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REVIEW UF PREVIOUS WAEK

The post-Paleosoie history of the Appalachinn pirovinee hns,
until recent years, hoon known only in the most general bers,
That the reglon hos been o lnnd area sinee the closwe of Carbon-
Marons thoe wes koown, and it was seswmed thal, &0 common
with vther lnnd arens it had Twon repontodiy olevatod and de-
pressid, vt the extonnt and chameter of thede movemonts, o the
mitertor at lenst, ware not only andooown, Dot mo Jata wero CHES
posd to oxist by which they conld be messured.  Along the
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wititgit of the provinve thig subaidemess are roonrded in the sedi-
menks doposited asthe sen transgressed upon the laod; and in
some cuses the aroonm of subsequent aplift is indieated by the,
recession of overlving doposita, In so far ns these oscillntions
have besn determined from sedimentary deposits, tach tmns
grossion of thi sea wits regardid s marking a continental depres-
alon, and el recession o comtinental upliftc - Within the past
few years, however, a complote revolution has beon effected in
thiy Iu.t{-rpmuﬂun of the post-Paleosoie history of this rogion.
Through the work of & fow pionvers in this field the nuniber and
vhureter of the prinelpal oseillatios nod their position in geo-
bsirie L s now fairy well know

The tirst svstematic applieation of the new methods of re-
search wos mnde by MoGioe in the middle Atlantie slope. (In
1550, in a paper on t’hn gonlogy of Chenpeake b, # he pointmd
ot the muthods pursned and the importanee of utilizging topo-
erapliie forms resulting from degruilation, a2 well as the comple-
mondury sédimentary deposita B interproting geologio history.
Try NSS4 hie more definitelv correlated the principal oscillations
with the =edimentary doposits, thus Gxing thelr position in geo-
ligrie e, and in o subsoguent paper § e made U voey inapors
tunt wendmltmtions that all cevations have been accompaniod
by seeward tilting of the land, amd that slong certuin axes the
oscillations have reached o, maximum amount, whilealong others
hoth, elovation and depression have been at & minimum.

Praviz & published the results of hig studies on the gaomor-
phology of the midile and north Atlantic gope shortly afier the

* The Cieology of the Head of Chiosspenke Bay, by W J Metice : Saventh
Aned Hopuert 17, 5 Geologlenl Surviy, 1885 pp. 450440,

+ Throo Fornudionsof the midd b Atlirdie Shope, by W J MeGiee 1 Am,
Jomr, el vall xXEY, [RKS,

{ The Lofuyétte Fourmation, by W | MeGes: Twellth Annval Hepiort
11. B Genlogien] Barvay, 1501, py. 06 - 5L

Gieology of Whghington aml Vieinity, by W Metion: Campte Reda
de la Congris Gdologique Intérmntional, bth Seslon, Washington, 151,
pp 210-201.

I Tl Bivirs and Valluys of Poansylvanis, Uy W. M, Davis: Nat G
Mug. . vol | IR0, pp. 18G-2RE

Thw googmphic Development of northern New Jersey, by W Hq Loavtin
and J. W, Waoad ¢ Proe, Boston, Soc. Nab Hhat, solo xstv, 1880, 'pp
G120,

Tha Hivers of northorn New Jersey, by W. M. Davls: 'mL (i,
Mag., vol. t, 1800, pp. 81-110k
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apponrnto of the irst two papors abavie cited,  He ling cnrried
his oleervationk somewhnt furthar towand the interior prud do-
soribies two well markod baselovel poveplains o mmstern Ponn-
sylvanin, New Jersey and porfions of New England, the formation
of which, ho aspeibes to long continued orosion o Cretocoons gnd
Tertinry time:. A geneml sowward tilting of the peneplain is
deseribied, but oo attompt i wade to lonte the axes of their
deformations. o BTS00 Dasds pablished o more somprobioisive
papiert bringing in reelew all previous pulilfestions oo the base-

levels of the Atlantie shope nnd disowssing the probable continun-
tion of the petweploing, found 0 the northern portion soutliwiest-
watd over e whold of the Appalachibn prdvines.

Thus the bromd outlioes and t6 somis sxtint thy efails of post-
Paleowaie astory of the Atlantio slope nnd Misisippl embav-
munt have been determaingd, buk for most of the inforor the
details are still wanting. The preseot papor s an attempt to
supiply in some measare this deficiengy.

L

FHE NMEOVINCE DEFINEID,

For present purpmses the southern Appalachion provines is
nq.,lmh-ll nd embracing the region south of the Ohio and Potomae
rivers aind Hinitel mwnnl thie wast, south, and st by thie Cre-
tavoous and thy liter formntivgs of the constid plain anil Misuis-
sippl ombayment.  One or both of the prisent wiltors afe puee-
sonally funiline with the grentor purt of this reglon, and many
observations madi in eonneetion with thi work of the Appa-
Inehian division of the United Stotes Geological Survey dre hore
for the fird time brought tozethor. The lomtion of the Fuician
ie oxeoptionally favorable for the stuly of its gemuorphology,
Surrounieal on throe siidoe by Mesomoie and later dioposits, the
relations of land aod water which pirevnilid during poest-Paleowoin
i and fairly well determined.  Thie chaieterof the sodimonts
surves W estublish correlations hotween them and thelr corre-
aponding ofoaion fentirds.  The inteseotion of croeston prlines
with ‘depiosith of known age serves 10 flx the date of cach erosion
poriod within narrow limits. Finally, the alsenos 6F glacintiob
andl glacinl depesats renders the intorpretation of tupogrplie
forms und of drainnge systerns much essier than in regions

t Tho pealogic Dates of Orgin of vortain tpogengdide Fortos on 1

Atluntic Slope of the Unlted Stites, iy W 38 Diavis: Ball, Genl Soe
Ntri., L T, 800, o, -545-SN1.
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whers gludation hes interfored with thelr nomial development
or mmsked their eompleted form.

THE PEONLEME ANI THE DATA.

Sinoe. the southorn Appalnohinn provinee, ss above definsd,
i stool] phove sealevol thronghoot the whole of thoe period
whose history & undor ennsidoration, et bistory mnst e ropd
in the topagmaphie fornae devaloped during the prcceds of anl-
aurinl degrdition aod in the pdjnstiments of drainage to ehnng-
g eomditinns.

The fundamental soneepition, in the interpretation of the his-
tory of n rewion from i3 topograploe formd, is the bdiselevel of
erapioi.  Tho formation of & genetdl bitselovel penojilain froplies
the long vontineanon of cortain woell defined condifions, so that
whorever the prosence of such o penoplain epn be estobiishd
the formar existence of these conditions may be safely inforred ;
aleo it can b formed only near sealovel ; honee by contouring
the presont ronnants of a basdlovel peneplain the contour at any
point Tepresents very nearly the algebenie sum of all changes in
altiturde which that portion of the plain hos suffered.

e the sonithern Appalachian provines the more or les -
feotly preserved romnnigs of two baselovel pongplains have been
mapped sl thele deformations mpiresentod by contonrs; tha
vonditions implied by these baselovels havo boen inferred ; their
prabnble cortelutions with the contemporaneois selimoniary
doposits indicated ; and finally the development of the drainage
has beon traeod throogh a complex seres of adjustmonts upon
the repeatedly deformed surfes to its present matare location.

Pair T—Puvstoaarme DEVILorsesT,
SLAREI P POy i YepragRA PTG FRATURES )Y T'HE PEOGTPIRGE

The southern Appitlachinn provines hos certuin togiographie
fotures. soprmon thiroughont s entive oxtent.  They are 2o
il ifiodd Tiw loeal comditions that thore identigy in different por-
Wz of the provinee woulth seareely by recognizod by the casunl
ohserver, bt to the student of geomorphology they stand out as
the most prooinent feature of the lendseape and be rends from
Hor ooy chapiters in the bistors of the provines rlunngjmut-r
Palowsode thne.  AWith our presant inforimation we are able w
olnssily thess topogrmphie forms and to teee with considemb]e
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eertuinty the more prominent features over the greater portion
of the provined. In somwe portions lack of dafa prevents the
ilantiflontion and eorrdation of these fories, but it 8 prolinhle
thimt frrthor study will show the same feataees thete a=in the
better known regions.  The identity and practical continuity of
eertain fopogemphio forms have hoonclearly proven through the
major portion’ of the =oathern Appdsching provipnes, wmd, by
othur writors across Ponnsyivanio, New Jersey and the grenter por-
tlon of New Enelamd, so that the combitions and sgencies which
pescdesd them must hove provadled aniformly over wide areas.

[ wildition to theae pringipal topographide formes, thos e
mnny minor featnres which' doabitless recond briel and Joeal
vonditions, but it most casas the data at hand are not sufficlent
for their determinntion.

Inferenors from the obferved topogrplie formis haok: to the
eonditions voder which they were produesd necesanrily invelve
elements of unvertainty, sl the writers are fully aware that
some of their conclusions are open to question and may be mod-
ifiwl by further study. |

The clusification of thy muin Wwpegeaplde fentardd of the
provine: 4 as follows:

L. Elevations standing above the Crelaceins peneplain.

2. Deformod Cretocesus penepladn,

3. Intormodiste onosbon siogws.

4. Defirmod Tortiney poneplain.

5. Pest-Tortiary erosion slopes.

Of these five classes the two boselovel penoplaing are most
important to the stodent of goamorphology, for they render it
possible to intorprat the meaning of the other topogrphic fes-
tures and to fix the dates of their origin in geologie time

‘EEEVATIONE ETANDING ARMOFE THE CERETLICRGES PEXENLAIN.

The oldest topographle forms finond in the soothem Appa-
lachinn provioee srie those poctions of the land which were not
redueed to baselevel during the Jong period of Oretecsous epo-
fion,  These summits may possibly mark the position of ostill
garlier baselevel peneplain; but if so, the momoaats wree g0 fiow
that wi ame unableto reconstruct tho anclent plain.  Protected
by o Bavorabile location with refurence to drainags Hnes or come
posid of exesptionslly durable mieks, they stoed doring the
formation ef the Cretaceous peneplain in low religf above the
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fevel surfoce and still romain as molated  penks, ridges or moun-
tain gronps above the emiants of that pliine  The distribution
and relntions of these remnunts will be more snsily unilerstoml
afier the Creetaccons pencpliin has boen degeribed in detal] ;
hwmon their considemtion will b deferred and incladed under
the phvsiography of the Crotaeesous peneplain.

DEFORMED CEETAREOUS PENEFLAIN.

The oldest topegimphic festure that can be identified with cor-
taktity in this region, one which forms the basis apon which ull
Inter history has beon reconded, is a more or leas perfoctly pre-
sorved hasolovel peneplain.  The rensons for gadribing it foring-
thon to Crelacoons thne are given in o subseguent part of this
papier and its Cretuceous nge may De assanied for the pressnt
Prembitless, at earlicr poriods the surface of the provinee haod
boen beselevelol again omd agnin, ot suhseruent erosion hias so
modified these earlier forms as to leave them unrecognizable,

Courlitions qf Devefopmont—The eomdition under which a plain
of eroston will be formed t& long-oontinued stability of baselevel,
anid as biselevel 5 usaally dotermined by seilevel, the esentisl
comdition 3 thet the relative position of land sod sen shall re
miin unchanged for s peried long enough te allow, the agonts of
crosion to enrry their work towanl eompletion and redues the
surfnon of the lund to driinave-level, the haselovel of arosion,

Daring Cretnecons time the condition of stability prevailiod
i this region for the longest peciod of ‘which we hove any
reaord in its history : for, while i) i= o popular balief thot the
normel eondition of the earth’s crust is one of stability, tho re
vorse |8 shown to be truo of this region.  Tts history in post-
Pulecanie titne 15 o rocord of almost continuous orogenic move-
rent—extremely alow, it is troe, bot with sufficient tine allowaod,
capithle of produeing the greatest deformations with which we
are moquainted.

Throughout this period of exeeptional guiet, eepsion wos in
progress, roducing the surfioe townnd basclovol —rapldly at first,
s tho Tamd was high nnd the slops stoup, bt al 4 fte growing
prtadunlly Jess aoud less as the geadient of the steeioms deeredssd
awd with it their ability o mrery off’ the wnste of the land. As
the gradient approached its Towest limit the minoral mattor
remaoved from the land was almost wholly o solution.  This
promess ontitinged, rodusing to baselovel finst the soft and soluble
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rocks, and then, less porfectly, the hander rocks; the dogeoe to
which it was carried depending lorgely upon their locstion with
rofercace to the margin of the ses or the largor streams, o this
manner tie greator portion of the provitnes wis reduced to gn
alimiort featureles= plain, . The surface over hand and soft bids
atike wous smoothed vntil gentle slopes and low relief replaced
the sharp doclivitios and I-nbh clovntipne which ||:1:erw1 the carly
stuges of the provess,

Following the poriod of qudessimod above desoribed catine one of
epeiropenie aetivity, and the process of baseleveling was hrought
to i ond,  Thi bind was olevated aod the stroams Begon imow
the rapid tremehing of & surfece; e the Jand wis olovatod
uneguntly, mnd ss 0k nrosy thy surfaoe wos warped  and fwisted,
Where the elevation was greatest the emsion wns mest active,
anil quickly destroyed’ the symmetry of the surfice, in some
pladey peoducing & deoply cob mountuin regon, the sumimits
nlone marking the pastion of the former peneplain ; where the
slovation was shight the surfaoe reropited practically anchunged
ol nll grodations exist botwoen these ex trotges—<on the one nod,
whare the prmeplabn i& wholly destroved] and oo thie othet, whero
it 1a perfoetly preserved,

Although the whole province, os stated above, boad boen e
dueed to an almost featureless plain, the charmeter.of the ander-
Iving rooks modified to o very slight extent the ehamoter of thot
plain,  The soft miks were somewhat more perfectly rodueced
than the hard rocks. Still the difercences were not strongly
marked. When, bowever, the nesrly perfect pluin was elivated
windl the notivity of the strenms was pevived, differences in the
wnderlying rooks booamie nll nportant in determintng the degroo
to whivh the plain would be preserved.,  Where the Pocks warn
soft it was rapidly destroyed, amd whore they woié hard 36 las
retainod in boge measare its orginal foem. Henee the peneplain,
although originally quite aniform, now shows groat diversity
and presents sovernd distinet types; depeniding jointly on the
wmount of elevation and the chamaoter of the underlying rocks.

Western margmaal Type—In gsgmoml arcuod the margin of the
provinee this penepliim has bean almost entirely obiliteratod by
Iter erosion.  Especially i this teae in cenfend. Tonmesspe
Kontieky, where Bovestone oceupied the basclevelad surface or
Iny beneath s thin cupping of sanidstone,  When erosion wos
revived upon the poneplain by its elevation the streans golekly
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wink their channels to the asemid basalevel and almost com-
pletily romuoved  the intervening portions. Hencve thore are
anly i fow widely sepamted otitliers of the Cienbiorland plateat
whone snriniits still wark the saefieo of the puhul‘nlui_n. Ono of
b ot gy pical of Lhese outlives 18 Short tountain, in centeal
Tennessen, which rises 1000 fiet above the sorronmding Level
plain. 1t bas nbout the spme altitwdo and is rﬂppc-d by the sgmn
bard samdstone an the Comberlaomd  platewr, 200 miles Jistant,
The intorvening low plain is underlain by lmestone, which, on
tho remivinl of the sandstone oap, offered comparatively fittle
pesistiunoe to degrdation, so that ouly & comblnation of avorlile
nendidents has preservidd this remnnnt of the old pooeplndin e
continnous daver the whole pegion,

Plinteriin Typhe—This s verey diflecent from Lha foregoing, ehietly
i the degree sod maonae of s preservation. In the groat Ap-
palnohinn coal beasing south of Comboeland gap, the rocks aee
compararively undistiched.  Along - certain lines navow anti-
clinal folds have developed, leaving bropd basins between,  The
amticlines have been eroded, and the synclinal basins, with their
it Iving strata, coustitntes the moyntains or mare properly the
plntesus of this mgdon.  The form of the livel tappred plitenus
o by atiributesd to the sbitade of the strta, especially whire
the surfhon i formed by the preat Carbaniforons eonglomemte,
s 18 the st over oost of the region; bt elose stady shows thst
this uniform surfhoe doo not always correspand o the geclogie
structird, but I8 4 more or less perfeet plain, tegardles of the
attifade of the strow.  The fow Jow knohs and ridpss which nse
shove thig common level are truly monpdnooks® stapding out
in wtrikcing contrmst to the aniform surface below.  They gon-
rrally benr no definite molation o the outerop of the harder
bl but appisr to be cue ether to the acnldinits of erogion and
remabeness foomme muin deadopge Hoes,  Thess feseiti rase pirevail
throughont the cosl basin fron central Alabams te Kentucky.
Thé pluin Is well pieserved in the ssathern porton, hut T
it doeply dissected toward the north, untl] near Camberlacd
g thert romaim only o fow narrow temnants of the onee eon-
fimaons gurface, Tho comditions for the study af this pdain aeo
nonrdy Jidenl in the 1|'inl;:-uu regriony; whers 1L wns =p wrl‘nﬂ-liv

A torm bitely I:Hh-i b ‘lr‘i'" ‘li I'Hl-‘l-"l-ll o 1.lr-|u_.,|mnr Lhoiwies iminliiclend l...Il. Vi
Pl ptaridlinge above 8 bastloveled plain as monst Monadoork stanids
whwve they strecdirding pluln

H=Bae Gosa M vot. V1, el
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formed mnl o execllently preserverl. Tt can be traeed conting-
ously from an altitade of 800 feet in centiml Alalinmes to 2000
feet at the TennesesAlnbomn o, and thepes holding aboot
the same altitude, with slight irfezulorities, to Clupberland g
Northi of the Kontuekv-Tonnesson 1y the bdentiflention of  this
penoplain beeomies 4 much wore diffieult matter, for olevation
hes bwon greater and erosion more ppid  The rocks are gen-
erally soft and linye hean onable to preserve any extent of lovel
guefes ; boenoe the plain & glmost wholly destroyved,  Noterthe-
less, wpon caredul study of & wide anon, it 22 soom that along north-
pant-sonthwet Hneathers 5o marked uniformity in the altitude
of thie summita, aond oo teansverse Hnes an extremely resalar in-
crease in thele elevation wwand the interior. This gentle but
prat]ar slopd bears apparently no nilation to the sieuetore, nnod
there sevms 1o other exploontion but to regand this s an nlmast
complotoly dissectol ponoplain 'whoss surfive | roprisentad np-
proximutely by the summits of the isolated Jonobs.  The alti-
tudes of these remnants of the plain vary from 10900 or 1,400
(oot nenr the mouth of the Wig Samdy river to 4,000 fest near the
gontral portion of the Vieginin-West Vieginia ine. Abovp this
inclined peneplinin no summits rise nntil well toward the interior
of the reglon, where their ocoarrinee soemms to be due to the son
cittrees which prodaced monaduseks farther southwind, vie, un-
fuvorable laeation with referenoe Lo the main drainpee lines, This
i= 'well exemplified in the Kz Hoack metintadn on the stote Fine
betwern Kentosky and YViggioia, This irregulay monnotain fonss
near Big Stono gap is composed of upper Coal Messaries, oo hos
awn altitade of A 100 fee, while Pine mountuin, but a fow miles
porthwestward, is finely baselovelod ot aboot 25000 fout,  True,
thore is n great differencoe in pititade of the strata in these two
motmtaing, for in Pine moontain the Jdip (5 abong 307 sonthe
anstwnrd, while in Hig Black mountain the moeks are horizontal ;
but the former i= mode up oF 1200w 1,400 foot of hard con-
glomerite, Interbedded with shales and sandstones, while the
latter 15 composisd of the audinary shales and sandstones of the
uppor Conl Messures:  Apparently ' Bie Black mooantain owes
ita preservation to the preseties of Pine mountain on its northi-
westirt side, wlidh seted a= a barrior agminst erosion from that
directiog

Virllow Hidge Type—=In the Appalachdan valley the fype s more

uniform throughont the whole extent of the provinee and oo



Veariationa af Pipos i
sisth of thi even ceested ridges similor to these of Mennsylyania
which have Deen soowell deseribed by Davis® As a role the
ridges of the southorn Appalnchinn vallay am remnrkably svien
crestod nnd are unguestionably the remnants of w plain.  In
many cuses, however, morent liss witde sarintions from the fype
are found.,  Tn some instances & comtingoes but irregular ridge
seoms to mise quite above the pencplain, whild in others the
witid gaye hove n conslant altitnde el probably rdpresont thu
ol bnselevol, while the intervening portions of the tidge riing 100
ti B0 feet higher sthnd, now o thety, s o series of koobs above
tho genernl lovel.  On the other o, soms ridges onmposed of
liegs pvsistant rocks or OOUUPYING MmO pxposed positions have
boan s roduos] by anbsegquent emsion that ng points along
their orests resch the altitude of the poneplein,  [n reconstroct-
ing the peneplain feom the valley rigos, careful stidy i riguinead
to dotsrmine its trae position, aud in some vYerons comaidorable
ancertainty atinchos to the deteemioation,  On the whole, how-
svist, tie redinlts olpsionemd from the ridges are surprisingly con-
cordunt with those ohtaningd in wdjneent regions whore the plain
s hpttor preserved.

