the velief in a series of steps, each step
representing & rise corresponding to the contour interval, The
disadvantages of the method lie in the fact that unless the great-
est care s exercised in making the photographic prints there will
be considersble distortion, owing to the stretching of the paper
in different directions, amd ﬂﬂl‘.lﬂ-l]'l'.iulﬂlt.l:' much trouble m fitting
the contours, If oare be exercised in baving the grain of the
paper run in the same direetion in all the prints, trouble in fitting
the contours will be much redoced, but the distortion in one
direction will remain. In our experience this distortion amounts
to about two per eent.; in other words, a model that shonld be
fifty inches long will in reality be fifty-one inches ; but, as this
¢rror is distributed over the whole fifty inches, it 8 not too great
for an ordinary model. If greater acourncy be required, it oan
be secured by transferring the contours to the card-board by
means of tracing or transfer paper.  The great advantage of the
photographic method lies in the faot that when the model bhas
been built up, with all the contours in position, it presents & copy
of the map itself, with all the details, drainage, ete., in position,
instead of blank intervals between the contours. Soch details
and drainage are 4 great help in the subsequent modeling.

The pext step in the process is to fill in with clay or wax the
intervauls between the contonrs. I have always found wax more
convenient than elay for this purposé as, unless the surface coat-
g s A thick one, the clay s difficalt to keep moist, To obviate
thie difficulty, somne modelers huve used ¢lay mized with glycerine
instemd of water ; this, of course, doea not become dry, but the
material 15, at ite hest, unsatisfactory.  The filling-in process 1s
the maost important one in relief map making, for it 18 here that
the modeler must show his knowledge of, and feeling for, topo-
graphic forms,  Some models seem to have been constructed
with the idea that when the contonrs have bhesn ncourately placed
the work of the modeller is pruotically done, This I8 a great
mistake. The eard-board contours are only o means of control,
cocupying somewhat the same relation to the relief map that a
pore. or base of bricks, or a frame of wood, does to other con-
structions as, for example, an architeetural ornament or & bust.
It is sometimes neoeskary to cut away the eontour card ; for, as
has besn already explained, 8 map i more or less generalived, aml

B
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a contour is frequently earried seross & ravine, instead of follow-
ing it ap, as 1t wonld do if the map were on a larger scale.  Such
g'nmmﬁr'mg is of course pdzrfr!ull}r proper o o map, but, with the
same seals, we expect more detal in a model. The modeler must
have judgment enough and skill enongh to read between the
lings, and to undo the generalizing of the topographer and
draughtsman, thus supplying the material omitted from the map,
Thik can be done without materially affecting the socaracy of
the model, considered even as a copy of the contoured map.

The oontours of eard board or other material are, let me
repeat, only & means of control. The perfect modeler—a variety,
by the way, yet to be evolved—would he able to make an acon-
rate relief map without them, in the same way that other subjects
are made ; a8, for example, a flower panel, an architectural orna-
ment, or any other subject in low relief, where the object sought
is artistic effect and great acourncy is not & desideratum. [t is
the converss of this ides that has prodoced the numerous models
that one sees ; accorate enough, perhaps, but wholly expression-
less and absolutely without feeling, Thia s the great fault of
nearly all models made by bollding up the eontours in wood and
then earving down the shoalders. Tt is then necessary to sand-
paper them, and what little charaoter they might otherwise have
hod w comgpletely obliterated by the sand-paper. Buch models
almost invarably look wooden.  Let the modeler, then, have a clear
comeeption of his suhjest and not depend wholly on the contours,
and let him work out that vonception in his model, * sontrolled ™
and helped by the contours, but not bound by them ; the result-
ing model will thus be far more satisfactory and a far better rep-
resentation of his subject, in other words, it will be more life-like—
more nearly truoe to nature.

The model, provided it be not of elay, is sometimes uéed in the
state in which it i8 left when Hmashesd. 1t 18 mueh more common,
however, to make a plaster mould, and from thie o plaster cast,
For this purpose 8 moulder e nsually called in ; but moalders as
A rule are ignorant men, sceastomed to one line of work only, and
the result in not always satisfactory. It is mueh better for the
modeler himself to do this work, thongh to obtain good results
from plaster it is necessary to know the maternial thoroughly, and
this knowledge comes only from experience. The mould is gon.
erally made quite heavy, in order (o stand the subsequent hard
treatment thut it may receive, and should be retouched and thor-
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oughly dried before being prepared for the cast. The method
used by some modelers of placing o frame abont the model and
pouring in the plaster, Alling the frame to the top, is a crude and
very wasteful ooe nnd not at all to bo recommended. In a model
of large sime—sny seven or eight feet square—it wonld require a
derrick to move the monld. It is wholly unnecessary, a&, with o
small amount of care, a good mould ean beé made not mors than
an inch thick, or, ot most, an ineh and a half. The drying of the
mould before nse can sometimes be dispensed with, but is always
desirabile.

