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1. 

Research. and pr$ptU~ation or the papeJ' ~l~$under the 

direction or ProfesaorOharles 1fl.0arlston. Professors 

Reusl a. Frost and Frederiel{ Foreman have eri tical1-;; 'read 

t,h~ manuscript and tils\1f¥it,t' gra:tetul11 aekno't'11edges 

their helpful suggestiQns, 'rhe 1t;rri t,er is also indebted 

toPrQ;£$$sor Robert Vlegasr l fomerly Qf the Oberlin College 

Mathematics D$partll\$nt, rot: aid in the f:$atiet1cal .analysis, 

Pl'ofeesorArtnur ~h strahler, otthe Department of Geology. 

(}olumbia Un iVf!r si ty. materially faoilitated tnfareseal"eh by 

his very helpfUl. St,g{~eations dtlX'iniaoon£el?ane~ vli.th the 

1I'n"it~r~ 



in tll$' ~Qrl.y' Spl,,;tng of 19;0" tn.e w1t$1" began a detailed 

study-ot ,the dr~i!;inag~ pSi. ttemao;t t~ tolded Al?palaeh1an 

mountains 'in Pe~$yl vani.a a.nd Virginia. The et\.tdYtl-lt\S und$l'''I'< 

~rut$nin ()rd~r to, j.'j,ndif the natuX'$ o! the folds (an:btclinal 

Qr aynclinaJ.) ~ou.ld b~detendned by the drl1inage patt.ams . 

" D:ur:tngthi s study, thft~lt'5j~er hoti~~d sGv$l"'al dJ"ainag$ 

baain$ wherein. th~l~ng!tudinal $uba~qu~nt. str~am :riOt-ted 

~ked11 ¢los$r 'toone of the flanking ~1d.g$a than to the 

t.rther. It ,~e notioed tha~ the ridge nea~$r tht stream ~tQS 

lO\1$r tha,n the OpPt.l f1S1teridge. tfhis phenomenon \faS well 

develoPQd, in ~ti.eii1'iQl '1/all.ays,i~tu."'bh~r 1.nV'$stigat:i.on 

Shot-zed that, in \!taoh anticlin~. the hi@;h~r lr'ld(i10'>{tlS unde.X" ... 

lain by rooks (U.pp1nf~ more gently t'ha.nthl!)tH~ U1'1cle;t'ly:ttt~ the: 

lo'ttler ri'lg~ .. 

The '\t;;rrit(Jr haa undet'tak.n a statistical study Q£a. 

nu.tnb~r ot ~;raiMg~ bas-ins itJ,Pennsylvania and V:1.rglnisto 

d$te~ine the anS'lrI$!rS to th$ tollo'Vlingqu9stlon$;: 

1. Is. this ~$~~tt"'i~al looatiQnot $treams act~lally :re~, 

lat$d to thedUl·e:r$llCe in ~idge helt~ht$? 'In 6the:r 

t.;o:t"cl.s. dO$$ stat.if3ti·eal study b$ar out vist\al inspee.tion? 

2. I s the t:'~lationship scmet1mesn'bsent' It sa_ 't'li'lat causes 

itsab Benae' 



3, DQI1ii$ ino~ea$ingdi£,fel"encein ridga he 19ht~ CaUi'il$a 

o~t'responding inQteas$ in tl.$ymmetr1 of -p¢S:'i:bio!l ()t th, 

l(ingittldinal streamf 'chat: ie, is thelongit.udinal str<eam 

deflected prog~e$siV'e.1'1 eloser to the l<1wer rid~e '!..'i(:l;th 

1nCretH::1ing dittet'enc$ in b~.1ghtso£ th~ l"idges flanking 

th~ atre~' 

4. If :tn II; ther~ is e~ e'ot'relatiQn:~ then eanthe ditf~t'$ti;~~ 

in el~vation b$ tJ,.S$d. to predict the de'gr~e ota.symttletry 

of the PQsitio1'!Q£ th~str$¢lm ;.\11 thevallsy" and. ,(!On. 
" 

"'tersely,. ean th~ de~$~Qt asynnnetl'"Y be uaed. t(1) pred.ict, 

thed1.ff~r$11C$ bErtvle$n ridge hei.g;htt3? Thi$ pOj.nt viaS 

tho\~ht to haya aposeible practical bearing on th~ 11)~ 

terpretat.1onof aerialphotQgraphs. 