Smody Muwatin Tipe,—This type diffors altgither from those
proviously deseribod and consists almost wholly of Tmseloveded
villoys. They proviil from the viginity of Roanoke, Virginia,
to (urtersville, Georgia, giving rise to some prairie-like country
in the heart of the Smoky mountains. 1t was in these valleys
that this ponoplain was first recoznised.  Ina paper road before
this Society in 1899 Willis deseribnl the baselevelsd vulley of
the French Brodd river as fillows ¢

A broad suplitheater Tes in the ears of the Sorth Cnreling reonn-
tiees which form s eninolling walls: its longth bs forty miles foom north
o sootly miud lis widih ten to twenty miliee At iE southorn gits thi
Fronchi Beosdd river eitons ; theough the, northern gte-the same rver
Howe i, segmented by (e inany strsamd of He oxtopslyve widersiioed,

Frotn these water-cuirses tho ovien sriia e acoss with gentho sl
wy e surrounding hoighes. . . . Dot that Jovel loor exists o louger,
I it the rivers first sunk thelr cliannels, thedr tribytaries Sollowed, ti
gillios by which the waters gathensd despond, ind the okl plain was
thios dissseted. It in pow only yigiblo from those points of view froms

* T Bivers and Valloys of Pennsyleanbs, Ty W. M Davis: Nat Goog.
Mg, vol. §, pp. 155-251,

f Meosd about Asbevillo, by Balley Willie: Nt Goog. Mag., wol. 3, P
AE-3n,
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whieh nutinonds Of 1bs sirfacs hll Inlo n eowunon plene of vislon,  This
A the aose whenever the abaserver stunids apon the I.r-n'-]: of W oli] srome
He sy thes swows with & glanie e praflle of & geermphie ponidition
whiel hos g sincd passisl awny. '

Again, in epeaking of its altiude and probable origin, he
HLYH L ®

We lisre reorgmibzel ot dlssetod illﬂhl. thie bevel of the Ashiyyille
ampliithonter, now 2400 Gt alove the s, [L was & sporfao s Dinies )

by wobwiérind arosiorn, sand s saeh 3008 eeibiies of s i et thie Fronh
Beoad viver and s of Trs tritmtnrbes s dridn this ane at ome thine mme
plotedl thelr woele upon W, manbiod & basalovel,

This buseleveled condition, ss deseribidd by Willis on the
French Bromsd, has betn found to chametorizs nenrly all the river
vallays of tho Gret Snioky mouhtans and bais boen obsireed
by the present writers on the Little Toonessos, Hiwnsioe ol
Oenowe rivers of the Tennesser system and on the Coosmwitiee
and Etownh rivers of the Alobama svstens The altifodes of
the hussleveled valleys vary considombly, but on the wholp
how b gratdual desvent smthiwestwand, Thus the altitade of
the preneplodn s 2400 frek nt Asheville, 2200 feot on the Little
Torinissas, 2000 fost an e Hiwnsses, 190 vn the. Dedece aml
L0 foet on the Cdosawatber. The propurtion of the surface
which was relliend to boselevel nlso fnerenses sonthwestward
und i northarn Georein, i plee of the baseloveled mountain
valleys, mnst of M surfaon wis relucal and adjasent Hyer Lasins
merge with low divides.  Thus tie upper basin of the Chostwat-
ten and Htowah present to the oye thie charctoristic form of
broad undulwting plaing partly onclossl by onnaing apd from
which rise the. goutle slopes of faland-like monadnoaks,  1n
detidl thess platos wre fonud to bo deeply etehed Ly tie present
atrvams, which flow o nireow recently-cut gorges saveral hane
deed foot bielow their goneral level,  Ou the Bowah tver and
sonthwird this onelosel vallsy tep disappesns and the et
plain wasnmis i difforont Toro, wlioh will e desrhied Tater,

Rlue B Typie.—Tlie writers wei loss fivniliar witl the raiinn
northwand from the Feonch Browd Hvor gnd the data for resomn:
straoting the Cretacoous peneplain wre liss abatdant.  The
tpagmphic maps, however, show quite stronge evidenss of the
existence of this poneplain in the rezion in quastion, though it

" ek, 2T



The Peweplivin in ivginia 0

i= ot s well warked s about Asheviile,  Considernble study
hins been given o the region just north of this provines by Duvis,
who suverosts in the paper sbove oited® the probabilite of the
extimpsion of the Crofaccous ponepluin over the entire sotthern
Appolochisng Thiugh he mukes no définite statements ng 1o
e elevation aid sttitude, yob ho concludes that the snmmits of
e Bloe ridge. south of the Pennsylvania line, probably repre-
somt this baselevel. The present writers have scarched guite
semrefully for definite ovidence ns to the existonce of the pene:
plain in this region and so fir have boon wiablo to find any-
thing cutimly satimfsotory.  That the region it question, was
beelesrulod bs condeded by all who are faniliar with its togop-
ey, bt the present elovation aod attitide of the penaplain
are s certain.  Southonst of the Blus ridge there sre o fow
dntlers or jsolated knobs stonding nbovo the Tortinry plaing
atnl thesy show a voiform albitade of about 1,000 feet. It
sogins scarcaly possible that these ontliers should have begn
redueed to 0 pearly & common level unlesa that lovel were the
hasolevel of eroston,  Tmmedintely north of the Bloe ridge, the
Massunnotten meuntain shows tmees of basedoveling at alti-
toades vorving from L4000 te 2600 fiet, and the walley ridges
to the northward prolably show tmees ot still greator altitodes,
Tl Blue ridge varies greatly in altibode: s erest rises toward
the sonth frowm 1200 feot nt Havpess Forey to 4000 feot at the
Poakes: of Otter, in conteil Virginia, and towand the north to
300 feat ot the Marvlnd-Pounsvivania Tine T thare wire
porrespionding gradient in the peneplain 6 would pecessitate o
defornmtion along o orossaxis, of which there i no trnoe further
wistwnrd @ alao the ovest Boe of the Blue ridge between the pointa
mentioned 1 extepmely rregalar and beas no resemblaneg 1o
the remnant of o basedoveled plain, - The verving elovations of
the pladi, detirnsined an sither side of the Blue ritlige, ngree with
coerbuin feetares 0 the sidee itselTand moke it deeidedly preoliehle
that the peneplyin here §s bighly tilted cadward; the steike of
the plain—a 2, the direction of the soptogrs ropressnting the
pestoped sippfnoo—orosses the fdge kb o low angle nsteid of being
parallel with it The rsult of these cotnplex soniditions is that
notwo remnints of the old plaio oee fotd along the tread of the
ridge ot the saore slatade, ond conseguently they mre extremely
diffiendt to povognize.  Assoming this attitmde of the peneplain

® Buall, Chisel, ®oe, Agrn, vl 1F, 1881, . 0
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#x u working hypothesis, tences of o baselovel ean bo found
in places that otherwise affor] no evidenese of = existonee:
n ferrneo oul heto and oowinidsgp thoro gefve to lomte the
plain a0 thik it ean be restored and contoired  with consider-
alile vonfidence.  The restored surfice corresponds with the
simmits of the ridges ot Harpors Forey, where proximity W the
Pitomnne ingnred complete redoction to baselevel nud afforded
apportunity for subsequent ervsion to almost complotely dissect
the plain.  On oither side, away from the river; the erests becoime
miore irevenlie, and evidently stamd above the paneplain, while
the present wind-gpgs show trices of bl v, snd prolinily
currespond in altitnde very nearly with the plain,  On the enst-
ern side of the Blue ridge throughout North Caroling there is
but little dats nvallabile for seconstrocting e Crelaimois pooe-
plain,  The present writers sro personally tnaepuainged with
the region and a large purt of it hos never beon mapped wit
‘eontours: At only one point has the phonomenon of beaidlovel-
ing been roopgnized. Kerr lues desoribed gertain topogmaphic
fontures obsorverd inthe vicinity of Morganton, North Caroling®
sl [eoned thin to the Asherille buselevel.  His thoory as to
thietr glneinl ongin cannot by aceepted, bot from his deseription
it mav be inferred that the vallev of the Catawba civer hns been
baselevoled to about the sune extent as the French Broad at
Ashoville, anil thot the plain hes been tearly as woll presteved.
Ite altitude heee is 1,400 feot, g0 that it muost have o very tapiil
ascrnt towand tho west in ordesta reach an obtitude of 2400 or
200 Tt nu Asheville, which &= only ity miles distant, This
gharp wscent of the Creliwoeous pengplain on the eastern slope
of the Blue ridge dies oot rapidly southward, partly througl
the flattening ontaf the fald in that direction and partly through
the influenee of 4 eroed-ixis of dopression in the vicinity of
Al

Southern margiivnd Type,—1n the reglon southwest from Atlanta
ns (e as the Cooss river the present pttitade of the peneplaan
diifies from that in any other portion of the provinee, In this
region the Baseloveled pliin Has suffored but little aplift from
tho position 1 wlidch it woi formaed, and  this slight elevation
haw tadoon place o vare recont geclogme e, Flenee the prane-
plarm 1s well preserved and many of the present streams, ns the

* Urigin of now Polns in the Topisgmphy of Xorth Caroling, by W, (0,
herr: Am dour, Sel., 31 sories, vol. xxi, 1831, pp, 200230,
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The Peneplain in Georgia. Il

Tallapoosa and 1t teibotaries, are Nowiig partly on this old
surfwo and partly in channels which they have been able to
wintle Toiat & short distance bolow it althoogh it now stands from
1000 to T A0 feet above senlevel,  Tnnorthern Georgin )b myrges
into the Smoky monntain typsa, differing: from the Intter in the
greater perfeetion to which the baseleveling process wos carriod
and i the more perfert preservation (o subsequent. erosion.
"Thiz peneplain is well preserved in Doz Down mountain, south
of Rockmart, Georgi, snd it is from this plain that the historia
knolw of Kennesow sl Stane mountain statnd up 86 promi-
nently.

When the ponéeplain was formed it most have extondsd to the
margn of the Cretaceous sch which ot that tome boaoded the
pirovinee on thres sides: botit is this morginal porgion which
waasthjectod to the grentest erosion; 5o that wherever any con-
siderable elevation touk ploee the peoeplain has been wholly
destroved.  Honos thoer §sa nareow halt within which no dota
are availahle for reconstrocting the peneplain, except by in-
torpolation: friome the approximately known position of the sed
mprmn and the remnants of the surfes still to be found at
wrepter of [es distances therefrom.  These distances s not
rtally w0 gredt 18 to eauss much uneettnioty in' delermining
the position of the pooepldain ol ooy point

PFHYSIOONAPHT 6F FHE CRETAUEGNE PEVEPLIEN.

The existine romnants of the Creticedus poneplain having been
dhivgerri bl 1a sonrre dotail, o Taifly domplete viow may be grined
of s physiography at the eloge of the long perod of guiesconees
during which it wis formed,  Although this is the most peviectly
basalovelpl plain ever dovoloped in the provinee, and although
it wns exoeptinnal for its oxtent and mgnlarity, it did not have
a perfectly hovieontal surlhee; in fued, it was lovel only where
ornaion acted dnder the most myorable conditions, etthir vaar
sm margin and wlong thy largest streams or where the rocks
wore ausily romoved by solation, 'Whers soft and hard roclks
alternntsl, the formoer were quickly radoeed, while the lntter re-
mndnied abiove psolevel fir loneer or shorter perods, aceording
nz (hey ware mors or loss pemote from the mnin draioags e,
Whire the leation was miost fovorabile for eresion, liamd and soft
reks alike wore perfoctly reduced, and the rivens wandered in
winmons conrses i with aloggish ourrents, unint aenced by the
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charmetet or attitude of the underlving stentn, That this wis
reither the exceptional cako, howoevod, s inforred from the Tnfve-
suence of suporimposed deiooge which ean be attriliatd di-
reetly to baselevel wanderings:  Probahily the ooterops of minsy
if mot most of the hard beds appeared smbossed o Jow. relicf
npos the baseleveled: pladn,  The distrdbwtion of the nnrodoesd
aritis, =6 fur us they con bo detormined ot tho present tinw, i
shown in plate 5. Tt will be seen that thise arens mincide in
peesition with the present mountsin regions Doubtless many
poduts whiiel thoen stood aII.HlIIi]-} mbpve fhie }H.'nt:[llllill hawe b
so rexliond by sabscquent wrosion that thelr summite no lopaer
rise ubove itd gonetdl lovel. Westorn North Caroling g5 early ns
Cretheoons tioo wis the enliminating polot of the Appalieh b
bighlnnds, o position wiial it fows hold unterraptedly from that
time o the present, - At the elose of the period of hasalovoling
the mountaing hore stood st nltitudes varying from S000 60 S0
et abiove sealovel, anid in some portions of the region they hayve
chunged fn appesranse but Tittle from that time to this.  Thus,
in the Asheville region thers wis thon s biroad, level valley, over
whise stirfaoes the stremmes esuvlired in winding cotses.  En-
cirching the valloy were thosame monntains px todany with almo
thie sy contonrs. The eliod difereuse b= in the altitude of the
hoselovoled valley. which thor stoodd near sealovel, bat niow Ligs
nn elevation of 240 foer, snd in the deep gorges which the
present strenas havo edohed below it surfaos. The present Hne
of the Bloe ridge in Virginin was marked by o seres of monod-
nioks, olated or in goops, bot oot compparnhle jonextent with
Ui iountain pss towmnl the :u'nr.ﬁ.hw-ﬂal.,

Inithe region of the Cumberdand mountaing, aoroes the Appa-
lachiun valloy from the Gheat Smokics, the map dhows some
nrons ol redoved to bpaslevel,  Thess formsd s aroty of monad-
nocks the highest of which, the Big Black monntaing, did not.
mtech exosed 1,500 foet fn nlbbude Thev ary mj.“-,;]]u..ud uf rooles
not spociadly. ohdurabe and, ne sugrestold aliove, probalily owe
thede prisorvation from emson to the=arraanding bardor formod
by the-zreat Carhomiferons conglomerate, and also to their posi-
tiom in the interior, away from the main desineze Hines

I the valley region where the rocks nre highly tilted ani
presient sl contriats in eapacity for resisting erosion, muny
short ridges or Hneanr ol nocks stood from JO0 to 100 foet
ahove the basleyel,  Thise form the highar portions of many
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of the proscnt valloy ridges, while the presdnt wind-gnps popire-
zenl the former boselovelsd intervals between the monndnocks.
In the platean region south of the Crab Orehined mountaing no
urans of sailicient extent to be ropresantad oo the o temai ned
nnridtiesl.  The peoeplain in this portion of the provinoe was.
bests. perfiott than in sotne others and oooasional slight elewations
romain clewely abovy its gonesnl level,  These are somotins
duae to the attitude of gousnally veststant beds, bol more often
to the aecideids of erosion acting on talembily homogeneois
tintorial.

DEFORMATION GF THR CRETAUEONR FRYEPEALN.

Oy of the most important conclusions containad in the pres-
ent paper, inits bearings apon geomorphologyy is the recognition
of the nature of the deformation founid recorded in the present
attitude of the bastove) paneplaine. [t fs that these deforing-
tions have beon meinly produced by trie orogento moyemeits
alfeating compumtively narrow areas nlong certaln well detined
nxes ;o that they wers not gpeirogonio or coptinestal aplifs such
s would prisorve o poneplain inapproxioatel v its original hori-
xonta] position  nor even, as suprostsd by Willie® uplifis which
broncly arched the surfice across thie whole expanse of the pro-
vineo 5 also that orogonio notivity hins mot bopn continnoes olong
any one axis nor alway=s in the same diroction, thongh the total
offeat ol the intermittent motion bas been to olevnte the whole
PEUVITIGE ;

Deformations of the buselevel penepladne have heen recognizid
in thiz and nedfacent yegiony by other weiters, capovially Davls
pid Motive, Thuoa Davis hips ahown that the Crelacsons pene-
plain in Ponnsvlvanin, New Jersey gl portions of Now England
i tlted “seaward, but ho has fiot lomted Its axis of clevation ;
alao Metloe lias shown that io thi southern 'L]J-I[.mluLhi.u.-ih UVery
anbEidlence hng boon greatest at the sen marngin and every aliva
T greatest 1o the 1 mturlnr. which mlphi'::nmmm'[ntne.-'r-r_:'m'nnl
tilting. The elass of facts from which he derived his avidinee
did ot enable him to locate the mnin axes of uplift, thongh
hie clenrly recognized the transverse Mo phis-Charleston wxis,
which will be more fully described on o subseguent paaze.