Nearly all American moulders (as distinguished from French
and Italian ones) vamnish the mould, and thus lote some of the
tinest detail and sharpness, This is unneceasary, The mould ean
b eamly preparsd with a solution of soap 80 as 0 lesve nothing
on the surface but a very thin coating of oil, which is taken up
and replaced by the plaster of the cast,  OF course, if the model
b been sand-papered, oo fine work in moulding or onsting 1s
neceseary, as there is nothing to save, If the subject is & very
intricate one, with “ underouts” {as they are called), it is custom-
ary to make 8 waste mould ; as this is very seldom necessiry in
relief map work, however, the process need not be described.

To make the cast it is only necessary to repeat the processes
used in making the mould, With great care and some skill a
cast can be produced bat little ioferior in point of sharpness and
detail to the original model. It 18 customnary to make the cast
very thick, and, conseguently, very heavy: this is unnecessary.
In our work we seldom make a cast thicker than one inch, and
yet are never trombled with changes 1n the model after it is
timished, Even in a very largpe east (now in the National Ma-
seum), weighing nearly 1,500 pounds and presenting a surface
of over 180 square feet, the wverage thickness is less than one
inch, slthough it required over five barrels of plaster to make it
The cast, after being thoroughly dried, should be finiahed—all s
imperisotions being carefully repaired, The surface, howwver,
should ba touched na little us possible, as the slight mﬂghnén of
surface that comes fiom the original model, through the mould,
i# removed by any tooling, This roughness adds mueh to the
effect of the model ; in fact, where the scale 18 large enouph, it is
sometimes desirable to emphasize it,

The proper way to paint & model is-a matter that mnst rest
principally upon the judgment of the modeler, depending to some
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extent, aleo, on the use to which the model 1= to bhe put. The
plain cast i sometimes used, draipage, lettering, ete., being pat
direetly upon 1t. This has the advantage of preserviog all the
detail that comes from the mould, but it has also the disadvan-
tage of 8 surface easily soiled and impossible to clean. 1f the
model s to be photographed, the surface shonld be neariy white—
in our practice we nse a small amount of yellow with the white.
This yellow is hardly appreciable by the ave, but its sffect upon
the photographie negative is quite marked. Yellow becomes
grev in & photoegraph, and, in a photograph of a moddel colored as
deseribed, a grey tint is given to the whole surface. The high
lights are not pure white, and there 18 no harsh contrast hetweon
light and shade. There is another point of great importance in
photographing models : the surface should have a dead finish—
that is, shonld have no glose, or, st most, should have only what
in known among painters as an egg-shell glosa It is almost
impossible satiafactorily to photograph a model that has a shiny
surfuce. Any portion of & mode] that it 18 desired to separate
from the rest should be painted a different color—the water, for
sxample, should be painted o light blue ; not a blue composed of
indigo, however, or any of the groy blues, as these prodoce in
the photograph & dead grey, and are not plessant to the eye
The most satisfactory color that we have used is & mixture of
aobait—the purest of the blues—with Antwerp blue—which is
guite green—and white. This gives 8 color that is pleasant to
the cye, has the retreating quality to perfection, and photographs
well.

Models intended for exhibition ae such should be painted real.
istieally. There is room here for Bn immense improvement in
the usual practice, which i to paint the model either in some
conventions! scheme of light and shade, or else 1o put a single flat
tint npon it. If the model is to be colored conventionally it is,
in. my opinion, much better to use a flat tint, light in tone, and
with a dead surface. The use of a vanety of colors upon the
face of 4 model interferes materially with the relief, especially
if the relief i finely modeled. For this reason models colored to
indieate geologie formations should always be sccompanmed by
duplicates representing topography only, colored realistically, if
possible, and without lettering, Well-defined lines other than
those pertaining to the model itself, such, for example, as those
uped to define the boundaries of geologic formations. should not
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be allowed upon n model when it is desired to bring out all the
relief. The lettering on such models should be kept down as
small as possible, or wholly dispensed with. The Iatter is muoch
the better method.