D~tsC~ipt.:ton ofA~(ia$ StuClied, 

M~oQt·al'bi<t~l. }p:qflt~~ • .., 1'h.& eh.oi0. of areas fo~ stu.,dy ~$ 
, - . . . ' - . - " - ~ ~. 

gClltl"6rn .. d by the lOQation o.f tl.'t$Qa 'tl1ithl.f1 thEa folded Appala.,., 

ehian ~t~\t.Utain$ of V:i.rgin18.andPelllnsylvani~ cOV6t'ed both by 

ree~nt. aeo'twatt .. topogt"aphid mnps and by larg~ soalW)g.ologie 

T.he ~~tudy l~n the p$nl1syl'ila;niaar~a (Fig " 1) 't>1Q$dana on 

th~ Mercersburg" MeConnellsbwg .~ and St..tho~nas quadranglezs 

·of thll:1 U. .s f , A'J?I!ry Me. p S~r\fie~ i.' 8e~ies 'V 8.31, wi tll con:t.Q~ 

il:tt~l\",al ZO £~'t .lon the scale 1/25,OOOfl; frhes~ maps t~$r$ 

prepared bY photogrfllmuetri~ methods and meet l~tional map 

a~eur~.cy standards. A.Gco:rding to th~$e stantia:rds,. 9~ of tll$ 



w&l:t:"""t~t~L~ledpia:n!:m.ettl.e r~atu1;~S ate plo,tt~d. in eOFR$.ct 

positio$'\ Ol'l the ptJ,b).;tsh$tl nltlP \'11 thin a 't.ol.61"'ai1cs t,;r 1/50 

of an :Luchj, and 9(P~ of th$ $l$v~tions :l.nt"t'p()lated £!i."'Olt~ the 

dotttours a2;~$ oorl"set tfith!n a toleranc(\'.l of <)n~.be.lf Oot'lt.our 

intllrVt$.l,~ 

Th~ l'$ullsylvan1.a. t\ll'\\\a :ts ~he.ra¢.t'riz~d hy long, $'braight 

streams Y~h:ich tlQ'ii'i in a. north.ast"",sOuthltl.,st di .. ri;iaction pa.:ral .. 

lel :bo tb(f1 ridg€ll e:rtsrt;,$1n the 1all;eys of sjrnal.i"tl~$ ~lid 

b~caeh$d ~ntieline:7:h S\\<!h str~~l'l$ fU~fJ $UQa~q\i~~nt in origin f 

halving d0VlStlQped ilheir QotWSi!!lS on thll) l~eaker OtdQ"f'!e1an tUId 

Silur:Lan sb.alf:s_ Tributary to t11$ long1.tudlnal$Ubaequ~nts 

~t'e mn<lb $hOl"tel' strta,mal'lilieh fl~'4' a('.rvm ~rrom thai'lallking 

171dgee. 

11 va dt'a1nage basins "'lti"(;t studi$d int.h$ Penns:y"'l vania 

$X'ea.. the vall~Ys ott titt.l' Oove (h'~$kt. ih"'oaa Rtm~i \'1il$Qn 

Run ( South Branch in fJ!eOaaslln Val1~Y)f tll~ head"ro:to;t>s of 

CGnodo,$uinebCX'$~kJ and the South Branch ot Lj. ttle Augl:n,d.ek 
. - '. 

C~e~k~ The fii;"kst tht'e' drain into the' Potomae :Eli Wl". 

tlttl<i GOV$Cr.,H \I":ta OoveOreek. ill1d Broad Run and Wilson 

Rt1.h ",-ia QonQQ.,c'heague(h."eak .COll0doguin.et Cr~$k is a tribu­

tary of '\~he 3uaquehanna Riv$r.. th$ South Branch (,)ttlttte 

A:u.gb'itti.ek O~"e$k £lotJ's via Great AUgh,l'1iekC:reek to t.,h,$ Suequ.~-

Th~ Vi l"'g1:ni til Qi"f$a (fig.; '1) '~1as studied OIl th~ !4on.t;$rey 

quadrangleot~ th~ U.S.G.S •• Qn the saal$: 1/62 .• ;00, 1Nith a 

¢(HltQtl.lr :tnte:rval of! IIrO feet.. The wr1t~r ¢h$e1-:~d this m~pin 

-1 



~h;l, t,itld t"'Qr a peX"iodot 'b'\f!Q. ~\1'tu~ke i.nth~ a~~r at 1950 

and . found it V~~1 aeow:'at& tY1 thitl th$ l1mit$ or th~ 4-0 ..... 1;1001;) 