*Topography aml Soetiore of ahie Bays Monnbains, Tenmesses, hy
Biiley Willhe: S2chussl of Mines Guarterdy, vol. s3H. 1850, p 253

bt M, (ol M, vmic VI sl
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In onder to represont in as grophio o mannor as IH"rEHthu tho
progent form of this Cretaceons pemeploin o contoured map of
the deformed surdoce has been epnstructod,  Upon this T are
aszembled wll available data derivel from aenreful compurizin
of the varions koown romnants of the plain within the provinee,
The result appenrs ns plate & and dlthough recandied by the
writers nd preliminary, it embodies all the information g present
attninable,  Although imperfecl, the map 15 -highly sugpgestive,
nond it B Hoped ot B oiay Tead o the eonstraction of similar
misps of other regons in wliioh squally importnt resalts would
undoultedly be obtained.  Different portions of the map repre
sent, widely differont proportions. of fact and hypothesis, aml
hemeg differ in valne.  Thos in the soothyen part of the provines
the peneplain, ns alrendy desoribed, is woll preservisd ; alsp the
it of this portion i based upon s lage sombee of persopal
observations snd may by considiensd fivly peeurmte. 1o some
reggions in thie nocthern portion of the provines only scanty r-
wnins of the peneplain onn be fand, wod the evidence of {is
cxistonow ix w0 indefinite that while the present mogp s gosntis-
fetory it 18 doubiful if anvthing bettor dan be comstrocted dven
with fuller ekl phservations.  Other portions aro based opon
n stody of imperfiot. topographic manpe or mileond  profiles amd
varbal deserjptions of topography; so that the results are corre
spondingly unsatisfactory.

As already indieteld, the deformations of the Cretaconiis potiis
plivin represented Ly the contour mup (plate 51 aty not the result
of & single elevation or a single system of orogende movenients,
hut the aleehienio sum of all movemonts Hoth of lecation and
depiression which have affocted the fggdon sinee the peneplain
wnk formed. Not only have the movemonts boon in opposite
- directions and at different poriods, buat the axes of maximum
mation huve not always Bedn thoe sama nor even. pardlel; they
have intersnoted ot vanous angles, anid tho surface bas boon
warped seoordingly,  The dats are not sefhicient for mapping all
the details and o description of the principal axes only will bo
attnpiter.

Eovsitstinal Auwes af Elevation,—There ani thve prineipal long.
Cadinal axes, and 2o e a8 Enown, thisde ame sxes of elevation
alone, though deprssion of which no decord B left niay have
taken place along then also. They are indigated by brokon
Hnes on plate & ool mntkod by the Tettom €8 £ K Fand oF I
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These ary lines of maxdimum elovation and they bavs had o
preedamimant influenee in pevioeing the present topegzaphy of
the provinees  They coincide with the present moontaing and
in o general way pamllel the great structurd femtums of the
Appmlachinn valley.

Taneerne dzes of Oacillatioh.—In addition to the predominat-
ing longitudinal nxes s oumbdr of intersting transverss axes
arg brought out by the contagrs feprescating the defurmed Cre-
tnetons puneplidn.  [n the céntml portion of the map the eons
towrs dwall out on either side, giving o hroadde and more regular
profile to the clevation than elsswhere,  This is suggestive of o
transversg [ine of oplift mlersecting the ongitndinnl axes nenrly
at right anelis, I this line be proloneed i both directions it is
foand to eonnoct Cincinnati and cape Hattoras, hoth of which
huve hern rocognized as ecctipying regions of roront elevation.
A= carly a= 1571 Shaler™® described o traitaverse uplift which he
concluded had produced the great projection of ths oonst line st
cape Hattorus; also MeGee has shown that this axis his esn
wi b portant factor in determining the fodm ol the eonst line
during the tmwe fepresosted by the doposition of the eoastil
pliin sedlmonts. Mo deseribes it as “an axis of interraption
or chiatige in opairoganic movement during every geologico poriod
simee the Crotpecous.™ 15 thia line from cape Hatterns to Cin-
vinnati be pontinued weross the Ohle river its diroction will be
fonnd to eoincide with that of the main or northwestward branoh
of the Cincinnati arch which erosses ITndiana to Chicago,  Al-
|.|::rm,.,|'1. with the infirmation st prosent available, if cannot be

aessertied that motion has taken ploee along the southeastarn por-
tion of the line exeopt in pust-Cretpneenus timde, still ‘the colne-
dence of the two axes suppoits the prabability that there waod
oo fmovetnnt in the Appalnchian region during the aplift
of the Clneinnntl areh in Ohio saod Dodinin, and, conversely, that
north of the Olido rivermay vot be foand troees of post-Paleogoie
mivvoraenis corresponding to the Iater uplifts in the vivinity of
cupe Intterns:  The probability of snch contempormneons move-
ment s mereased by the fact that in the southern portion of the
provinoe evidoncs was fotind by the writérs proving thel certuin

* i the Cooses whidh have Yl to the Prodootion of vape Hattoms, by
Professor X, S, Shinler: Pro, Busl, Soc. Not, Hist,, vol. xie, pp. 110=121.

t The Tafyerte Fopmation, e W Motaee: 185 Anpnal Hepor 17, 5
Crenloglond Burvey, 1891, p. 48,
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axe= of poat-Cretnecous oseillntion have also been lines of Puloo-
wode mnvernom b

A weromd and mone clearly, defined axis of elovation, 0 £, s
found enesiog the provines in the viclnity ul'l.’h':tt.unrmgu. Its
freod 1= nearly due northoand south, aod it has een trsed tiarly
s (e north os Clocdiontl,  IF the aoas he eontinumd aeeoss the
Ohdo tivor it falls in Hoe with the eastern henoeh of the Cineins
nath weeli passing theoagh Fiadlay and Toledo, Olido,  This alsu
miny b only o eoiniidenee, buk it strongly siorests wonotle con-
peation etwesm the portions of the axis north god seuth of
Cincinuati.

The third anid most prominent of the trnaverse axes crosses
the suuthern portion of the provinen, passing nenr Atlanta and
foriing u tangant to the groat northwestoand bend of the Ten-
nesses river, [t was fiest recognizad liy MeGes in studying th
aediments of the sonthnm Atluntic constal plaiie and Mississippd
emibiyment.  He desceibes this * Chatleston-Memplis aociy "F
s nin ol of muxirnwin subsidoneo during both low level periods
(roposented by the Lafhvette sod Columbiln formations) and an
axis of maximm aplift doringe oth high Tovol perods. Tt s
roprosontod om the map by the brokan fine 4 B, having o nearly
vast-aml-west direction ; it tesocts the lnst desernibed north-
und—anuthxt:mrmmﬂn axts a8 well ns the longitudinal axes, sl
sinee, a8 shown by the contours, it is at present a line of depees-
gion tha offeet of the elevation along the other axes = whally
or purkinlly teutralized b their intersections.  The oseitlations
on this axia A B bave been an mportant motor o didermin-
inge the deminnze of this region and will boe again roferrad 1o in
tho sovond Yt of this pa it

The probability of erogenie forcos having beon detive npon
thi transverss pxes (Jarme Pralooeoie me wos mentiomed ahove,
In eoee of the axis A B, there i proof of suoh aotivity ol twi or
more distinet epocha, o mapping the Paleogole formatioms of
tatthorn Goongia sl Adabama it was found that two termnes
whivh present strone indications of having been deposite] anider
shiore conlitions terminate abraptly ngninst this line.  Thse
shore formations are the Birmlngham breeceln gt the top of the
Knox dolomite and the Oxmoor sandstone oodurtine in the
lower Clarbioniforons,  Other stmtirmphio changess searoely less

* Tha Unllof Mexioo ns o Modenre Of Teustaey {alwirwed), by WF MoelGon
Ball, Geol, Boc. - Am,, vol. i1l p HEL
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striking mark this as a line of instability doripg the whole of
Palimanie timne and the physiogrphle evidencs shows that the
instability has contibued down alinost to the present.  Henes it
seetns ab lest probable that erogenic sotivity hins boen porsistint
Gt the ather axes in pre-Uretaosons of Paleossic time, snd thst
the foreos which produesd the Clincinnati arch ars the same as
those which havie deformed the Cretaceius poteplain,
Considarnble ovideonss has been oolleetad basring upon the
eelative gee of the oscillations recorded in the deformesd pene-
plain, Tt sinon it is closely conoocted with topographic featuns
to b deseribed later its comsidemtion b postponed to o sulse-

[uent prge.
DEPORNED THRTIALRY PENEFLALN,

The lotg period of quisdesnes, disring which the Cretaceous
petieplain was produecd wis teeminated by a ponel dlevition of
the larger part of the provines.  Like most of the oscillations that
higve deoursed sfhes, it was compound iy chamoter] eoinbining
peirogenie and orogeio movomaonts: the former aifiected the
piitire provinee, darried the const ling consideralily boyond s
previous location and stimnlated the streams fo increased nc-
tivity: Tk the energhes ¢ ntminated along cortain axial Hines and
rosutted] in pronounesd oroginic nplifts that warpel and twisted
the mrfacs ns i1 arose,

Tho immedinte effoot of this devation wis t stimulate erosion,
anil the streame which for a long period had been carrving only
th finest sedioents bezan the mpid corrasion of thelr channels
aited qpudikly frenched the riging land.  The process wos onrtied
on differently In Jifeeont purts of the peovinoe: where the oli-
vation wns slow. erodion wis vory misdernte in its effocts; hut
whore elevakion was mpid the stronms were greatly stimulated
ntid rapidly dissectod the peneplain.

The movements which jnansurated this eyele still continuoed
o wifect the provines, nol comfinoonsty along any obe wxis, bt
by intermittent and geadually deerasing devations el dlispipes-
sions.  Thesn oseillations were terminatod by a second period of
quieseenee, during which the surface was again reduced to o hase-
bisvel ponepladn.

The extent of the movements oceurring bitwoon these two
peritds of luseleveling enn be roughly measured Ly the vaorkic]



S Hayes and Ciangdbatl— Appalashion Geoorphology.

distance between thy two deI]i.l‘l]I-LiIl:ﬂ. The up!ljj'l. pttnined its
maximunt of abont 2000 feet in northern Viesinia and Wist
Virginin, wnd was apparsntly continnons from the olose of onm
poriod of baseleveling to the innoagaration of the othor, Asa
direol consequenee of this sleady uprising ol the Lusd we fimld
An this portlon of the provines thy Crelaceous peneploin almost
aotiiplotoly iﬁlaiu{.'ibﬂ_, and it s extromely deubitful i any of e
Tovel surfive is =il proservied.  From this maxivium the eleva-
Hon decresised in an frregulnr mannor townrd ths mnerin of the
provines, whery the eartier nnd later Dsselovols coireide

The period of Uretneeons basclovoling was-n vory Jong onie—so
long that over much of the provines the rooks, banl and soft
ilike, were reduced nearly or quite to the same level.  The period
of Tertinry buspleveling, on the other hand, was compamtively
short when mensunsd by gwhwiu Ry Tt #utfiemd for the
el plote removal of ﬂ'u' wevintis peneplain only alioat the niar-
ity of the provines, l.t}wru ortplitions of sroston wope t:t'ﬂptinn-
ally favoraBle, and for the cutting of browd vallevs apon the sofk
rodls of the interior.  Sinee onily the softer mcks wers redinesd
W Ioaolevel, thove is less divessity in the Tertinry than i the
Crotweenus pemoplain, hut when the sorrouading etosion slojios
are ponsiderod in conneotion with the plain, as they must neees.
sarlly by there 12 found a great varlety of topogrnphie forms, de-
|mu-'lnu.., juittly un the kind of rocks, location with reference to
the marzin af the sea or lurge dednage channels, and amount of
preTertiney olovation, This peneplsin, like the Cretaconns, has
boen greatly modified by late eeosion, bt even tnthis the three
oletiionts nomod above are e contralling ones and mainly re-
gponsible for the fornis pivd el

Murginal Typee—In the westorn prirtion of the provinos sog-
ditions wor favorable for the prodoction of an extensive bise-
loval penwplain during this perod,  The vory purfovt Crothooons
plain wis elevated from w fow foet at the margin of the Tertiary
st Lo abipue 1O font st the westerne line of the t"umhn.rhrul
erearpenl. The proater part of the mcks thus radaed whove
haselevel were limestous, in which the stroams quickly lowered
their channels and by lateral earmsion ontirely removed the
intarinedinte hlghluml- with the uwt.pllrru ol & few isoluted
monadiocks, of which Short wountain, slrendy deseribod, js the
type.  Dwing to the coinehlonde throughout centrl Tonness
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of the Carbomiferous imestone and  the "I'urr.iu.rf Il il this
peneplain was frmed up to tha Bise of the steep platiay esearp-
et and Grwithin thy narrow limestone eoves which indent
it Border. 1o the time that bas elapsisd sinoe the formation of
thia pleneplain the streams lnve not been able ool thoir gorges
luek to the esearpment, g0 their hoad-wuters are still Aowiig
apon that old plain, thongh st an altitade of from 300050 3,100
foot. Thisin a balt of country hondering the plateaa on the
west and extonding northenstwand from Hootaville, Alabam,
to the Kentueky-Tonmessee line the conditions were favorablo
for the production ard have sinee been favoralilo for the prerservi-
tion of this penoplain.

Acress Kontucky the conditions were similar to those of Ten-
nisso, exoept Uil the Taed Conl Mepsure sodstones were less
elovaded and formesd po platedy, and subseguent crasion, os
thee Olido plver I appronchied, his beon more and foore wctive,
antil in the Immediste viciniy of the river thy pleneplain
recognigsd with diffieulty;  The conditions north wf the (Hhio
rivar are ot present entirely undoown, and the only suggestion
the presant writies ean offeris that probably the two peneplains
gradunlly appronch each other in that direction until they
practienlly coineido,

About the southern margin of the provimeo the levation be-
twoen the two perinds of laseloveling was so stight that the rocks
have been pructically exposed o baselpvel conditipns from
mearly the beginning of Cretaceous o Neaoune tine, anil os o
risult are doeply demyel wind bul poorly preservi the reconds of
the past,  In the Coosa valley the Tertinry petiepliiy js pener
ally distingishabile, although subaegnent grosion fine ont deoply
Tuto its surfiwe and, owing to the decay of the rocks; s reduced
Wi loast roststont members to a0 still Jower baselovel—that ot
which the present streams of the rogion are flowing. Continuing
eastwand, the vertieal interval hotwoin the Cretaceous sl Ter-
tinry baselevels decroases and i the vicluity of Atlanta they
practically commviide, so that the recognition of the two peneplaing
§s almost impossible.  The steesme have not eut belog the old
pineplains in their upper cotrres wnd the tributaries of the
Chattuhoochioe and Tollapoosn rivers &Gl flow spon the surfioo
of the Crotaeedus penopilinim

On the southeistorn morin of the provinee, thronghont the
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piedmont plain, the Tertiney  penoplain is well doveloped anmd
only ecmsinnal monndnooks show the position of the Cretaesons
plain.  Althoush cryatalline rocks are genorally regurded ns
uifnﬂng gtunl restatutee Lo erozion, they are, under baselevaling
sotditiong, subject Lo very dodp desny and prolably at the elose
of the Croticeonus seile were softened e a fiue greater diepth than
ot the prosont tire,  As the elovation sueessding the Cretaeeons
period of baseleveling wis not groat, the streams guickly swept
awny Lhis mentle of residonl mateind down @ baselevel, Undee
snch conditions the Tortiary penoplain wis vory prefoctly ilovel-
oped throughout the whols of the piedmont plain. ‘The subse-
uent erosion of this peneplain hus heen comparatively shight
sl in many parts, espocially in the vieinity of the James and
Potomne rivirs, 3t B almost perfectly preserved,

Interice Villey Thpe—As stabesd shiove, this periond was tint suf-
Hidently long for hard nicks to by seduced exeopt under peoit-
Harly fivoralile conditions.  In the interlor of the provine: only
nrons of Hmestong and shale wers loworsd to the ‘nowly ostub-
tished busoloval.  Thiesie vocks formol the surfusé chiefly i the
zomi of folded rocks known e the Appalachion vallee, Upon
the elevation of tho region tho streanis sank their channals
mainly within these bolts of easily erodible mocks, althoush i
st eases their wanderings darng the preoeding portod of
haseloviling hnd led thom aeress hard Tocks wpon which they
thus beenne supeeimposeil.  The groatly stimolated smosion
rapidly redueed the sofi rocks (6 bisdleval in the irmmodiate
vicloity of the large stremne; the valleys were browdenod antil
chocked by hanl rools which retiained at the level of the old
penoplain, oither as the valley fidees, the platenns upan the
wast, or the present mountiin valloys upon the cast.  This
remaval of the sofl rocks progressod well toward the Hoad
branohes of wost of the rivers withio the Appalsehion valley,
In many enses the divides betwesn adjncont rver hasing wore
almomt perfitly baselovalod, thongh in some eases (explained in
Part T1 of this paper) the prosent divides wore thon erossesd by
lnrze streams whiss conrss were subsoquently changed, The
Shennndvah valley may be faken as the type of this portion of
the Tortiney peneplain. [ Jovel foor, etit in the soft Timedtsne
and shale, = nbraptly términatod o either side by stop) slopns,
compisod Of foore tedatant strata. The divide bitweon the
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Shenandonl and James is but little highar or narmower than the
villoye themsolves.  The same is true of the divides botwoen
the James and Boanoke aid the Hotnoke and New rivers, pnd
thedr valleys nee nlust ae perfoctly baseleveled va that of the
Shonandoah: o the southern portlon of the Appalachinn val-
Ty the grest Cambiro-Silarian lHmestone becoines very silicious
aned 43 surfce was less porfectly redoeed than o Vieginin.
Many. roundisl ridges of résidund chert reach elightly above the
levul of thi Tertiney poneplain, oven o the viemity of the larger
atrenins,  The wooont of the eraston, howover, was owen greater
than on the Shenandosh and James, for the valley in eastorn Ten-
nessen and  northwestern Guorgin 18 conslilembly wider than in
northern Virginin,  In the ¥ew-Kanaw ha basin the Tertiary pene-
plain was pxtensively developed ; eonditions of grosion appear to
hivve been exceptionally favorible, for nol only lhnestones but
considernble nreas of sindstone and shales wore very sompletely
revtueed,  Ohwing to subadjuont elevation this Tertiney plain now
fornis o platenn 2500 feot above seilovel nid thie proesent stroms
hive ant their ehiantels 1500 et or more bhelow issurfoece;  The
altitude of the popeplain deoreases mapidly westward and in the
vulley of the Ohio corresponds with the highest bluile, below
which the river has sonk its bead from 400 to 700 foet

Mato 6 ahows thoe portions of the surface not redueed (o the
Tortiary baselovel, and from it more ensily than from deserip-
tions may e obtained a generad idea of the phivsiogeaphy ol the
Tertiry pencpliin at the end of this bascleveling process,  These
wrens wre asen to he vory extonsive on both sides of the Appe-
Inehinn valley, while only the naerow ridges femadn within the
Istter,  The ares unceducod o baselevel daring this period 18 in
potinid runibors 45,000 square miles, and the ratio of this arn
to that of the entire provines then above sonlovel 8 1:4.50.  Dur
g the Cretacoons bosolovaling, on the other hinnd, the unrodaopsd
portion is only 8,700 square miles and its ratio to the then exist-
ing provines 1:22

A comparisat of these rmtios affonds some ides of the relptive
durntion of the two periods.  The seduction of n surfice Lo Tase
lawed, however, does ool vary diseatly s the time, but miler s
seton highly complox funetion of the time, being o process which
docreases I s mte as it approgiches completion.  Henee the
cottparativi duetion of the two periods cannat be determined
without considering other metors whose snlues are ot presont

11 =Ny (o Wlasi_ woa. V1, 1ABL



88 Hages and Chmphell—Appadiching Giomeorp lology.

nunknown. Novertheless, it seems prohable that the earlier periord
was itd least elght or Lo times as lonz as the Inter one,

BEPORMATION OF THE TEETIANY PEXEPLALN.