The cheap reprodoction of models i3 the most Important
problem connecsted with the art, and the one that is attracting
moat attention among those engaged in it ; a8, until models can
be reproduced cheaply, they will never have any wide distribu-
tion and there will be far loss inventive to the modsler. Various
materials have been smuggested and experimented on, but nine-
tenths of the models that sre made to-day are made of plaster of
Paris.  Although this materia]l was the first to be osed for this
purpose, it has not yet been superseded. A plaster cast is heavy,
expensive and easily injured; but plaster gives an accurste eopy
of the onginal, rethine permanently the form given it, and is
camly finished and repaired. The weight is an obstacle that can
e easily overcome. By the inoorporation in the plaster of fine
tow, or of baggring or netting of varions kinds, the cast can be
made very light and at the same time strong, but the expenss is
iereased rather than diminished by this method. Models made
in this way, however, have the advantage that when broken the
pieces do not fall out, they sre, however, fully ax liable to surface
injury ns the other kind. The Inrge cast in the Nationnl Muoseam,
before referred to, was made in this way., It weighed neariy
4,000 pounds when boxed—not an easy thing to handle—but it
stood shipment to New Orleans and back without suffering any
materinl injury. This would hardly have been possible had the
cast been made from plaster alone.

Paper seems, at first sight, to be the material best adapted for
the reproduction of models ; but no one has succeeded well
enough with it to bring it into use, Like nearly all those who
have given this subject sttention, [ bave experimented with
paper, bat the only positive result has been 5 loss of & large part
of the confidence that I onee had in the suitability of the material,
Paper bag been used extensively for large scale models of pueblos,
riing, ete., but I have never obtained s satisfactory result with
subjects in low relief and fine detail. A paper osst may look well
when first made, but it sbsorbs moisture from the atmosphere,
and contracts and expands with the weather. The contraction is
npt to flatten ont the model and the expansion to make it buckle up,

Casts of models have been made in fron ; but this, while suitable
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perhaps for models of mounds sand subjects of like charsuter,
would bardly be applicable to small scale models with fine detail ;
such oasts requoire too much surface finishing. The material
known as Lincrusta- Walton scems to me to be the jdea]l material
for this purpose. It is tougher than rubber, will take the finest
detail, and ite surfaee can be treated in any way desired, Uafor-
tunately the manufacture of models in this material would require
expensive machivery, and is outside the scope of a modeling
room, Should it ever become commeraially advantageous, how-
ever, casts of o model of ordinary size, in every way equal to the
eriginal, can be turned out in this material at a very small aust.

It remains to speak of the reproduction of models by process.
engravingy—a method that will probably receive much more
attention in the future than it has in the past. It is perhaps
slong this line that the cheap reproduction of models will develop ;
but the subject is too large 2 one o be adequately treated here,
and must be postponed until pome future ocension.
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NATIONAL GEOGRAPHIC SOCIETY.

ABSTRACT OF MINUTES.

Optober 5, 18688, Ninth Meeting,

A paper was read entitled, * Topographic Models,™ by Mr.
Cosmos Mindeleff. Publisbed i the * National treographic Mag-
aring,” Yol I No, 3.

Qotodier 10, 1885, Teneh Meeting.
The attendancs being very small, no paper was read.

November 3, 1588, Eleventh Meeting.

The paper of the evening was entitled, “ Boarveyrs, their Kinds
und Porposes” by Mr. Marcus: Baker. The paper was discussed
by Messru, Ogden, Goodfellow, Gannett and Baker,  Published
in * Boience,” Vol. XII, No. 304,

November 10, 15888, Theelrth Meeting.

A puper wan rend by Mre. Henry Gannett, giving certain
“Phvsionl Statistics Relating to Massachusetts,” dernved from
the map of that Smre recontly prepared by the United States
Goologieal Survey, A discussion followed which was particl-
pated in by Messrs, Haker, Kenaston, Feraow, Weed, and the
anthor. A socond paper entitled, “ Something ahout Tornadoes,”
was read by Lieot J. P Finley, U, S, Signal Corps

Novenrlor 30, 1888, Dhirfeenth Morting.

The annual reports of vieo-Presidents Herbert G, Opden and
Gen, AW, Greely were delivered.  Published in the * Nations]
Geogruphic Magazine,” Vol 1, No. &

Drecember 20, 1988, Fourteenth Medting,

Huold in the Law Leoture Room of the Columbian University.
The President delivered hiv Annual Address, entitled," " Africe™

P'ublished in the © National {'::EI:IETH.I,}'.I.EI: Ha,g'u.ﬁnr_,ﬁ Yol I.*Hnn. 2.
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Drecernber 28, 1888, Fifteenth Meeting,

The Society met in the Society Hall of the Cosmos Club,
President Hubbard in the chair. Owing to the sbsenee from
the aity of the Secretaries, Mr, 0. H, Tittmann was requested to
aet a2 Secretary of the meeting. The minutes of the first and
fourteenth meetings were read and approved. The report of the
Seoretaries was read, in their absence, by the Lemparary Secre-
retary, and was approved. The Treasurer's report, showing a
balance on hand of $0268,70, was read and approved, as was also
that of the saditing committes.

The Prosident announced that vacancies caused by the resigna-
tion of two of the managers, Measrs, W. I}, Johnson and Henry
Mitchell, had been filled by the Board on the 15th of November,
by the election of Messre. O, H. Tittmann and C, A. Kennston :
and that a vacancy caused by the resignation of Vice-President
John K. Bartlett, had been filled by the election of Lient, George
.. Dver, on November 3o0th,

The Society then procecded to the election of officers, with fol-
lowing result :

Presidenl —{zAnnsEr G HUanago.

Vice-Presidents—HERBERT G. Oupgn, [land]: Geonoe L. Dy, |seal;
A. W, Onewy, [nir]; O Hanr Menmiwy, [life]; A, H, THoMpson, [art]:

Treamuresr—{HARLES J, HrLL

Recording Seerefaryg—HENRY (GANNETT.

Clorresponding Secrefary—GEonGE KENNAN,

Mavagera—ULEVELASD Aupe, Mimncus Baxen, Rooees Biae JE.,
G. Browsg GoopE, W, B Powerl, J, © WeELLING, (. A. KEXasrox,
L, H, Trrraass,

Janwwry 11, 1868, Sicteenth Mesting.,

The paper of the evening was entitled, * The Great Plains of
Canadn," and was presented by Professor C. A, Kenaston, of
Hownrd University.

vanuary 35, 1860, Secenteenth Meeting.

The paper of the evening was entitled, * Irvigation in Cali-
fornia,” by Mr. William Hammond Hall, State Engineer of
Cultfformin, To be published in the ¥ National Geographic Mag-
aming,” Yol [, No, 4,
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February 8, 1880, Eightesnth Mesting.

The following papers were read by Prof. W, M. Davis, of
Harverd University :  * Topographio Models,” and *“ Certain
Peculiarities of the Rivers of Pennsylvania.,”" Puoblished in the
“ National Geographic Magszine,” Vol. I, No, 3.

February 22, 1880, Nineteenth Meeting.

The paper of the evening was entitled, * Round. about Ashe-
ville, N. C.," by Mr. Bailey Williaza. The paper was illustrated
by charcoal sketches and lantern slides. Discussion follpwed,
which was participated in by Messre, Baker, Merriam and MoGee,
To be published in the * National Geographic Magazine," Vol. T
No, 4.

March 8, 1880, Tiountieth Mesting,

The following amendments to the By-Laws were adopted.
[For Artiele VI subatitute the following] :

ARTICLE VL
MEETINGE.

“ Regular meotings of the Socioly shall be held on alternate Fridays,
from November until May, nnd exeepting the annusl meeting, they
shall be devoted to eommunioations, The Board of Mansgers shall,
however, have power o postpone or omit meetiogs, when decmed
desirmble. Specinl meetings may ba called by the President,

*'The nnnus] meeting for the slection of officers shall be the last reg-
plur mecting in December.

“* The meeting preceding the nnnmal mesting shall be devoted o the
President's annusl address.

“ The reports of Lhe reliving Vice=Presidents shall b presented at the
mestings in Jenuary.

YA quoram for the transaction of bukiness shall consfat of twenty-
five notive membera. "™

In Article V, the following paragraph was introdaced immedi-
ately after the first paragraph of the article :

“The diueca of membears elected o November and December shall be
eredited to the sucesading year.”

The following papors were then presented : “ A Trip to Panama
and Darien,” by Mr R . Goode, and * Survey of Mason and
Ihxon's Line,” by Mr. Mark B, Kerr.

A Trip to Panama and Danen, to be published in the * Na-
tional Geographiec Magszine,” Vol, I, No. 4
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Mareh 24, 1880, Tognuty-irst Meeting.

The paper of the evening was entitled, * Recent Events in the
U, 5 of Columbia,” by Mr. W. E. Cartis. The discussion which
followed was participated in by Messrs, Baker, Gannett, and

others,
Aprid 5, 1889, Teenty-second Meosting.