Although the second pengplain was less perfectly devalopad
than the first; it has Boonr mory perfectly preserved, and so can
b peconstrooted with even gredter coetuinty.  The sumo jilan of
ropresentntion hes boen pursoed as io the eass of the Cretaeooins
pongplain, snd the deformod saurfoes @8 repesonted by contour
lines with an interval of 200 fest; niso similar qualifications
should he made hore as in the case of the map representiog the
Crotureons peneplain.  Not all parts are oqiially molisble by
reseson of differences both in degroe of 'l|||.u-|_1]|,ru]ia|||; anid also in
the quality of maps and other dats apon which it basad,

Tho deformation is sumewhat exnprernted, sspodally in the
intorior of the provinesd, for the eradient of the basslevaled
vallovs his not been taken Into acconiit.  This gradient varis
with the sise of the strenm, but present. koowledge of Tisolovaol
eonditions is not sufficient o warrnut doefinity stalements pa o
the altitude of the boesciovel tn the wterior.  Probahiy the error
in determinitg the altitude of the peneplain of any polnt is
greater thun the crror introducod by peglicting its gradient.

The contonrs in plite 5 J:"-_prt'tmﬂw. the alesbraic sum of all
movements which have wilfected the provinee since the o ple
ton of the Cretaceous peneplain, while the contonrs in plate B
represent movernents which hove oecurred sinee the close of the
Tertinry pierioil of basgloveling ;" hones the chntours of plate 5
ropregent all the deformation exprdssod In plato 6 plox the de-
formmtion oecurring between the two penods of quissconce,  Thoe
amount of this intermsodiate deformution or the vertion] distance
botwaon the two bassleveld al any poing may be found by sub-
trmoting altitucles indicated by the contours on plate 6 from those
an plate 5.

The chamecter of the orogenic activity which followerd the com-
puradively long period of Tertinry quict is muoch hettor kaown
than that which followed the longer Cretacsous periiod. 1L s
mieh nearer the present than the lntter, snd the evidenece for
deciphéring its history has oot vot boon oblitorated.  Past of
this evidenco sonstste of modified physiopraphic forms, bal thi
Inrgeer poetion = found o the ssdimonts depesitad aroomd the
seawnnd mnrgin of the province.  We are largoly indibtod 1o
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Mistion for their interprotstion and the determinstion of their
henring om Appataphing history.  The vonelusions will be statod
hrietly without sttempting to give the eviilence on which they
arn hased, althongh some of it is containel o sulsaquont page.

The sries of oselllationy oeetrring sinee the close of the Ter-
tiare preriod of baseleveling consists, fiet, of 3 depreston which
allowed the waters of thi ecean nnd the Miz=issippl cmbayment
o adfvancs fnwnnd far bevond thele previous mannn®  Fol-
lswing this enme an elovation of the entire provinee that again
Atartoll the strenms oo eivodr of groat activity, snd the sea re-
(roated probably boyond the presont shoreline,  Theso hroad
mavermants may properly bi termed oprirogenie, ns they affected
the gatire provines, but in eyery case the movements ctlminated
||.l'|.ﬂ_1g partain axial ines and produced dircided loeal ar srogenie
wirping.  In thie subsidence the greatest depression was along
the eross-axis A B, butin the subwequent elevution the gremteet
moverent was whotge the winin longitudinal pxes. A poriod of
omyenrative quicsconee followed, during whileh the land stood
somewhit higher than at prosent and mudh highor than doring
the Tertiary hasolevoling period. 16 wias during this intervol
that the rivers of the eastern ooast onrved their hroad outer val-
lugs, vow almost complitely subimerged hencath the wators: of
the Atlantic, and the Mississippi cormuded its broad valley from
Cairo to the Golf,

In very recent moologie time these oscillations hive been re-
peatod in the sme ordor and with o similar effoct. The land
lirsl sabesided ind the Columbia sediments were laid down; then
It o= to ite presont position and the modern gorges mnek thoe
duration of the present hilgh levol attitade of the laod.

INTEREELATIONS OF THE TWG PENEPLAINS

" gtun.‘t.-ﬁil'. djm‘urgnm_'.u i il hotween the two defioemed
petioplaing i3 in the norther portion of the provinee.  This
et pre-Tortiney clovation is somewhat dorog-shaped it mi-
{ains it mascimun elovation of 2400 fest about S0 miles northe-
weeh of Harrisonbonz, Vinginin; from this poing it descends quils

rapidly in all directions, but showe o partial sgresnent with the
axes C D and B Fiplate 53 Townnd the wosl the actanl coin
cidlenee of the two plaine cannot be detesrained, but they appear

*The Lafavotte Vormation, by WO MoGide @ 12h Am, Hepp, U5 Geol,
Sipeviy, IRU0-"01 oy T KD,
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b’ b wikhiin. 2000 foet of ol other I tio vicinity of West Dniown,
furty miles cast of Parkersburg, Woest Vieginin.  On the dastern
raarEn of the provipes the apper peneplain i@ complitoly olilit-
ernterd, it the two probably coincide in the vicinity of Rish-
moid, Virginia. Along the axes the descent was mueh less
rapil.  On the Ponnsyleanis Hue the uplift probably did not
exeecd 1200 foet, whils towand the southwsit, along the axis £ F
(plnte 63, it extondel eortihinly ns far us the Tommessve g
South of this Hne the ujlifts wers muoch move irrembar and dis-
tribited over d hrondor sria, so 'that thele goneral effoct fias been
to prodocy a browl fold extending from Groenville, Sonth Cam-
lina, to Noahville, Tennessee, and with an altitode not exoeed-
g 1,000 fiset. In this bropd aplift can be tenesd sevoral Tovid
arogenic disturbancos, of which the uplift along the axis 0 J* i
quite prominent, but the greatost olovation ocewrral along the
nxis & B {plute &), Many minor folds both of elevation and
deprestion ean le distinguished in this nsglon, bt their moan-
ing is ae yet oheotre il we only know that they are intinadely
nisoirinted with the geaeral warping Of the surfuee of the P
inoe. Tnthe vicinity of Atlantn the two lusslovils see 30 near
the same altitude that thedt penepladne cannot be dizseriminatod,
pind the anmi 3 trae along a Tine townrd the northeast us fur as
Asheville, In the ppper portion of the Froneh Rroad bosin
only ome peneplain can bo dotected and 3t s seeribed 1o Cre-
titetis tine.  Thi streams have, however, barely sunk their
chanuuls theaugh the mantle of dsintogmtod rock, nlthougeh the
present altitude of the region rendirs them extromaly active,
Wistward from Asheville the two basolovels divenge under the
influenen of an aplift along the nxis & F amld fodisitions of the
bwir corresponding peaeplains aee fowusd along the lower eommsg
of the Freneh Brond river.

DISSBETION OF PUHE TERTIARY” PENEPLALISN.

By for the lngor pard of the grosion of the Tertinry pone
plain was nocorpplished during the period of high lovel which
precoded the Columbia dopression.  Thy steomms were srently
st latid, and whors the elevation was oonsidesahli they carvivl
dhewp gorges along their lower conrse, giving Has to the numerous
by i brond-monthed rivers now indenting the Atlantie const.
The distance these sorges wors out towaed thi interior vz
greatly, depending upon the elovation of the land and the ehae-
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aetor of therook=.  Whero the oplifs was considoratile the strenme
ol narrow gorges in their rocky Boors, but where the oléyation
was slizht the valleys ware widenod aml present mora the wp-
pearance of eormsion ander buseleveling conditions,

This broad disseetion of the Terbinry ponepluln is greatest in
the suuthorn portion of the provioes, for there the elovution wis
only sufficient for the streams bo work upon the decayed rock
and residunl mantle which had ascoumitated during the proced-
fng period,  The streams wory aluist entirely ocenpisd in brond-
oning their valloys, so thit in the Coosa-Alabonm besto probodhly
a third of the surfaes wis eemoved during this period,  After
the Colombin depression this region was onoe nore elevited
pnd the strenms have deoply trenched their broad yalleys. In
the vicinity of Chattanoogns the Tetineseoe river has lowend its
channel bt 250 foot below the Tortiary peneplain, and this has
been aceomplished gradually, for the gontonns pre genermlly
fowine aud well rounded, exoept whers the river puts some -
weuntly hard steatam,  Throgghout the basin of the Toonessee
fiver northenst of Chatlanooga the amonot of ontiing =2 varinhle,
deperuling upon the amonnt of deformation of the peneplain.
Btreatns loratoldl upon the axed of maxionm elovation were
stimuliatod to o high degres of netivity, while those looated b
twouns such axes inoarons of minimom uplift. recsived only a
modemie aeeslernfion.  The l:'liT_l'E]i anil Holston rivers ahow in
a-atriking manner the effect of the warping on the erodion of
the peneplain,  The wpper Clineh ig locatid npon the sxis K L,
pilate 6, atd has sut o eanyon from 500 to 700 feot deep through
the linestones and eilesreous shinles, with slopes ns stoep as such
mgberial will stand,  In strikinge contonst with this is the broad
apen valley of the Holston, loeatind in an drea of minimom
dlevatinn Lilween the nxes K L and WN aod about twenty miles
soubheastwunl of (the Clineh river.

Thie groat gorses out in the Tertiney ponoplain in the New-
Kanawha hasio heve been reforred to.  They indicate. olearly
thut tho conditions which prevailed here in post-Tortiary i
have been different from those in any other purtion of the
provinee.  The uplift which elevatad the Tertinry peneplain to
an altitnde of 2500 fuel, as showm in plite 6, was confined almost
eritirely to the axis K L. This axis orosses the river in it lower
mmrm,,hut the river had suflicient volume to hold its antovedent
position sorcss the riging fold,  To doing s b has cut a Barrow,
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rogged goege 1,600 feot decp, and i= stifl setively corending Its
channel.  The movement along the axis must have boon priceti-
cally continuous from the complotion of the Tertinry peneplain
divwn t the present., _

The region northeast of New river, in which rise branohes of
the Potoniie, the James, the Kanuwha and the Munanguhels,
hus probubly been an aren of continabus uplift during svery
periind of orogenie notivity affectine the provinee. The Crota-
vaous pendplain, of which only o few ddnbiful femnants exist,
wos elovntod b Tenst 2400 foet and Tertiney érmlon waz propor-
tionally stimulated. It suceooded, howevor, anly in reduving
W hasclovel and slightly brondening the vallovs of the Tntger
streams. A post-Tertinry elevation of 1600 feot has renowsd
their activity, o that it has bean continued with sonrcily  punse
fronn thie eloge of the Crotdcoous period down to the proseat,

The resull of this almest continnens downwand stroam outting
b= biean to peidues the most sharply cut mgion i the Appo-
lnvhian provines, The slopes aee steep and gonerally uniform
trati Lthe highest points, which may reprresont the surfies of the
etrlior panepliin, down to the preseit streams, with only an
oecnsiomn] trueo of terrielng to winrk the Tertiney hiselovel.

The elevation of the Tertlary ponepluin along the st
border of the provines hng boom only moderte, and tho strenms
have acoomplished correspondingly little erosion upon its sur-
e, Tho Roanoke, the Jones and the Potomae huve cat eathor
e s shallow vallovs across the plodiont ploin  These

hiseome alindlow gotges in the broad hasolevelad villoys west of
the Hlue rdge

RELATIVE BATES oF THE OROGENTC MOPHAMENTE

Befiare clising this portion of the puper it 32 perfings advisabili
s review hastily, ue fur an the evidence will adudt, the suooes-
sion ol vecillations o post- Palioeole time, A% alrendy statod,
the duterminntion of the chamoter of thege movements is one of
tie most iniportant resulis derived from this study, since the -
tire physiogemphy of the reglon, including the armogement, of fis
chrrinage gystensa, hns Bogn modified W o gront extent by then.

Mirewmants in tghe Torticery Cyjele—Tt T not kdsisnble at frrisant
t g0 farther back in goologic tima than to the oloss of the Cre
taceans period of baseleveling, althongh thers are trnces of sing-
atmilar movements in the proceding ages of post-Paloozoie time.
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In one portion of the provinee only has the elevation sinee
then been practically eontingous.  This i in worthem Virginia
and West Virginin and, as shown in plate &, exhibats an agene-
aute uplift sinee the completion of the Cndaesous peneplatn of
4000 feel.  During the Tertinry baseloveling this region was
nbvessarity froo frot movement, bt i no other tme does thedro
soem to have beon a coniplete ecssation Gf the uplift. The axos
alang whish It eulmivsted in pre-Tortinry e ave 0 and EF
(jlate 5} While the movement nlong thess mxos oonunred syn-
chironoogly snd ot their moximuom ceachord the snme alovation,
thi deformation on thi two was quite differont.. Along the axis
O Iy it oxtended bt little south of the Kanawha rivor, while in
the opposite diroctipn it passed into Penmsylvania, extonding
probably holf way aeross that slule.  Along the axis £ Fihe
wlvation reachad only b Htthe north of the Potomac, but eons
timed in the otlier direction a4 far as Tennessos,  Thiss dxes
are wrrangied ¢ echalon and the wnximun elevation econrmed ol
the paint of overlap. Some thoe during this perioil the aplint
ax bonded sudthiwestwarnd nlong the axis £ F, but only sudficient
by s o Jow swell o fow handesl feet o altitnde. This is guito
it trated v conneeted with o later uplint along the same Tine nod
probably opoaresd lute in the inferyal hetwesn the two periods
of bnagloveling.

[t sesme probable that an aplift took pliee in the Smoky
monntain region quite parly v this epochy its axis coinciding
approximately with the state Hoe botween Tennessos and North
Carollnn.  “Phe nopson for assipning this muovement (o the early
part of” thie epoch is thut there are trwces of an aplift along this
aare line in llll‘l,"-i.-:l":'ll-ll-l-'l-“-'-"ﬂ-ﬂ 1Iluu+.ulltl |'l1‘|'|||ﬂl.]l]}" thie Tater Uliil“
was bint the oonthnaation of the earlier, following inumedintely
the Crotaocons period of guicseonee This lnte uplifi inoreased
tvward the northogst, reaching 1,200 feet oo the southeen e of
Virpinis |

Somo movement ooenrred along the Hatterns axis during this
opoch, reaching its maximum elevation on the northwestemn
gido of the provines near the Ohlo river,  The longtadinal
aplift of the Great Smoky moantain rigion terminnted at this
tentisvorse Tine, nnd thelr combined forces oiused a pronou ooy
domi-shaped clevation in the Crotaccous ponoplain.

An uplift vevorred at the boglnmng of this opoch along the
wxis 0 1!", ranithing b maxiinmn neae Chattanodgn, from which it
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discended mpidly toward the south and gradually fownaed the
worth,  The contipuation of the axis 0 P bevond the Ohio river
18 quite uncertnin, but it probably extended far Tuto Ohio wad
there may have been within that state a development of the
fald similar to the one near Chattanoogs.

Busides these wxes of elevntion there are severn] along which
dopression ocenrrod during this interval. Thee depressions
ware pot pranonnosd, it soificlent to vorey the altitude of the
Uretnepeons  peniplain frong 100 o 400 fodl.  Omo of thess |s
locatel between pawd parmilel with the axes E Fand & 8 ()l
b); nnatheris tho axis A4 B, along which some movamnent osoarrod
at this time; and the thind probably connoobed thesi, I_Fin_g (st
of and pamllel with the pxds 8 Thure = py evideneo in the
phy=iography of the region to show when these wers active, but
w earefil stady of the cout: depladn sediments will 'F'.-r-.t'lmhlr e
tormine the 1ll'|:h:|ﬂ|'||l1

Moveudnts i the present Cyele—~One of the most pronounesd
mavetietils cuonnected with the eloss of the Tertiney husdoveling
wiiz s bsidonee along the axis A B (plate 03, This, as desorilid
Inter, oorurred during the deposition of the Lafovette formmtion.
After this depression thers cume a poriod of appacent (uisscence,
daring which no movempnt, is rocorded along this line. T this
titne of the Columbin depression this sxis wns affectod in o
manner simmilar to the Lafiyette depression.

Uplift along the uxis K L (plate 6) ceonrmed soon after the
genieral elevation of the lnnd ollowing the Lafayette depression.
The uplift inereised feom the Tennesses river in Alabams, reei-
ing 4 maximuu of 2600 feel al the Vingaln-Wost Vingioia line
south of New tfiver. From this point it genlonlly decreasded
northwired, passing into Pednsylvanis with o probalile altitedoeod
1500 fewt.  As bofore stated, the noetheen portion of this uplift
hina heen practically sontinuous, but the southarn portion hias
prohably haen intermittent in its activity.