The paper of the evening was entitled, “ House Life in Mexico,”
by Mr. A, B, Joluson,

Agiril 19, 1888, Thoenty-chird Mesting.

This meeting was devored to papers apon the Samoun Islande.
The following programme was presented :

“Bamon ; the General Geography and Hydrography of the
Islands and Adjscent Seas" by Mr. Everett Hayden,

“ Ulmste,” by Prof. Cleveland Abbe,

“ Narrative of 2 Croise Among the Islands” by Capt. R W.
Meade, TV, 5. N,

#*The Home Life of the Samoans and the Bowsny of the Ial-
ands," by Mr, W, E, Safford, U, 8, 'N.

May 3, 1880, Twentyfourth Meating,

The paper of the eveming wns entitled, * Across Nicaragua
with Transit and Machéte,” by Mr, K. E Peary, . S N. To be
published in the ¥ National Geegraphic Magazine” Vol I, No, 4.

May 17, 1886, Teenty-firth Meeting,

The paper of the evening was entitled, * The Krakaton Erap-
tion,” by Dr. A, Grabam Bell. The paper was discussed by
Captain C, E, Dutton.
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| Tronalated by Mr. R L. Fevel.)

INTERNATIONAL LITERARY CONTEST

To be held at Madrid, Spain, uoder the suspices of - the Commission in
charge of the celebration of the Fourth Ulentenminl Anniversary of
the [DHecovery of America.

Procuan.

The work for which a price is offered i6 to be a prose essay, i
true himstoric picture giving a just estimate of the grandéur of
the occasion to be celabrated.

So much has heen written on this subjeet ginee the opening of
the XVIth century that ¢ wonld seem difficult to say soything
néw and good. Perhaps the details, perhaps the circomstances
in the life and acts of Columbus are worthy of no little ressarch ;
but already the Roval Academy of Historyis engaged in the
erudite and diligent task of bringing together and publishing
the un-edited or little known papers bearing on this guestion,

The book required by this contest must be of 8 different nature ;
it must be comprebensive and synoptie, and must be sufficiently
concisé without being either obseure or dry.

Althongh there 1= an sbondance of histories of Ameriea, of
viryages and diseoveries, of geographic soienoe, and of the estal-
hehment of Europesns in remote regions of the earth, there is no
book that sets forth as it can be done the combined eftorts of the
nations of the Iberian peninsula, whe, sinee the commencement
of the XVith century, have, with a fixity of purpose and marvelous
tenacity, i almost & single centary of silent efforts brought
about the exploration of vust cootinents and islands, traverssd
scas nevar before cut by Christian prows; and in emulous strife
obtained almost a complete knowledge of the planet on which
we live

There is a growimng interest snd manifest ooity in all those more
important events ; not o mention the cireomstantisl evidence
borne by the charts of 1375 and the semi-fabulous voyages, such
as that of Doria vy Vivaldi and others less apoeryphal though
isoluted and barren of results, like that of Ferrer, begun in 1434,
when Gil Ennnes doubled Cape Bojador, discovered Guinea, and
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dispelled the terror nspived by the anknown ocean, and ended in
1522 with Elosnos arrival st Sanluesr after cirenmnavigating the
ylobe,

In all this sctivity very little ocours by chance. The pro-
gressive series of geographio diseoyeries, doe to persistent pre-
meditation and not to aceident, was inangurated at Sagres by
the Infante D. Enrigue and his illustrions pilot Jaime de Mal-
lurea.

Well might Pedro Nufies exolaim that from that time forth
until the form and size of the terragqueous globe were thoroughly
known, the most to be obtained would not be firmiy established,
“unless onr mariners sailed sway better instroeted and provided
with better justroments snd rules of Astronemy and Geography
than the things with which cosmographers supplied them.”

The culmination tn the progress of that besutiful history falls
on the 12th of October, 1482, when Columbus was the first Euro-
pean to et foot upon the intertropioul shores of the New World.
But this act, considered apart from its intrinsic value, as purely
the individual inspiration of a muriner und the generous enthu-
singm of a patron Queen, derives & higher value when regarded
a5 part of a summation of efforts, & grand development of an
idea, & purpose to explore and know the whole globe, to spread
the name and the luw of Christ together with the civilizntion of
Europe, and to reap n harvest of gold, spices, and all the richea
of which costly samples and exaggerated reports were furmished
by the traffic of the Venetians, Genoese and Cataloninos, who in
turn got them from Mossulmans.

Doubtless the moving eause, whose gorgeous banner so many
men of our F-E]:liﬂ:lilllil. followed, waus elothed in great sentiments,
good or bad ; their hearts were filled with religious fervor, thirst
for glory, ambition, Christian love, oupidity, curiosity, and vio-
lent dissatiefaction (even during the Renaissance), to seek and
nnderge redl adventures that should surpass the vain, fruitless,
and fanciful adventures of chivalry ; and to make voyages and
conquests eclipsing those of the Greeks and Romans, many of
which, recorded in classic histories and fables, were now dis-
interred by the learned.

What must be deseéribed is the complete picture in all its
sumptuousness &0 that its magnificent meaning may stand out
distinetly, without which the conviction wounld be lacking that the
staudies, voyages, and happy audacity of Bartolomé Diaz, Gams,
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Alburguerque, Cahral, Balhoa, Magallanes, Cortes, Pizarro, Orel-
lann, and a hoat of others, do not dim the glory of the hero whose
centennary is to be celebrared, even though it heighten and add
greater loster to the work of civilieation begun by Portogal, | . .

The hiook here vu!nml:r putlived mast aldo contain o mm]:lﬂﬂlﬂ-
oug introduction, notices of vovages, idess, snd geographic
progress up to the date of I, Enrique's establishment at Sagres,
and an epilogae or conelosion of gprester extent, in which are
cxamined and weighed the changes and progress that our sub-
ject has muade, collectively, in the eivilization of the world—in the
commerce, economiss and politics of the peoples, in regard to
the broad field opened to the intelligent aotivity of Europe, over
which it eould spread and dominate ; the abundance of data,
sunken hopes, and more secure basis lent to the studiows and wise
for the extension of our knowledge of Nature, the unraveling of
her laws, and penetration of her mysteries,

The wast, elevated argument of the book roguires it be a
finished work of art, not in fullness and richness of diction, bot
in plan and order, in sobriety and unity of stvle, whose nohility
and beauty must lie in simplicity of phrase, correctuess of judg-
ment and richoess of thought, -

There may enter into this sontest any anpublished work written
to this end in Spanish, Portugnese, English, German, French or
Italizn.

The tribunal that is to award the prige will be composed of
two members of the B Acad. of History, and one member from
each of the Spanish H. Academies of Moral Seiences and Politics,
and Exact and Natural Beiences—all to be chosen by the Acade-
mies themselves

Furthermore, there will be included in the tribunal the diplo-
matic representative of every power whose subject or subjeots
wish to enter the contest, which is to be done through said repre-
sentative or some person duly appointed to aet in his place,

The tribunal will elect its presidmg officer and will decide on
the best works by an absolute majority of all the jurors whoe take
purt in the vote

Each work submitted in this contest must be neatly eopied, in
legible writing, on good paper, without the suthor's pame but
with a quotation to identify him afterwards,

Each author will inclose a separate folded sheet on whose
exterior i written the gquotation he bas chosen and the opening



276 Natromal Geographic Mogazine.

setitenice of his work ; within, he will writé his name and residencs,

The folded sheets corresponding to the works that did not get
a prize will be burnt publicly without being opened.

Though it is diffienlt to set a limit as to size, the works should
not have more reading matter thar is contained in two volumes
of the shape and size of the complete works of Cervantes issued
Ly Rivadeneyra in 1563,

Il the plan or purpose of any of the works require it, there
may be added another volume of documents, maps, or other
iljustrations,

As it will take time to examine and judge the works, thev
should be sent to the Secretary of the R. Aead, of Hist. prior to
Jannary 1, 1808

Thore will be first prize of 30,000 pesetas (£5,790) and a second
of 18,000 pesetas ($2,495).

Besides this, vach of the two suecessful authors will recwive 500
copies of the printed edition of his work.

It rest= with the Centennial Commission to determine the num-
bet of eopies in the edition of each of the two prire works, and
what disposition is to be made of the copies that are not given to
thi nuthors. |

These (the authors) keep the right o re-print and to s¢ll their
waorks, and to translate them into other tonpoes.

The Commission, hboweyver, will bave the right, if ¢ither or both
prize works are in 8 foreign tongne, to have them transiated and
published in Castilinn,

T]I-."_ Commsiion affic their seal to the preceding directions for
the information of the public and government of those persons
who desire 1o participate in the contest,

Mudrid, June 19, 1889,

The Viee Presufent, Duss or Vegaova,
meoretaries, Jroas. Varena, Joax F. Ria®o,
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