Farly in the present evolo an nplilt vecurred slong the north-
e el of the axis M N, and this seems to Rave bem eon-
nected with movemaent along the eastorn partion of the Hatteras
Axis, Aecdrding to MeGee, the Hattors axis, from Ronnoke to
thee eonst, lins hosn the geat of petivity sinee Escene time. T
influenee is shown on plate 6 in the sastward trand of the nxls
M N it its northern oxtromity and the outwasl swelling of the
contour Hnes,  About the mididlo oF the preont ovele the aplift
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pxtondid spathwestwand along the axis W N so that in very
recent gonlogle time the Terlary peneplain from Ashdville Lo
Atlanta and southwestwnrd has heen elevated o it present
pesitinom,

Movements have ocotrrd along s minor sxos chiefly of
aubatdenes, bt thetr exact date cantiob Tie fixoed,

Thes lntist moverments which onn bio dotectamd n the provinens
are nlowg the axea KL and @08, Thot along K L hos resalted
i o slight pomling of the Teonessee rviver jn the vicinity of
Huntsville; Alabama, while the uplift along € 8 hos afferted
the Combarland river above point Burnside, Kentucky, in a
sipmilar manner;

Pagy Il.—Dusixask "VELOPYENT.
RIADIVIZEIONS GF THE FROFINDE

Chsislogrfeally, s topographically as woll, the southem Appo-
lichinn provinee falls into four wellmmbed divisions.  These
are (1) an eastern pledmont plaing sloping geotly seaward aml
oo of metamorphic s erystalline rocks; {2) a montanin
tract, embiraciug the Blue ridge and the Great Snoks minge with
ila many outliers ahil eotitnininge n—hiirll_‘i‘ “I'J.‘HL"I.'lliIH' rokes with
sorlimotite which haee undergone varions degreos of metamor
pihisen s (47 a central brond valley with numorons pardlel rides
of Pralizoie sediments=; (1o westorn disseotod platesn of apper
Silurinn gl Carboniferons roolos,

GUTELINA OF THE PRESEXT hRAINAGR

[n the northorn portion of the provines the woter parting le
tween the Atlantie and Gioll dminage b= westwanl of he Appa-
Inehian valley.  The Potonane lusids upon the sdge of the plateas
ancl Nows ststwind seross the Appalachinn vallsy, the montanic
tract and the pledmont plain, - Fros the westorn point of Mary-
land the dividos prusses nonely doe aothwanil, arossing tlue Appin-
Lnerhiing valley didgonally, so that the Jumes aid Roanoke draim
aaly tlve eastarn ot ol the villoy, but, like the Potomme, o msast-
ward norss the sontihic teaet and thoe pledmont plain. South
of these atroams the divide follows near the oastern margin of
the mantande tenct oo its sauthecn extromity, only the oastern
slope buing dmined by streams crossing the pledmont, plain to-

H—Nar, Cuii Hed, v, Y1, T90L
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warsl the southenst. - The westwanl-flowing streams= in the north-
ern porbon of the pivvines dmin only the platean rogion. For-
thersotthwand New river hisds well toward the mstem stdoof Hhe
maotdnnie tract and flows northwetward aered (he A ppalaching
valley and the platedn fo the Ohie,  Btweon New river nud the
Teannsson-Giidngdn Tine most of the montagio truot and the Ap-
pislichion valley wre T the deainnge bosin of the Tennesseo,
whose many branches fow northwestwiond actoss the formoer
reerion and sonthwostwan! within the lutter to Uhnttnroden,
where the river turns abryptly and eonters the platean togion.
It vroeses first the Waldon platesn through o desp ennvan, s
altor flowing sevenly s in Browss wnlloy, purallel o its formor
eoure, aguin entors the plateiu and flows northwestward 1o the
northeastem comer of Misstdipgd, the margin of the former
Mississippi ombaymeat.  Heee it ke anothar abropt clisngo
Iy it= voueae, lowing directly northwaed tothe Ohio. Soath of tha
TennesseeGeorgin Hne the A ppaluchinn valley, with thie vidacinl
potions of o inoutnnie track arfe deainoed by the Codsa-Alpliamna
river, which Hows dircotly o the Golf.  The grenter part of the
platony, region Iying bofwoon the Now-Kanawha anid Tomniessog
rivers is drined toward the northwest by stronms  Howing into
the Obla,  The mast fmportant of these are the Rontueky and
Crbieland,

CLABRIFICATION GF DBAINAGE

Applving to the streamnd of the ssuthern Appalachion prov-
Inee the aceopted principles of elassHicstion, roprossmtitives of
all the muin dividions wee foumd

A fow show indieations of fllovwdne, in part ab lesst, antecedent
coursed i which they hive prorsistod through all the vicissitodes
Hho region hae suffored. Thie mest steiking examiple of this clase
is perhaps the Now-Kanowha, which sedms to holid the soness
ooripled antecodent to the 1||':|1.I't|'f|'1'|p:|n|_tn; uf thi presenl struetur
of the region,  To the s ¢luss belong probably tho oastern
trilutarics of the Tonnesoo and Alabmon =yatbms which eross
the montamie traet from it erntorn. border northwestward to the
Appalachinn villey ; ulso the stromy of the platoan Bowing
into the Ohiv rver may be ploced in this, alihough thore aro
somd grdnnds for plocing them in the noxt olass,

A ferw of thic strvans koo direet]y Gomsinient g pon the stractore
of the region, Mowing it syielives wheeo thele position s b
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dotierning] by thi Dexuris of the strata,  To this cless helong
portione of the Tonnessee aod Coosse tributnries, genorally mther
smondl strwoms which io the process of dminsge ndjostioent havo
beon: pobbed of the greater parf of thair original boasins by others
more fvvorbly situonted.

Muny of the streom cottrses are directly dopondent wpon the
atricture, but ocoupy positions which they bave copuired by o
process of adjustioent subsequent o the deformation of the
anrfiee.  This elues of mutarely adjosted sulasuent strenme
inclades mast of these within the aren of folded roclks of the
Appdlachion valley, Their coursed ame on or near the dxes of
antlelines, positions mabifestly i possible in sirly stige of the
olding or befime o Jong proccss of adjostoient o taken plue.

A fow apresma show superiooposiion, probably not frm s
supnrincent horizontal termane, but by wandering durisg the
Inter stages of o yvery complote bpsgleveling pori.  Examples
ul this are seuti in the couese of the Clineh river where it orosses
oo mountain, and of the Ocoen whire i crosses thy point of
Bisans monntsin,

Finally some stress appiar to bave boeone mdjusted to eer-
tain pust Colulitions of slope and boasplevel, o that thele courdes
are ol wieh s they wotlid sl ander tho infloence of eondi-
tiows now. existing, A most striking example of such sn anom-
o= course 18 that of the Tommessed river,  Poartions of 3 may
e regmnded ns inborited fom conditions to which they were
acdjosted in the past, bot which hove wholly or o part disap-
pered,

By a study of the dminage, mpevinlly stroams of the laftdr
el tolesablv definite bdea of thete conditions may by reached.
Fhee pevsent river conrses Ddionte he chayges oo altitade aod
atbitnde which have taken place within vesent gooluirde gpochs,
The histors of the same peddod, intseproted from the opogmphie
foafiivis of tho provinee, lies boodi presoitoed i Part I.  Bvi
clenes wus fomd of an olimest gontinnons stocesion G oroginan
aacillations, sopamted by well markaed apochs of tmoguillity.
These perivds, both of trangquillity and oregenio activity, have
et nn vimistakable impression opon the topography, and it
seams reasonable to suppese that they should bave produced an
eipunlly marked effect upon the desinnes,  Thers s o Ui
bl of interpreting this Bistory, which aotil recent yeurs has
g considersd thy only one available ; tiis donsiits of o stiady
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of the sediments derived from the waste of tie Tanid darine the
intervid amil depositer] 28 o frnge aroand 1ts marrin

That the conclosions reached by these theoo mothods of in-
vestigntion shonld agreeds manifost, wind one confilepee in them
iy b e propertion o their concondanee, [t remains to he
see i whether the eonelusions already reachod can be verifiod by
the study of the draliuge nad by the soliments dopisited in the
strrotinding sene

CYCLES OF DRAINAGE DEVELOPNENT

The evalution of the drddnase of this redon basan with the
earliost etnetpunon of Paleogoic sediowents feoon bl sen amd the
conssguent inorease of the eantert continontal aren toward the
wiest.  This proevs of emergencs is belioved o have begun i
Ciambrian titoe and o have continuad st intervals to the olvse of
the Carboniferous.  The charmcter of the ilrainage is much better
known sinee the final smergones of the anties provinee than
during Palevggie time, s miodifioations ean bhe tmced much
more definitely bicause the surraunding conditions are hettor
uniilerstensd, and henes the history of the desinage devalopment
which can be reud with any dugres of certainty may be cunsid-
ered ng beginning with the closs of Paleogoie time. This de-
volopmetit hos nol been '@ continuous prooess, bot s Leon ab
timies eapid, atd then mmin for long periods almnost stnlionnry.
This recurrence of sinailar eonditions in the life history of a
river muy bit termad eyeles of dminage developroent, First
comies o geneml elovation of its drminegs basio, by which thoe
steeam i= repuvenated,  The olevation veasing, the strowm in thi
corttrse of long sges acontn plishes it H-work and sinks into the
slugeish iosotiviby of old g This s Gllowad by un nplift and
the eyele of events 5 topented,

Twosuch cyoles are representid oo the deeom pan ving disgrm,
figare 1. The hesvy lne represents the position of the suefue
with 'rafieonce to pevsonl sealevel, and beoee its changes in alti-
tuide, Ty thie slow piroiess of degradition aml the ford ripid
prrcitiss of opogere movonst, “The horontal spoces wee roughly
proportionad fo the damtion of the perinds which eonstituts n
eyvle. The frst of these oyoles wos extromely long, renching
from the Anal emergemen of the westorn balf of the provines to
near the elose of the Cretaceons period. Tt inclndes the most
extensive perinl of haselevelitng kuown to have affeeted this
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rrgion, Thi second cyele was wuvh ghorter, but the tme was
sufficient fur the warping of the Cretacoons penyplain aml (he
peclisetion of consbdermbls pertions of s surfiice to o seeomd
bgelevel,  The region has liarely intensd upon it thind excle,
which lus thos e boon a peeiol of elevigion iod setive erosion,
nend o prenoplain B8 agali o process of formation

R XIITIONS .I-'.H'Ht‘.'f}ll-,{ﬁ"ﬂ' ETreEn 7.

Prescut -J{lllﬂrwltﬂm' ol Hiwe |-IIIFHI‘L'IHHI.I‘I}I-}" of the Appalachion
provivee prive o the beglnning of this eyels is extromel v vagiio;
it thee conditivns which than provailad ave o h:llmnm!y e -
tocted ‘with the subseguent deadoage, having doterminsd the
loeation of e mneestors of the preent streams, thit they <houlid
briotty be constdered.  Xs far back ax tho history of the rov-
e can be braced, from near the begivning of Paloagoic tine, n
continental lond aren existed to the eastward of the preseut
hp;_lnlnnhlun valley. How far this land extomded sastwand s
not known with any cortianty, but it peobably meached some-
whit bevond the proent Atlantic coast line.  The provess ja
nob well undorstom] by which the land ineludal in the prresent
Appolachion valley wis adided (o this ol continent, It luw
Demtis goviernlly suppossd that the filding of the sesion wnd its
elovation above sodlovel oceurtod wholly in post-Cirbiniforois
firme,  Rovent investigations, however, afford ground for the
theory that folding eovwrred ot varous opochii in the Paledenle.
andl that during many of these periods of folding the Tnml wem
was tuatorinlly merensel and the const ne of the interior sen
wis prshed forther and further wistward.

St Nowing westward from the portion of the continent
e ihcludhed T the southern Appalachian provines bor down
the uaterials ensdod Trotn Wie land el apred thisn ot oyor
the Bottotn of the Paloogsio de  Thede ivers wens cirrtainly
th early ruynmhinlli'm of W prosent streims sl & fow may
have porsisted in thelr oedgloal conrses (o (e present. The
etfvet upon these stroans of the addithons Lo Whie Isid aren wis
probably les marked in the northern thas i tie seathorn [ar=
tivh of the provinee.  Thus in northern Virginin the Jeinne
Wi wisitwird, though by what stream or stresms is nol known,
Eroim thied tioge ofF L first ORI of Flllumsun, sl lments nntil
the entire provines was mised dhove sostlevel ; in contrl Vir-
sinia the New-Kannwhis occupied muels the same position as at
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presisat  while farther southwand soron axial deainage may haye
Iem developad bofore the boginning of eyele 1, as definsd abogye,
This axial dminnee was ut fiest consagnent upon the folded sar.
face and afterwmnd booame subsoquent by the prooess of strean
adjustront, hut how far the process had zone presions o the
beginming of evelo T = not known.

r=CRETACEOEE PTOLE.

In tho post-Paleczots history of stream development the first
eyele was long ond complex—prbably vory muah longer than
wll the time which hsa elapom] sinee fts cothelison. . 11 Ihezitny
1.-r11,l: the fingd emergenee af the wistem part of e Appalachisn
revion above sealevel, near the olode of the Carboniferous, and
erpdesd with the prodietion of the Crotheoous haselaval ponoplaiu
which has alteady beod deserilodd in Part L 1 ooverisd o period
of oleviation, deformation aud crosion, but the peoiTacts of this
erosioh wore carriod fur hoyond the margin of the 26 s Toontid
in sueoeeding opochz and rl'-ma,ﬂ y Imvied Heoeath the tater sedi-
ments; henoe we are deprived of the evideoce whiich might be
afforded by the character of the material, os to the rolative pleva.-
tiom and slope of the land. T s not knnw low many partial
petieplning iy have been formus] during this titee, bt it 3= fn-
ferrisd thit it woe inogenem] & perdod of mipid degendation am)
earrespotiilingly fapid sedimentation.

As Bated dhove, e B Koown of the prooess by whioh e
Appalnching valley and the westarn portion of the firovios
wins fuldid o the Paleogoie contineit-—whether the folding and
pmorgenee took place nt the same o ol diferent porods, 17 the
eorrugation was extromoly slow the lsrger strewms moay hava
heen annd peobably were able toeut their channels through the
risinig foliks and for g Iong tine hald thein nrl_e'Em_ﬂ o inibeoo Lot
autrrses towand the northwest,  On o othor hand, i the folds
ros e isdly the streamms nionst have been ponded aml most of
them diverted to entirgly new counss in the synelines; bat by
e preooesss of river adjustooont the fined resalt wonbd e thoe saoe
in either ey The difforence wonld Lo that il tho folding were
vory slow the deadtnge would Die finst anteaddént nnd thien sulso.
cpuont, while if it wero mpid i wonld b first snsguent aod then
anbeequimt.  Binoy thore 15 no evidenee in this region, so far ns
known, that Iakes formed by cormmzation ovor existed, only the
first hypothesis—that of dlow ani lorg-continied flding—neod
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by eomsidorinl,  Lowm | dliversion of sroall stresems mony very Hkely
have tnken place by foldiog bt the dminsze st the oloso of the
Cretaeootts eyvelo was essentinlly the resnlt of spontaneons al-
jusgtment of the streams to the structure sarfon revenled by
arosion,  The ehief lliﬂit:lﬂijn" [ dlovipharing e record off this
deiitmge developroent i o determine low muoeh of e adjust-
mont fook ploee within this ovele and how much Hofore s
bigrimnsirie,

Dwvivivage of noethern Virgia.—In the noetlior portlon of the
prrovines tho main stroamis held thoie westwind courses ferosa
thae psing folils and found wn oot in the shrinking mediter
moean sen. Al somo fime during the early part of the oyele a
dupression openrred in the presont plodmont plaing in which the
Newarlk sodimants were subsequently dopesitod,  This depres=
siom wis i erant Frons the purely Appalaclian type of synelina]
folil, more nearly resembiling Uliiis plifts diseribed in Part 1
slight vrogenie movements by which the surfnes wois somewhiat
broadly arched or dupressed, but pueconmpanled by any por-
ceptibde loliling oF the rooks,  This castward tilbing prodisosd a
dedided effect upon the deninage of the nocthern portion of the
provines.  Tho bondwaters of the former stresms wens soon re-
virpserd by tha pronovnoed eastward glope aud the divides wore
foreed back some digtance from the margin of the Newnrk son.
Thua the Patomac, the James and the Roanoke had thar hirth
in the subsidenee which I'!HH‘H'L‘-II the deposttion of the Newsnrk
formiatiin, anil ||rr=uumhl'.' i thee vory cardiest stagee of this
evele.  The influetiee of this castward Hll‘lllg evidontly dimin-
inhied towvnrd the sonth, for the Potomme dovns more of the Ap-
poalachinn valley than the James, and the James more than the
Roindke, while thie New-Kanawha holds ita orginal wostwiind
oorrse, modfocted by gny Giting which ooy have oconresd aboat

e headbwators.

Dyoinoge of the sonthern Apprdackion. Valloy.—South of the New-
Kanawha hesin the main streams also doubitliss persisted across
Lhe rising falids for o short time after the eginning of the eyele,
adthopgh in this rogon the ghinee of diversion oo synelina)
troag s were muich grenter than Brther northwaed, oven with ex-
tremnly slow folding. A= soun ae the foldehad tean snthiciently
high s thot erosion npon their faonks ond sunmits hecame aetive
i nls of wvarying hiatdiess woere aocposod, sonthwend Howing
wainl Etrenins, sided by the geouel southward piteh of the nxes,
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itgrant  eareer of eindiiost sl the originnl Sireniis wors suooes-
siviely diverted to sauthiemm eourses.  Thore are inilicntions in
the extreme sonthern portion of the provines that the deainna
was more immedintely turaed to and longer held inoomseguent
gonrsas by the folding thiun elsewhere,  This may have bean ilne
to the aertirmynes of broad synelinal troughs whose axes linve o
diidesl somthward gitels. 'I".llwrr are At presonl 8 few =svrelinal
abresim= in this segion wmd during the Crotasceons exale the nun-
b el slzeof such mst hiave heon considermbily granter s hog
evon hove the drdnage had - prolably beoome so far adjistd
thit the main streanis hod subseguont doueses pon the anti-
elinal axes.  Tr the gonten] peortion of the provines the Cime-
borland river probuably desined a8 portion of the Appalachinn
valley in southowvestern Viegoio holding s sotesodont eoorso
through Combortand gpoand fowing ok the extome emd of
the Mississippi embayment,

The eomwgest of axial over transverse stroams progressod af
a dhinmrinishing mte towand the northenst as fie a8 the Now-
Kannaha, which had sunk its antepalont ehannel sufficiontly
g e ks owen peotection,

Thusat the close of the evels nerly the whole' of the Appe-
ldshinn valley sonthwarid from the New-Knnnwha ebnstitutd
wo=ele dendtage svstom whose tain trouk wik W lutgs Fiver
Howing southwestwand ioto) the Urdtacoons s noed aeon pying
very nonely the prosent postion of tho Coosa river. The priswnt
writers propoze the name Appalachinn nver for this Mesozoie
stroitm, sbon it was almost ontirely Timited to the Appaladhion
yallivy and desinml miore than hall the areg of the valley within
thin pimovings,

Drainage of eenbral Kewbeky and Prmesee <<Tn most of te
pogion west of the Appalnchinn chver basin the strmin are so
tenrly horfzonlnl thot strenm adjustment prodoced bat little
maodifleation W the originad  diminags.  The rivers of dontend
Kentoeky and Tonnegsee have shifted their channeds aoder the
it iomes of more rocon| suvsed warping, ot of thaeloss ol theCre-
toopous oyele they probably Howed directly down ngant] vy sloping
snrtnee towand the Mississippi embayment.  Many of them wor
the boheaded lower cotirsos of those dbnmms which orginally
flowetl from the 'f|l=-|:t|||.||i|1|.-| om Uie enst, bt bl Deon, rohbed of
their upper dresinnze basins by the subsegquent Appalaahinn
rhver

1Mo . Mas, vt Y1, 1984,
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Divvvininnge of Gl Segnetehae Aatiglioe —The Walden platean syn-
eline must origiaally have been oooupied by g oopsoguent south-
ward Howing-stres, since the axis pitches ioothat direction nod
the fold renched the marzin of the Cretacoons sea.  The lower por-
tion of this streacn stlll holds it original position and is-now the
Black Warrior river,

West of Walden platesu the Ser ﬂlﬂh*hilr antielingd fold beovzht
aoft limestones alive the Crotpesouy beseliovel and so affondol
amiple opportunity for steoaom adjustipent o aet.  That  the
Walduny synolivnl stevam did not inigmte westward to the ati-
clinal nxis wis probabily doe o the southwand patdls oF th
latter in northern Mabao by which the bard Uarboniforous
conglomerate was hrought down o baseleval aroond e puiint
of the anticline; hat o stream Bowing northwestwand in nearly
the position of the present Tonnesse appears to have  baen
alile 1o eapture the dminage of the Sequatchie anticline at
some time during the Cretaceous evele It i quite possible
that the southern portion of the aticline pow forming Browris
vitlley was fur u time in the Black Warror desinnge: bot
that the westward diversion ueenreed rather warly in the ovele
is appurent from the imperfect developnent of the Cretaisdins
peneplain abont its southwestorn oml, whers a st Lo eyt St resn)
Howing into the Blick Wartior st have eseapod ffom the
anticline, while, on the other hand, the sountry was very juor
feotly rovmeed to baselevel in the vieinity of the prosont westwnnd
otitlot. It was shown in Part | thot the axis 4 B, plats 5, los
bewn the lovus of I'IFI-I'i"Jlljml'l-.-S: Irom vory momnobs goologic time
down neardy to the preseot, mml it appears probable that the
loeation of the diverting. strenm was determinid liy this axis,
The altitdde of the Cretaenons peneplain relitive to ﬂ-.._-, goirl gl
structurs shows thut this was noeone of relative evution during
i porticn ot least of the ovele, anil eonsequontly was s line of
woenlness which eroston wortld oot redily follow, sinee the sofl
limestone was there brought nearcst thie snefive,

At the close of the first ovele; then, the whols province, exeepit
the few residoal areas shown ono plate 5, was redueed to o
whnost fepttiroless  plain, over which the Ehrennas; ue sketihad
aliwve, owed  with slymeish currents iy mepndering s,
Thﬁr travsporting power wis grently diminishod, so that the
land was being desmaded alimost whully by solation and the
surfue was ooverad by a |.:|t.-,u'y nussitle of resiibanl matorin,
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roattltine frovn o long poriod of subsein] pock domy,.  Thedivides
were low, slopes enthy and  the dmipngn systoms dolicntoly
adjusted nmong themselves,

* —~TERTTARF CYCLY

Thu fest ovolo was Drought to o elose aod the sseond eyele
inangurided by an uphit of the provieee.  As explained in urt
1, tho meaximum uplift was along cortnin gixial lines which pro-
duewd a warping of the previously formed peteplnin,  The first
effict of olevation was toorevive the stromms, so thit thes Dbigan
aotive arvmion of thair chanoels, H't.lhr-upl'It't hodd brewsny gt form
over the provinee the streams woulid shinply hinve persigted in
their ol coneses, bt the wakping gave some stronms o docided
pdvantoge over dthém and the pirocess of aidjustmont o now
comditions produdind soave declded  changes 1o the dealcige.
Mwing to the delieste intordjvstment which the stronms Juul
reachod doring the preceding long poriod of beseleveling, they
warn penuliarly spseeptible to chunge, wid tha flirst alight warp-
ing. ofter the baseleveling, was proyluctive of prenter clinnges than
that which occurrmd lator

Effectsof Upllfton the Azis 6 P—The fiedt decided movement at
the hesinning of this seeonind ovele appuars 6 have taken placs
wlong the axis € 8, shown on plate 5 The effect which it pro-
ditesd ppon the deainoge il $o direct o bedreing on the sulse-
quent diversion of the Appalachian river to the presont counrse
of the Teoneses that o somewhit detailed wecoumt of its effocts
will T griveru ;

It must be borpe in mind thet st the beginning of this oyele
the most of the Appalachion yalloy was occnpied by southwand
flowinge streams, which discharged their wators direetly into the
{rebnecnus st that the Sund mountiin syueling soull of the
Taminessins gorge wns oceuded by B consoginent stresn also Tew-
fug southwestwaed to they Critnesons sea, nnd that the Sequatehie
pntioline was hold by nospbsegquont stroun Qowing, in its lowoer
conmse, oorthwestword to the Missis<ippl émboyment.  Thoe
Comberland flver wis ot the saing e & vigorons steéam, peol-
ably Rowing nearly due wostwand along the presont Kentucky-
Temmussee Line to the apper ond of the Missidsippl ombayment,
The platean rogion wos almost completely rodueed to basolovel
and the strenms nicely balaneed against sach other,  Under such
conditions the slight aplift uecureing alomg e lne 0 0" cheknd
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sivne strestos atd started othiers dpom careers of oonquest. Only
the Durger stesimd continuesl seess the axin, auil the epueses of
thiesi wore shilted by the aphift.  Thes the axis became n well
tirkod divide between snstwand and westwarnd owing strames,
It erossed hio presetit Tenbussee gorpe abiut nilway from
Chuttanoomm to the Seguateliio valley and deteriined the peosi-
on of the divide agninet whicl streams of the Appilaclisn and
Soquatebiosystomns worked duriog the whole of the seoomd eveli
Newtlmued from the Tonnesso gorge it dingonally erosssd Wal.
theny platean, the Sequatehic spticline and the Cumberland
platesins to the westorn esearpment of the lotter, diverting to th
enstward Appalinchionn systewn the heats of many stroams which
il previoualy flowed westwanl,  The nplift on this axis was
gresmtest in the vicinbty of Clettaniogn, fromt which it deerensed
in vither direction, Poward the novth the pitch of the axis was
I'-jﬂitl." Hl;ﬁl]; ]It‘fﬂitl'.l:'iﬂ'ﬂ_ o ueloedd oot L1 fieni the ewilise of l_hl::
Cuggiherbind rivor.

That stream, ss stated above, probabily fowad die westwar]
near the present Kanbueky-Tennessen line. Tt was too Targn Lo
he: diverted pnstward fo the Appalachinn systen, bt it wis #o
chockod by the nsing folid thet » tributury, onestng the axis 50
miles further northward, where the aplift was less, hod sufficiont
nchvantage over the mnit strenm W cirey off s hoadwaters o
the more favaenlle position.,

A indienter] phove and shown apon plate 4, the steems of
Sl mountuin south of the Tennesse porge How wodbwand
frotn the extreme enstérn edge of the platen ad liave ot Qeep
notehies inits westorn side, in sonid ensés even bovond 1he conter
of the bosin.  In Waldon ridies, o continnation off the sime
phatenn north of the Tennesee gooeo, all the stesams Dow st
wand, hoadiig by sne oases only a fow hundred vards From thie
wostort epoeprpment.  Tluse linve vof deep notohes in (e eastern
siddie of fhe platean.  This peenline drplnagn 18 due chiofly o
the nxig ol o plifh O 8, desiribnst nbove, but also in part to fovad
condlitions which continusd fiom the precerding evele,  In the
first pluce, the nutielingd valley west of the platesu wis frmod
by a southwand flowing stroam, so that i southern portion wis
firet oxenvated aid erosion pigeressed towand the novth @ lenee
tho strvains fowling feomn the platena futh the sputhern Part af
the valley hud lower outlots, Wil sa eéid more rapldly. than these
toward the northy East of this southern gart of the plateau s
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an anticlinad aml synelinal fold—Lookout valley and monn-
tain—af which the latber was prohably not modueed entinsly o
the Uritnewons baselevel, anild henes affordied a0 protesting bul-
wikrh sgainst croslon upon the sastern side of Sand mountain,
Rorth of the prosent Tonnesses gorge the pobditions were exnetly
revorard,  The western side of the platenn was protectsd from
ervsion by the Seqintelid antioline, the castorn Hinl of which,
cotinpromid of heavy conglotaorty, hiad prabably romained sote-
whint ubove the Cretacoous Basolevel, turning the deansge oast-
wied o the Appalschinn rivers, whose valleys ware mpiidly
fowored wpon #oft rocks: early in the Terfiary oyele.  These
streming cut deep notohes in the eastern side of the platean as far
sonth as Chattanooga, byvond which tho enstorn slde was pro-
tovted by the Lookout wountain syweling of hard sandstone, us
alpoady vxplnlised,  Asu result of these pecaliar comditiong the
platenns was attacked by streamis on both 1ts eastorn and westen
aliles cnly within w steip a few miles hroiil, where the Tonnissoe
river now croses,  Hepe doop noteliss wire out on oiposite sidos
of the platoin and the eapping sandstone romoved on sevoral
lines enbirely teresa. So long as the uplift on the nxis O oon.
tinued the divido was hold stationary aond neither set. of stroaums
eneroached apon the jerritory of the other, but the ecols were
reducid nonrly to the valloy level on either aide, and the way
thus preparod for the diversion of the Appalachion riven, later
in the evele. The uplift along this axiz probably ooutinod
with' diminishing foree through the first hall of the Tertiney
svele or possibly longer.  During the same period variabile
ampounts of uplift opearesd in other porkions OF the provinge,
which wias thies beowgeht to an albitile Feomm 1000 o ] 000 feet
higlor than that leld ot the elose of the Cretnoooas ovele,  Prob.
_||J_'|-l:|.'. Vit e <lresain gl { iz sbrnreni ks simablar o Lhsi dlosoriland I Lhao
Chintbaross districd wees Beouglt about Ty this wmogquad wiplif:
Tt b goneeal the stivans sbn ply sank thore ohaomels below the
surfies of the peneplain, following the same conrses g8 18 the
precuding evelin Wherever these pourses wore bopeutedd wpon
saft rovks the rivers were quickly lowered to the newly estabe
lishind baselevel and began to widen their chanbils, lurming a
secotud penopilain,

Conddition of Drittncege prioe b the Lafieyatte Depression.—Thus
towned the alose of the Terliary evele the streams Nowing west-
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wartd Tiud emt bromd basgelevel valluvs, deseriliod In Parl 1, in
the s0it horizomtal Timestane of the platonn rogion sad T sonme
of the folded ks immediately oastward,  The gronter part of
the Sequntchie antictine had thos been rodueed to o peneplain
continus with the mere extonsive one throogh the  platesu to
the westward,  Cunilieeland river bl out deoply into the old
Clrotpmening ‘!HJ!!Il;:lllil.'Ill atl 1:I.|._*.?Iiﬂ '-Ilpirp:lr;-'q?ﬂlm'i it= l;'.n.]]rfj.‘ i the solt
Hodestones of the platonn rogion. 18 also proliably baseliveled a
skl seed of foldad rocks n e Appalichian valley—the pres-
ot basin of Powall fiver whish then Dowed] westwarnd I_-hnl'r.lgh
Ciemborland gip. The Now-Katiawhin hod olb sn extonsive
prvatiplain T the Chrbonifiroas luestone ol the castorn side of
the West Vieginin oml fisld, and aldo o the flded Cumbro-
Stlurinn Hmwstone of the valley region,  The latter Himestono §s
It saluble and homogeneous than the former, 50 that its out-
crops were less perfoctly rodaced, forming o molline-sarfues in-
stesed of o Jevel plain,

In the southeastern portion of the provinee the uplifk of the
Uretareites petpepluiin wise so slishit thid the stronms were seieealy
ol all nceelorntod, and b the viciiity of Aflaots despened thige
channdls not more than 100 Teet theoughout the whole Tortiney
eyelo.

From the New-Kannwha southwestward to the marein of the
Tertiary sen the Appalochion rver snd it teibataries T oot
dioply into the Crotuseous penopdain and reduced all areas of
st vocks, more or less ocomplotaly, to the now baselevel.  The
physiogeaphy of this Tektinry peneplain has already hoen de-
seribued 0 some detndl,  Fhe plain was very perfoctly doyediopusd
overamuds of pure Hmestone, while silicious lithestones, shales
atil sandstones furmod a wolling surface or rilsis of varging
Idghits, in preopiartion o thede induration or .:ﬁpuulit_-.- e pesisl-
U ChesE .

LU s probuble thint tho gead, Apgalaching fver wis Sl
by twomnin branches which Howed in oeaely poenllo] ooy ras
oy thir junetion wist of Rome, Goeonrdae  The wostorn brngel
falliowiedd the present oourse of the (lined and Tonnesos to
Chuttanom, and themee of the Chicknmanga and Chattooss
to the junction of the lttor with the Cooss; the eastorn heaneh
followed the course of the Huldton and continnosd southward
from Knoxville aling the buge of the Gt Smoky monntains
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tor thio Crosa ab Rotie, wied thence to its Junetion with the wistern
liranel

DIVERFIGN OF THE APFALACHIAY KIVEL

It is statedd above that the dminage of the Appilachinn villey
was somthwestward, from the New-Kanpwha- babin to the s
mumh[ until the elose of the Tertinry bascloveling period.
Binee the ute of diversion of this 4]n'Ll1uLE,|- = nn extramely in-
prrtant pulnt in the history of o region amd snee the alove
gtntotent 1 linlle t be questionsd, the eroturmds on which it i
bassd will Lo given n some detail. The ovidoooe 3 derived
from (1) the perfoctly hasolevalsd divide Detwom o Tonoesses
and Coosn river hoa=ing : (2) o comparson of the volume of ma-
torinl eroded | from the Appoluchion walley with that of the
Tortinry sodiments in central Alabomas; and (35 the mimatarity
of the Tennesseq gonge through the plibaiu bl Ulittanongs,

Emidenee from the Cios-Tianesae Divide—As already stitesl, o
peneplain, extending from the Cionherland platean an the torth-
wosl b the Great Smoky mountaing on the southeast, strotches
Frogn the hewid of the Holdton and Clingh #ivers o tho edge of
thie Turtisey soditnonts in eottiid Alnbarn.  This penepliin s
woll shown iu the phtagraphs of Ehi rirliel map of this region
roprodneind as plate 4. 16 iz 08 perfeetly doveloped. aoross the
Coosp=Tonnesset dlivide a8 elsswhore, wod shows o peroeptible
varintion i the two hasing except the m'ndlml sonithwanl de-
scenth shown in plate Gand due o aubseguent diffarenting olevi-
thon, It extends acrss the Appalachinn valley from Pigeon
mronitiein o the base of the Cobutts mountaing, a distanes of
40 milles, Interrupted only by the valley ridges of hard sind-
Fone or by Tow knobis of siliolousd Kuox' dolowite,  Sinoe the
protioplnin is dovelopnd anly onosofi reeks, it s possible that thie
dividios might Tiave Been out down o theie prosent altitodes
by backwanl arosion of hesdwators wihils the streams ooevpiod
thedr present comeses ; bt while the altitede of the divides is
nob ponelusive evidenve that the main streams buve flowed
peross them, the hreadth of tho valley npon the divide rtenially
strongiliots the svidenes. . By the buekwnnd ettting of streuns
at thedr headwaters a chameteristic denditic, inosenalnting dmin-
a5 developed, and it seems improlabile that the diviides shoald
have been mazntained in Husr proseot. position throughout the
Tertinry ovale without produecing this chnrmetdristic surinee,
which I8 consplonously alisent.
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It should be romarked thot while the writers fanm orl¥ roanrded
the charicter of the divides betwoen  these deninags basins as
comelusive evildenos that Tinro streams flowod | neross thew antil
the elose of the Tertiney poviod of baseleveling, they have meently
fotind rossons for molifving this condlusion. A sty of the
divides Lotwosn deainage busins thronghout the Appadachinn
valloy from Pennsylvanin southward shows that mwost of the
are (uite perfoetly rdooed to the altibude of the Terfinre pene-
plain in adjaeehl hasins, although not gotiernlly su bropdly out
as the one in question.  Thore T8 no reidsin, o [he ax known, for
stpposing that the divides betwosn the Potomnse and James or
the James and Bownoke basing havo shifted during the Tortiary
eyule, vet they are nearly as inconspicaoes as thoss hetwoem the
Tennessi and Covsn, - On the other haml, the divide between
the New and Holston basing has the form of a narrow onl,
#ioh ns would be expected o ehnrmeterize all lngmaintainod
diviedes,

}'_-,'.’.g,u}l’,m.mfmm the Vidwme of Miterind evnded i r.i"ﬂJHra.'H.rq'l.—'T'lli:
st Tind of evidonoe bonring on the dute at which the Appa-
Dchinn dminane wis divertol W is prosont westwan] oourse i
derived from aosomparison of the volimes of Tertiniy erosion
and Tortiary sodimonts. It s oompaetivaly sy W comipate
the valumo of the matorinl which was removied by the fvers
during the Terlinry, eyele, when the vertionl distanes habwienn
the previeusly existing ponoplain and the sy devoloped during
the Tertinre evele is known, togrethior with their laternl extent ;
wlsu o tolorubly safe estimute way he made of the volume of
suciimoints doposited by each of the rivers dardng the Tertinry
avele.  IF the deabnage dorig the whole of the evele wis waen-
Fially as 0t Qs ot prcsont, thea the volume of aediments which
wonld rotamlly be deposited by the presint stronms and e
vilume of the matarin] eroded by those stevivms should show n
practical agrovment.  The formations laid down during the Ter
thury oyele pre regardid as including (1) the Riplyy—sands aml
sitnly elays overlying the Botten linestone and marking the
aplift which terminated the proading cyele: 23 Lignitie; (8)
Bulirstone; (4) Claibarne; (5) White Himmestone ®—a sories de-
erensing in eoarsoness abil inereazing in moonnt off oiedrions

* Thee Tertbary monl Crutncsons St ol tie Tiseslooss, Tombighon aml
Alnimumet ivers, by Evgone A Smith and Lawrenes O, Johnson : T8
Gendogimd Brirvey, Washington, Holl, 48, 1557, 180 ppo, 21 pls:
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miatter oontaimesd.  The sediments beonghs down by n Tectinry
strenim, corresponiding in Jocation to the present Alnhomn river,
were sprepcd over the adinornt.sen bottorn, mingling on the east
with the sediments brought down by the Chinttnhooches amd on
the wist with thiose brought down by the Toobighes, 1t is
probilile that more sediment was be uughl ifown by the Alalnma
tian by thie stepaims on elther side, sinee i vecaples the axis of
uplift whers the greatest epsalon tool pluce.  Hondo il a e De
denw'el midway betworn thie Aabdimn and Clhinttahooole on the
ot ] Diobweion Ahe Alabamoa ool Tombaghon on the west the
ireit inelwded would sertaindy ool be wider e the depisition
aren of U axinl river.  The aren igeluded by thess lines amd’
by the limits of the Riploy and White limestone formations is
abont 6,50 sqinre miles. The thicknes of the sediments o
this nren, down to the bottom of the Ripley, #aries from U at
thie northorn edige to LI et mt the soathern edge, and thedr
vl is alwnt 1,570 cubde miles . ot these fatmations exlend
irder the covering of lnler depdsita, thinning out sedward, aod
while it f= inipossible 1 determine theie extint or thickness in
that oHrodthon, it Memis . consorvitive estimste Torisgmnd the
volumie of the sedinwmta in the seowand estomsiom of the forme-
tions gy wqanl to that of the actanl outorops. This eetdmats
woull make the volume pf the ssliments which may be at-
tribntod to tho stronm whose lower cottrse aeonpind the present
powition: of Alabama nver durng the Terbiary evilo alwnt
G540 ratife miles,

Turnine vow to the volume of msterinl eroded Trom the Ure-
taceons penepladn doreing the Tertiary evele by the Alabmmn
anil s teidataries, the basis for an ostimate i@ somowhal bottar
thag in the oiso of the sedimente.  The gritor park of thin ero-
wion has boen in the vallov of the Coosa aml cwnparntively
little in that of the Tallapogsn—fimst, becamse the vertieal dis-
tines botwenn the beselevels i sroater in the formor than the
Inttor river basing and, seonnd, Boeause: the rocks are salter unnil
bsvee hiove hoen: more perfectly redueed,  Thronghoul st of
the Cosen basin the two peneplaine ame suoiently well pre-
servesd s that a definite estimate ean be miudo of the matoril
remioved during the Terthory evele. The pmonnt of elovation
wid dlstortion which the Cretaccons pedeplain suffeesd ot the
plose ol the Cratnesows ovele oy bo dhotitinionml frotn n compie-
fon of plates 5 and 60 TE varled froug 900 or LD Toeb at the

beeXar, Ghmss M, wur V], Lusdg,
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Tennessop-Gicorgin line to O where the two plains coineide i
sotithern Mobomn.. A careful estinante shiows tht the volome
of materinl removed by the Alabumn and all its tributaries dae
ing the Tertinry cxcle is about 022 cubic miles.  The great dis-
pirity hetween this wad the volume of mediments Toid down
during this veele by & river occapying the position of the Als-
barmn leads as Lo aeily fnrther for the somres of the erept minss of
material.  Manifostly thi= souree I8 in the Appalachian valley
okl of Che Coost Disin amd at present dmined by the Toinessoo
towand the porthwest.  The volume of muterinl romovod From
the Tennesson bnsin alove Clinttanooin duriog thie Tectinry eyele
cmnbined with that removed from e Alobaon bosin is about
L2500 cubie miles.  Comparing this with the 20840 cubiv miles
of serkimetits dopodito] during the Tertiary evele hy the Alabamn
river, the agroement i= so close that the conelusion ssems tn be
inevitalily that tie deaitogo of the Appalachiin valley was soith-
warl until near the end of the "l"n_'!rﬁnr!.r ovislin

Erilonee fron the Cluracter of the Gorge bolme Chatlamngn—A
third line of ovidende bearing on the dite at which the Appa.
Inchian Jdininage was divertind to it presont wosfwunl conese ls
derrivenl from wn exarninetion of the Tonnessee gorge olow (Tt
tunooga podd n gormpatisan of this porpe with othor portions of
the Teunesseo valloy forme pnder analogons sonditions.

Tha winding eourse of the Tennmsoe river throneh Waldon
plistimn has beon eonsdlerod ns ovidenoe that this portion of its
conrse was ditermmingd during a perdod of basolovoling when the
presdont sumonit of U platena stood nesee sealoval @ that with
subsoruent uplitt the river continoml W Qow in its sdnnous
oot acyiired wadere baselovel eomlitions, outting it ||r£-|'a:.-m.
gorge beluw the surfies of the old peteplain. I this explana-
tion of its winding course i= corteet, 16 follows either that the
Tenmneszee is here Bowing i nn aitocedent coarse or thit i was
diverted some time beforo the elose of the Cretnooons ovile s hut
this eomelizmion 8 o1 varinoneo with that renchid by the two Hnes
of avidenoe wiven nhove, as well as by ﬁutm];:'l'llmhu}n of the Eop
itslf.  The chamuter of the gorge i shown on plated.  Ts sides
atw exbremely steop fom the eliffs st the pliteas summil to the
water's edie.  Fomest plaoes theee i searcely room for 4 wagon
roid botwion the aslieupt slope aml the river, and only o few
narrow steipd of Hood-plain oceur throughout its entire length.
On thie hypothesis of diversion in i Cirolacoons evels, the river



Witldan Gorge and Tennemee Valley, 115

s oceupied this narmow gorze throughout the eotire perind
during which thy onormous ermsion of the Appalachian valley
Wi ﬂ.nmm|:-h=rhl.+r.1 Thist & pieniplain should bave bagn devel-
apidd From 20 bo 40 miles in beeadth and from contml Vieginia
to northiern Geargia by the snne river i Bhe saone time that the
Instgnificant frips ol Bood-plddn in the gore were Doing cul is
quite nprolnble, It i tfue the conditions of erssion in bhie
bwo eakes wire ool the same.  The Tertiney poniplain in the
Appidiehion valley is dovcloped aaly on pres of soft rocks
which are gonerally steeply inclined ; but, even allowing the
groatest possible weight to the differont conditins of erasion,
the dserepaney in amonnt of eroston e iins soloe f'.'lﬂ.hﬂ-r -
planation, if the titne were the same in bl Gasos.

While s direot com pivrison eannot b made hebwenn the Wal-
dimy gomge and the uppier Tennessoo villey on decount of diffor-
enee jn somditiols, auch o compreriaon oay be mode botween the
gorpo and a valley in northorn Alabnmn, extiondiig from Sootix-
boro scnutliwesiward to the mioth of FTint rivee, A portion of
it i ahoven on plote 4. 16 = nowhore Tess than six milos beood,
atil = Moor is very regular, forming o portion of the Torfinry
peneplain.  The nge of this valley s casily determined ; 11 is
enrved in the Cretacgous ponoplain ; therofore it 15 more. recant
than the Cretacoous; it is contintous with the Tertiary pene-
plain, and honee was completed ot the elosg of the Tortiary Tnse-
loveling period ; and at the dlise of that porisd it was desorted
by the stream which cdrved it The conditions ander which
thiz valloy was bt are proctiodly the, some a8 thosoe now pre-
vadling in the gporge thriveh Wilden platent.  In bioth cades:
{lin pocks wre nenrdy hoeigontal, heavy sandstones capping the
prlatesn, with eaxily crodible Carboniforous limestones boneath.
such condifions dee highly fvomble for mpid cormsion of o
river channel.  ‘The sandstone cap i= undenmined and jts débmis
rolls down nml forms w tados on the lower slopes. The mde ot
whioh the ofiffe recode depenils lasgely an the mte at which the
sanietonn talus is removed from the slopus anid the limestong is
expose] o drosion.  No econditions eonld be more favorable fir
this rapid removal of the proteeting débris thon those now present
in the Walden gorge, whers thie base of the slope is woshsd by
strpsni competent to remove all tolis fronn tho oliffs above, the
charsest o wioll as the fuest.  Corthinly the eomlitions: in the
gorgo are fally ds favorble as they were oo the valloy west of
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Seottaboro when that was bying ont, and the stream which fowesd
in that valloy was probobly smaller than the presant Tennessse
thivritfore, if undor the sme oonditinn=s a smaller stream than
the pessent Tomneses conld vt =0 hroad & valley a= it did in
northern Alabumn duribg the Tertinry evele, the convluston
suetis inevitable that the presedt sofge throngh Waldeh platean
hims boen voctipied & verv amaely shorter e, nud honoe fla
Appalnehinn deainngt Wik ol (Hverted B Ts presant westwsied
ooness T wfter s part or the whole of the Tertiney oyole  The
gxplanation of the monuer inowlieh tho writers Holieve the
present winding: onmse of the Tonpessos Lyrough the plateso
was: acgrired will bo given indeseribing the process by which
thie diversdon was acenmplished, _

Cirielitione smmetlinte y preceding the  Diverdion—Ihiring the
e elevation which inaungneted the Tertiney ayels and the
much slower uplift which oocureed near thie olise oF the leese
levisling periodd, the land are was onlarged by the adidition of
sucoissive narrow holts of newly eoergod sodiments: T most
cibed the stroams pishod tholr wiy aores these Bolts by the
shortest Hioe to tidowator,  The steoam dmicing the Sevjuatehio
naticling flowed westward throngh the platsau of northeern Alas
bamn by the broad vulley aleeady deseribod : from the moath
af Flint river its cotrsn coineided with that of the present Ten-
nesere o the Mirsissipgi line,  From this point it flowed south-
westwnrid to the \Ihﬂﬂipp; atrthayriedit very noarly in the pres
ot position of Bluek miver, erossing the Crelacesns mhmﬂ:h e
thiey were oxposia] ab the elose of the Crotaesons evels snd the
suevissive bolts of Tortlary ssdiments ue they =lowly smergsd
duaring the lattir port of Ui Tertiary evole,

Tha Tertinry oyelo wis minrke] near s oloso By o dopiresiiof
whinh effectinlly stopped the basolovaling peovess.  Thils e
pression was ok upiforns, but like e preoeding olovation wias
pocompaniod by wmrping of the surfiee. 32 indiented by the
l'.'l!":I.Il:"I'H]'H'liI‘J!LIIm'rI'IH rll‘illllll'r.l'ltﬂﬁ_l.lnl_ “‘:[: llll'lj'lﬂglﬂil_“l WS an.\,- Hﬁ_ﬂlh[,
st the present Goll somel, 25 foet more or less at Mobilo, fncrons
g ithivened o G50 et o more one the "-‘htmplu-tt hinrleston
axis (4 B, plate 8). Nosthward from this sxis the depression
dooreieed, passing into u prodounced uplift In the nepthern por-
tion of the provingg. D other wards, the sugthern portion of
the provineo was tilbed portliwnnd, decmising its seawanl pra-
dient, whilee w pordon ot Teast of the Toterior wis Wted doatlss
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wartd; inoreasing il8 slopn.  There was also some warping oo thy
Intornl mxis =0 that the depression on o B was less in the Appa-
tnchian valley than on eithor side.  As the fimt sosult of this
rirq:ramlnn, the sen, which B vetrealod IH*ynnl'l the presont Gulf
et elinrioge bhe Tertiney, sdvanced past the bomeer Tisnits of Ter-
tinry snd Crelaceous sedbinents, whils the Missssippi coboymont
besime s brogd, shallow golf gnd o portion of the Sequatchic
valloy o pareow tidal estudry.  Doring ik deprssion the Las
favolle formation was depositeill. Thoe proviously  baselovelod
stpopansE, by the warping of the land, were soegloratsd i tho -
perior amd Torought down vast guantities of detrital materin
which had necummnloted during a limg period of subaorial moek
decay, This wos spread out ponthewiso aver the salvoerged
harder of the provines and alomg the hwer conrses of the strois
where their eurrents wero chooked.  These gravels are found on
the reunpnts of the Tertinry pencpilain whout Chattanoogs, 250
foet abipve the present river; they are nlso found on 'the Tertiary
punwplain o Segnatchie valley, 150 fodt nhove the river, bt 5o
far e known thoy nee oitirely dbisont from the divide Debwoets
the Teohessee aild Coosa rivers  FPhese grvils have the s
eharncter on hoth sides of Waldon plateaw, boing com posid of
gpuartzite nod vein guartz, of which the Intter ot least must haye
e brought from far to the castwand ;. therofore it appears cer
tnin that the Appalachisn drminaze wis divertind from the present
Tennesmeo-Uooms divide wmtwnhl by s prckenl, eourso through
the Wilden ;pnrgu- very early in the period of Lafayetie depres-
sion,  Following this [n:ruu] uf depredsion enme one of uplift,

when the streams of the provined were stivgolabsd to renowed
webivity amd begnn eutfing the prosent river chatinds.  That the
Appalachinn dreditage was divertod o Tt presont eowrse Do
thi= wplift ik quite cortain, fe oo chaunels are ool o the Tertiary
pronirplain niross the CoosnsTennesson divide.

Muowner tw which the Iversion was gecrmped il —Having txed
it cdmbe in goologic time with o fair dezogo of cortainty, the pro-
ces= by which the diverslon was effected miay now bie deserilual
i detail. Tlie conditions which pruvailed in  thee reion between
Clhattanpnm and Sequatghie valley during the Tertiary cvele
have heott alocady described.  With the aplift ot the beginuing
of that pvele the main southword flowiby streams rmpidly snk
thielr ahunnels oin thio soft Tinostang, while thale trilatacies Legnn
il aetive éintest for the Tntervening tervitory.  Thoe axial aplif,
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o the Hine O £ determtined the loeation of the divids botwoen
tho contemling stremims nod held it stationary for a Lo time,
noubrulizing the sdvantage which loeal eonditGons wonlld hnve
gi'F"EIH one or the other svsten med preventing OOEE I o
croactitmetl

Figure 2 ropiesgonts s eestormtion of thedminage as 1 probabily
existed whon fhe Tersipry cvele was well advanced, T presanit
oty rie G the Tonneseon dver Boeeprasntiod by beoloen lines gl
i presont peliel by dotte] eontiinrs, A mther large trilintary,
M AF, joined the Sirquictolife whors that fvet now joliis the Ten-

_r_ﬁ.l. . _|_._L : L
i 3. —Nbetih Mg af e Thmnoasee Glwege, shomimg e jervaent {ovrrer af

M T i mmw Bt ”I-rll'ﬂ!ll'lll INveldtese £Verlensnd penied Lha Jrevaluifde _[rrlul..u-umnn! enf M
[hrwrmszgye vanpwefinnaly greeeseftug thsevstipird Tieersinm of the Apypmrfnciioe fivee.

i, T8 Bod imivovrsons bisavches o thie et hond joe upnligst
the divido along thie nxis O 1% Flowing inta the Chneh-Appo-
lieehinn river on the east. the prineipal siroam was L L with the
Iemnechaos B 0L B nnd K olss. T ditier azninst the divide O
At the points g and' b stresoes wore ontting Danokwarnd toward
the sme part of the divide from opposite directions wl s the
preveess cuntinted the howyy sandstons expping the plateau was
rettsoved wnd ddoegs cols [ormsd o the limwstone. Under stich
conditions the divides miay lave beto eut very Tow af thesy points
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without appreeiable shifting.  Thot the ool ot o wes redoosd
wearly to e preseot altitode by eresion durdng the Tertiary
eyele appones from o eom parison of the amount of entting which
has sinco taken place in the most favored localithes along the
rivers atid in the least Bivorsd Toeabities on the divides,  In
the former ‘the post-Tortlary erosion” has been froms 150 Lo
Y feet, sind 10D et semn= i liberal estinnte of the orosion in
tlie samio potiod upon the divides; but 100 fuet added o the
prosent altitode of the col at o sould etill lmve the divide io
woft shale o limistons..  Sinoe the divide at b 8 the one throaich
which the contending stronms Roslly foroad o passage, it = oot
nrepsona il W suppose that it offored  some advantage wihinih
e ddivide ot o did not possess,  This was doubtless its alvitinde,
which was in all probability considerably less than that of the
givide at o, At the =ame time the divides o atud b, between the
strestine 7, H oamd K, had boon almilaely eeclued, although the
stresms bedung o s single desinnge basing  On the above hy-
pathiesis it pppuears that the eonditions were quite fvomble for
diversion of drainnee, sined the heavy conslombrate hind been
romovid ol alote from the main divide at 5, bot nlso fom’ s
series of connecting chinels osompied by the stroams f, M
wnil KL

A enrefnl stady of the Tertiney peceplur i this region shows
it Lo b higheron the eustern than on the western side of Walden
platesi,  In the vicinity of Chattanoogn its altitude i= noarly
00 Tt while in Sequatehie valles it is somewhat les than S0
ot s benee thene nppears o be g diffeence of nb least 100 fiaed
in the altitude of thise two nighboring peneplains Gemed due-
e Lhie mane period of buseloveling. A corresponding difforonog
itt the altitude of the Lafivolto grvels wits notid above. Tl
prrabialile explonntion of this diffecence in altitude 18 found i
A fuet that the-Soguutolite siver had during the Tertinry eyelo
n more diroet outli W0 the s than the Appalachian rivor, and
nls was Howinge on satter nned more homoseneons rocks; huoey
ita valley was more porfectly haselovelad, and indesd it seems
prabithle that under the egooptioinlly favorable conditions there
provailing the Sypuataliio: river ay have rodaced s grmlir::_ﬂ.
southywened from the Tenmessos ling almost Looeeen. . I the X ppa-
lachinn rives an the oppesite side of Walden platesi wese 100
lert Liigehier Cthan the Sequutdhie it would have o deseeat of 100
Pk in about 400 miles, of ol of & dnches pof inile  Consider-
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ig the natoee of e pook= over which b wies Howime, this: pabe
wonthd ssem it consistent with the formation of on extensive
peneplaan,

This difference in altitode of the dringe onopposite swides
of Walden platesn gave the strenin: Mowine westward a very
decided advantiyre over those lowing eastwand. S0 loong us thre
upift continued on. the line 0 F this dvanbage was ant safhi
elint to prash the divide eastwnnd Bovand that line  Baoliiee tha
cliada of Lhi Tertinrey baselivollng, however, this aplift probinlily
cotstil and the westwan] stroiims thon Tegan o eareer of oonduest
wlhidh resultedd in changlng the doute of the ontite diloage of
caelirn Tonmessoe.

Tha prooess hy which this eonpeest was accom plished @& peok-
phly somewhat as follows: The amivantaze which the westward
drminage possesand by enson of its more rapld  descent ennbliod
(e strenm N lo pusls the divide from & to o, capturing a portion
of D dheainnge arda of the smetward Nowing slecaon &, The
pontist wns thes temnsforned to the divides eaml e The luegge
volume af water couning feon the plateat northward apparently
dotérmined the location of inost nipid outting at <, for while fhe
divide ¢ was pushod Dok only o sbort distoues Looits precsort
position ab . the stream o O wiks revorsoil and the odwators of
H diverted westwanl, £ and b thos heoonming the aokively con-
testedd dividos  As in thea provioos oase, catfing was wmost eapid
b Ay wodd whitle the divide ¢ was poshed back fo its present posi-
tiom at g, the brandh A § was reversod and the headwatorsof K
diverlad W the wasfward demage.  How far this process had
gone bafure the end of fhe Tortiney buseleveling it 18 imgosilile
o ey, bt it wos probably well under wuy,  The warping whish
necomnpmnied the Lafayetto depression gave tho westwanl stroams
o still further ndvaniaee, mind sarly in thot depreession the dividie
i WS '[}IJ.I-!]HHI chstwnrrd. reversing the How, fiest, of the stesm K
sl thon £ o the junction of the latter with the Clineh-A ppn-
lachian river, Although the Intter was o compremtively Inrge
river, the ndyantages possessod by the westward stpeam wore
siffiolent to ovorbodanees the ndyantese of s, and the Clinoh-
Appalachian viver was eaptared ond led off westward through
the newly cut gonge,  The eapture of the western fork of the
Appalachinn river was probubly followied shortly after by that
of the ensteen fork,  This -was necomplished by o trbatarey of
the former working backward from Kingston to Lowdon,  Thies
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tho dewinnee of the Appalachion valley assumod praotically tho
form which it has today. |

An indfiopted In the above disoussion ol dminago pdjustmaont,
thie presont wreiters have reached the conclusion (list a0 ex-
tremely imporlant fetor do the process s the slow and gentle
warping of the sarfes which has soecmpanivld every apelrogetiie
mivetnoil of wliloh theee &= niy el W Liliove this letor
i anly Tess fportdit than the groat strivetioml fobtures of o
riweion, amd in sorme enses, of which the Tatinessee 1= a hotilile
oxample, the stroctore of the negrion hins plaved o seoomdary
prrt in determining the dmipage conrses,  This gontle warping
of the surface hos hitherto been recognized only o o-gonen)
way and fow attompts hove been mndo o lomte axes: conse-
fuently Bl manner in whioh it intuences deinaee has nol yoet
b disensssl,  The writors have in |rhr|1q:t1":.t.l_l:l-:l'| A it in
whicl an attempt will be fnde 0 formnlale the laws of (s
witlon wml W show much wore fully than the Timits of the
pregont, poper will permit to whot extont [t hos doborimined the
votrses of the Appalichian stronms.

I —FHEXENT CICOLE

Nerthieard diversion nf the Tenweer Rieer.—The Lafayette de-
pression, with its nocdmpanying doposition of conrse-sadiments
nhioint thie bordire of the provined, oosupied the closing opooki of
the Tortiney evele. The bext, which may properly T termed
the Prosent oyele; wis inauguratsl, Tlike the two preceding, by
uplift,smd the nplift was pecompamiod by wireping of the surfee,
The southern portion oft the provigos was filted northward, prob-
ahly eomewhat bevond the Memphis-Charleston axis. The
riverd whose lower cottrwes Bl been pondersd slugginh or even
submenged  byothe  pestiding depression were stitaalited th
reswwedd activity s began o rapid teenehing of the Iately de-
posited Lafavotte furmation,  Tho ool area was extomded eon-
didernbly bovond Jts proésent loits, and Lhe rivers: throtghont
thele lowor conrses ot pr poroes, foriine untehes in the
present fubmerged continental shell  The upliit along the
sottthiorn border of the provines wasso rapid that only the larger
steeams or thoso favoenbly Tosmted wpon soff rooks wore ablo to
keep their ehanmels dowo poar baselovel.  The Alabamn river,
although only the-shrunken representative of the onne powerfnl
Appadachinn river, had ite Jower course loetod an soft Tertiney

Vi=—ar s, May, von, V1, ey
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Henvestonea, annicds ol elays, <0 that it was able to Keep phce
with this uplift gl retain its southward eourse uonchanged e
thy Gull, The Missisippd, by roasin of s groter volumd, wos
nlsiy nbile to keip bent badolevel, nud os the Tutd rose cut o doup
gorrre thromygly the Lafivette and woll into or theotph the ander-
Iving Tertiney wndd (Cretpooous formations,

The westward Howing strenm which had diverted the Appn-
lnehinn dminmzo ocoupicd in its jower ooarse about the position
of Black viver, and it probably continued in this conree o dhort
timie aftor the poat- Lafivvotte elovation began—domg enongh, ad
lemst, to it through the I1-Ir-lﬂl|l:" of Litfnsette gmvel divwn to the
Girandd anlf, which s the most inlanted of ol the 1[1ﬂ.ﬁﬁ|||1|r
embayment fopmatione.  While the lower couse of this river
wis thus held in chewle by the elovation of the indarmited hds,
northward flowing streans wore groatly stimulated by the t1lt-
img uf thesurfiwe in that dircetion. Small stroams Bowing north-
wan] tothe Obioalong the strile of the easily erodible Croto-
eonnd hds therofore had o doubile advantage over those Howing
westward orsoothwestward, and by entting backward wora able
toeaptiire and divert the Tonnessee river o o northwand commse

After a etnparatively short petiod of clevation the provinoe
wis again depresssl, though nit 3o mueh as daring the Lafuy-
bty epnth, and this depression wias in tur followed by elovation
to the prsentaltittinle,  The reeoe] of these oscillntions is found
ahiefly in the deposits amd eeosion luems of the rogion border-
ing the Appalachinn provioes, and henee = sonewhat bovond
thie seope of 1his paper.  The time wis Loo short for permatent
records ko bk inseribod on tho lnadsurfee intho intarior.  Minor
stream adjustimonts donbiless oovurred, and the rivors sank their
channels within the surfce of the Toertiary penoplain, in somo

regions deeply d=secting that surfiee, as alrpadly deseribed in
Part L

EUMMARY OF THE BHAINAGE HRVELOPFMEST AXD LAND 0K L1 A-
TIUNS

It i3 mesn from the foregoing that the present course of the
Tenneszis river i= extremoly eomplex, and thil o Bistory of ils
development i practieally n history of the peovines In postc
Palootalo thme.  Diiferent portions of the rivor eounrse furnish a
ricord of the variouns vicissitules I.rll'nlu__[h which the provinoo
hag possed, or af least oonlisg the secord faund in othor plivdio-
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graphie Gatures.  We liave seen that st of the eastorn teiba-
trries re very oll having oceupied approximately ther present
positions while the westerm portlon of the provipes was still
eovered by the great ialand sus.  From the eostern bighlasds
thuy bronght down the vist Paloogoio seilbmonts and Tmdle the
flotwr of the futuee ooutinedit. As suecessive Delts of o
sHodiments were lifted o form dey land and the sos margn
migrated westward, the strenos oxtomdod thoir lower courses to
the shrinking sen.  Then durng the long period of Appalaclian
fidding aod the longer period of degradation these westwand-
fowineg strontms wore divertol to southwan] oourses il eolleeted
it single great stedamn, the Appalachian river.  In the carly
part of this long evele the swuthern portion of the provinee
stoin] relatively hichor, so that until the elese of the Jurpesie
the mnterinls enrrigd Qo by the Appalachion river ware swopl
w unknown distaness amd deéeply borisid bonoth the Iater
Mesopoie sadiment=.  Early in the Crotaeeous thie Tund wias Gt
satiwird wnd the water adyanced to the presoot inner margin of
the Cretaceons sedimints, A% the olospg of the eyele the Appa-
tnehinn river wandered over o bipond sod pearly featuroless plain.
Thu-second evele bogan with nplift of the land, and braad valleys
were cib by the stroams tontly to their hedwaters.  Then cune
the Iﬂfﬁffllﬂ dupression, ateorpanied by wurping, which guve
wo grend fvantage W the stedgimns Qowing westward along the
nxis A K that the upper Appalachinn deminpge wos edpliured
weid led O bo the Missisdpil einbavimont.  The greal fver wils
schrouly widjosted o s new pomitlon Before the tilting of the
surfiey nenin changed it northwaed W its prosent conrss tnto the
Ohic,  Thuos the lower poartion of the Tonnessen river dates from
the present eyele.  The portion in northern Adabaonn gl weross
Walden ||1ut.-m:|.L| Wil= i_u_'tnulliq,_ul at the oloso of _’[.hi‘: Tertiary E:j’!.'rfl‘:;
that in the Appalachion valloy was ndjosted doring the Hing
Urdtnoeons evelo s and, Aually, the tribatiris lowing from the
presint Smoky monndsins huvi inherited their conmes from the
early Paleogoin continent.

I conclpsion, 4 graphic ropredmtation of this history will
i given, in arder to bring togother the conolusions eohtalnel i
the proceding portions of this papet.  The oscillations of the
surface have beon so varable, accommpaniod by such diverse
warping, that the velations of the surfuce of the whole region to
sealevel mmnnot be ropresented dipgraratically 5 but i 0 single
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poimt oin the atirfeee be taken ite relations to sealovel may be
s rupirmental. A point on the present site of Chattanoog s
biseny aelected ps fudely ropresontative anid whieee the varions alti-
biarlis emn b well determinil, These rolations nee sepreseited in
theo dingernnn fevre 1, prge 89, The vertical Hines divide the spaee
ito five timo divisions,  These divisions areonly approsinidtely
proportionnl to the thine, e sl divisioins betoge mel too! e
and the enrlier divisions wo small.  Takine the hodgontal line
ot the bise of  the dingrwm as sealovel, the full Yo roprosonts
the altitade of the muin strenm chnnels aod tho dotted lines
their altitndes at former periods pnrket by the romonnts of
biselovel peneplains Wil oxisting. The opper dotted Hne £ i
the dingram indivutes the position of the ariglnal land surfice
with rofervnes to sealevel.  Tts distanes above the presont land
strfnce at the risht of the dingmun correspands with the thick-
noss of etentn romoved by erosion from the paint taken, which
t4 o an ankiclinal old and boves pon rockes low in the sofies,
Thu thickness of the rocks eroded = only roprisontid approxi-
mintely, sinee the orignal thicknes of the Carboniforous is not
kuown.  The line K roprosents the altitude of the land -sorefie
slowly approsching sealovel by degrdation duyring. the Jonge
eyile of Cntaceons baseleveling. It = searcoly probable tht
the Ll restitoed stationary during this long peniod.  There
were doubtlews mibnor osclllations, byt these hive 1oft oo reond
upon the sarfuee nnd heooe cannot be repretontsd. At the tluse
of the Cretaceous evels enme the olevation of the sarfue shown
by Lha rFiza in the line K ab the biegrinaiinge of the seconmd fime
divigion. With the elovation. the line K conses o rofipesdant the
stronm lovel which s jwlicated by the henvy line 2 diverging
from K ot fipst rapidly ond then stowly, the peieplain bing
develnpod during the Tertiary aycle  Sines this ovels was ot
=44 Lh“_i._,* HE the ‘|:'I1."I'_'I'.'|'1ﬁl'l|.; mid  tha h.ll.rl-l.'li."\'-lﬂiﬂ# ok =0 '-"J'tllllli-'tl-‘.
thee How 0 does not approneh s near saalovel us the line K.
rariing the thivd periol. which was one of dopression, thi Hnes
K and T nunain panillel, since ltde, i any, erosion was takine
placed at Chattarooss at that time. With the elovation it tha
aiid of the Lafivette dopirosslon the line 7' b censes to rip-.
resont the stronm lovel whieh i fiulicated Ly the Hine P, anid this
iverges ontinnally fo the pressnt excapt daring the Calipmbia
depression.  Thus the varions Yo at the #shiv of the dingrmim
indicate the position of various plaing of arsion with rofuretices
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to onehy othor amd io present sealovel, bot pot to seadevel in past
time.  The lowest line, P, the present Hood plain of the Ten-
nessoe river, 12 030 ford sbove sealovel 5 the secol, 1) the Ter-
thary peneplain, & 2500 fisel wlve the prsent viver; the thind,
K, the Cretpecous peneplain, i about L10 feel above the Ter-
tiary ; anl, lnst, the original land surfade is pbout 50000 g0 6000
feed aliove the Crelocoors Dhoselevel

Parr TH—Senmtesvany o,

The vanotion in chametsr of sodimoents deposited oo tie
=onthern horder of the Appalachian provines duting Cretaceons
and later tinge bas been brietty refoered to, ad also the enrmeln-
tion Itweon kimwd of sedinient sod attitade of lamld, The con-
elusions renchied by othey Hines of evidence are so fully barne
out by o eondideration of the sediments that the suliject morits
o suewhat folley tréatment. The clrncter of sedimoentury
pocks i usidlly rognaded a8 indieative of the depth of water in
whioh thoy woere formied, aoed while this is in o messure trie, a
mare important. eloment is probably: the chometer ol attitude
af tho adineent land from which the sediments were derived,

High land is subjected to active degeadation. especinlly if it
haa been recenitly elovated and is coverod by & beavy mantle of
peaitlual msterinl,  [is dtreanis have mapid fll and wre suppliod
with ao abiwpdant lond of conrse meohaniond sediment which
they earry in great volume tothe sen. Unider swah comdditions of
mpiidl eresion the doposits formed oo grovels, spnds and elnyvs,
gwonerally highly colored from the aauiplete oxidation of the re
siclunl mantle Tefare transportntion.  Solution s ut the saoe thi
poing o, but the volume of muaterind removed by that monns i«
smpd]l i o paermon with the soechanieal seliment, and the pro-
pirtion of enlenreons mnttor = courrespondingly =mandl 1o the de-
posits formeed.  As the evele adsaness the sradionts of the streams
dleeremne, atd with it their corrying eapacity. Henee the pre-
purtion of matter in solution s inerensed by the diminution i
thee alsolite amount of weehanfeal sediment and the deposits
become correspondingly more anleareote. I the finad stages of
Bixselevollng, chatnieanl awents are more active than mechaniéal ;
tho sluggish stronies aro abde to Ermnspiort only the finest st i
suspension wod thoe resultine deposit 38 o wore or less pore
fmestone.  The chameter of the sediments demvied, from the



124 Lheyes and !':llilllj'.llru'ﬂ—,.lplmlﬁjr.l';.fq'i.u-I‘J'rurmu*.uh{ﬁ"q.rﬂll,

southorn Appalnchian region during the Tong peciol of degimda-
tion which it hns suffered ought to show pruditions from dronin-
counts o eplonreons, corresponding with the stage of develope
ment of the evele in which depesition opoarred. conrse sands
und olhys wheta surface suljectod to n long period of suluwerial
clovay and rock disintorration was olovated =ooas to stimulate
stream transporation, and calewrenns dhiles and Biestones
whoen the surfac hod been so fir reduced to basalevel that only
e sedimebt in suspension or matter beld o soluthon was
vartiod by the streamis.  Sines the geomorphiy of the fnterior
proves thie existénce of govorl of thest eveles of continuntal
doveltpment, one should vxpoct to {od cveles of sedimentition
corresponding in geologio age and desres of complotoness.

The recond of sedimentation in the Golf region from the Tus
enlousn (probably Inte Jumnssic or early Crotacsons) W the olose
of the Viekdburg or White linmestone (late Eocene) i fairly con-
finuous and complete,  Armoging the formations Steryvoniing
Between tlise Himits in their proper order and asslping o cach
wospace, wot in proportion tooits thickness, but to the prol-
nble o occupisd by s fornation, the eueve shown th flgure
B 8 dorived. In which the hortzontal ool tes FuprEsiL
rielative Hme, and the wertical coondimates relotive conrdensss
or fineness of the seliments, Thos the corve expiresses Tnme
dintely the vuration in charaster of the sediments carried 1o
tlie sea by the southern Appaluchinn rivers during Crotacious
wivd Tertinry tite and, by inferonee, the altitado of te el over
whiich the rivers NDowessd.  The ehamuter and amount of materinl
carrivd off by thess abresms during the long pordod of degrada-
tiony precesding the Cretnecous ean only be inferred fome the
kuiwn charmetor anid pmeint of rocks renoved, for-the sl
mivits were enrcbod Goo By uhilonown distanee sewned gl | eon-
cvilind Bavoovorlap beneath the sulssquent’ forfmutions, The
aciesEible revord bepims with the Tasenloosa, o thick dopriit of
st ool elays mnrking eapid erosion nml great oareying powee
of the steeams, and beoee n considerable altitude of e bl
surfiee,  Through the Eutaw and into the Rotton lmestone the
seflitnents show w deetisss in conmsetioss anid an inorease in cal-
carons nutier, wod the eurve approaches the harizontal axis,
continuing approximately purmllel with it througlout nearly the
whole of the Rotten limestone,  This marks o long period dur-
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ing which the tmusporting power of the stroams waes gradually
diminishing asd the surfwe spprosching beselovel of o von-
stuntly docronaing rate.  This great mass of ealeareons sedimoent,
port of which isa mochanieal deposit, poinits to ervsion of ex-
tinsive Hmestone srems which wost have besn in the Lppe-
Inehinn valley ;s henee the chataoter of the formation supports
the eonclugion rosch] from ather evidence, that the dradnane
of that reon was soulhward during the whole of the Cre-
thevoms exvele  Passing the Hotbon Himoestode, the oarve ledves
the Tworigonta]l axds, and o the Liswitic roaches its faebliest
distanee therofrom, mavking o period of Jogh loml or steep slipes
and rapidly ootling stvmms. From this poing it mpidly des
sognvd= throneh the Buhrestone gl Cladbérne 1o the Vicksborg
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lireslone, showing o mphl decredss in earrying power of the
strvmme aid s poar approanch (o baselovel in the vallive

It 5 thies sein thid during the e covered by the sedinentary
record i southern Alnboamn thore wers two perivils in which
the lund stoeod lilgh ' and the strmums were rapidly desrading the
surfned, il that these alternated ‘with two periods a0 which
thie Lbvud weass Towe sippreoxiomumtaedy b bessoloviel, s the stroiins
erried Jittle selineent, but wers dozruking the surhoe by solo-
tion,  Flenes two basclevel pepnoplains soparated by o considem-
ble nplift wre o be sooght inthe region froon which the sedi-
mants were dofiviel,  The two dlroaly desortbod Mlfill all the
thesiretical vonditions, sl the ourmelation of these peneplain,
(rosn other considarntions, with Ceebacenus aul Teetlary thime is
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greatly strenuthensl  On the Atlantic slop the dontn are not so
complete. Aot gl 0F the =eliments were devivisd direotly
from the grandtie rocks of the gaslmont prlain, sod honge H]uwr
less dliffervantintion in chameter than the rocks of the Gull const.
Ho Tar as konown therfe is nothiog iu the ohiemeter Gf the Atlantie
et pln.in acdlimonts whioh will confliot with the ooncelusiuns
piven above, but exuel corrvlations ennnob at pessont be inide.
Thus the snme history of tho provines which wos read in the
forme of the wnd surfwe and in the loeation of the stregms =
nlso found reenrdel o the soliments deriver] from its erosion,
The thron Hies of investigation ontlined at the heginming of this
pesper sre forn o lead to harmonions rosults and aach to =up-
plemend the others,  While muaoy detadls remadn o e worked
attf, the main fetures of post-Faloseoic history of the gontlieen
Appalachinns n= glven above Seom firly woll detennined,

Usiven Stalis Heousioar, Sopvey,
Weshvaagton, 1), (2
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