con.tOtl,l? int$r'V~land tb~ aoal.~ of tbe ~P·;jfi III QHljr to ntak$ 

$r~o~-'$ intro4tl;~~d ft"om tb~maps t,h~ $am~ to'Jtl the tlvto $,l:"~a$ 

5tudied 1 it would have b(ft~n de$b~able to. pe~tonn th~ stud)'" 

en. 11l:aptJ of th~~t~$eals j , Q\1t tht;t ~nlY'aecu;~"I·~tetGtrogr~lplttc 

!'naps ;av~l.lab;l" to1.'" th$·~W;Q· ~aas 41.4; not mett ·t;hi8~~qu.1re~ 

m~nt ;f The data. tak~nt;t~m thQ Pt:Jl'lns;rlv;;mla at'l;)e.,. with its 

~1!ap5 ;dt a lat'g\~,. geflle~nd sr.'la.1.l.~~1 eontottv inb~l"V~lt \'I)'t11d 

b$moli"$4Jfje~ate t.hrul'c.be data t~ltm tromth~ Vir'girtitl ar~a .~ 

'rbestw~a'1iEJ :tn ,tbe- Vlr"g1nia a:rea .Qt'$ qtt1t~$tttd.lm" :1.1'1 , 
, 

pattfJ:~n t.1!) those il:lt;h~ Penn$ylva:n~l.a ar~a;: lQh&;f straif',nt 

eu.bseq,u(Jnttl floi41ing paftallel to the ~i~af$~ nnd t~d. by' 

t~tr~afltS :t1isingQll ti'le ·l~idge,.e*"ests and j'o:tni~lg tb. main 

stil<>$amB at a.na;les of ~pp~O'~lltat.~ly '90· ~tbl?~~s. 

ij.lhr$iil d1i?ainag~basil1s 'ifil$J;"j stuQ1ied; in th~ Vi~:ln:laQli"~af 

'heb",,:t'~~~ in. all thr~.' bQa!tl~ ·a~~ 1;.t>lbutaviee of th$ J:anaes 
.. 

Ri velf". Tb~basins al'Qt. lJflQl-t Ol-"'sak V~,l~Y at i tt,~l h~ad and 

~<lont~t~lf £.Ul(lt H1ghtotl-m Va,ll"ys \~l~l"'(1! thoy ~ed1~a1nad by th~ 

h~$dt\f:atGP8Qf . tho JaakSO!l tl;};1{-et" .• 

Th~Qrea studi$' insol~tliu~M Pe~'tn$";flvania bas a h'lmid . . 
¢o·ntin(1nttU . ¢lima.te~· At Chanlbe~~s'i)tn"~ ;Pennsrl ~j,a~ It.?:! !n;tl~s 

east, of the ~Eil!·a stu,d10d, 'the a~rag~t()tQl EtL'1nua.l :rainfall 

it1 )9t09inch~Hl. Th$g;t.at~st J)1"iQcill1.'tat!io:n~ ).95:tnC:h0s. 

fallfJ in the nwu'th of, J~~~ Th~ 1~~:u1~ p:r~¢ipita;~i¢n, 2.64 

in~he$~ OOC1.U"S!.b thk.l m,onth, or' F~bru·$.~Yt Th$ e.V~~af!;e Slnnual 



Figure I. Location Map 

~-P;;nna . . -- . 

I 
Sea Ie 7000000 

Legend 
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B • A i'e a studied in Virginia 

B.R." Blue Ridge 

C. P." Coastal Plain 

c. V." Great Valley 
R. p. ~ ReadiJ19 PY0J19 
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temperature l"o~ Chambel"fsburg is 52.2 degre$SF" Th$annual. 

av<:n:'nge :rarle.$$ in ten'lp()l"o.t,ut'$ is fr()m 29~a degrees in Jal'll.uary 

to "4 •. ~ degre$$ i.n July. ' The ~~cetation :tn the area con~ 

('.>ist~ pr4>dominantl:; of chestllut., ch~stnl.lt .. oak 1 and Y011o'V-l 

pepl£ll? 11"1 the v&ll~y 'bo"ttoms, and i.:rf b:lt"c11a beech. m&Ple~ tlnd 

hemloel~' on the r:tdge tops II ''fheo vi r'gin f~ca~*st of thetlt'$$. 

Grig:tn~lly s4tte:nd~d aerO$;$ the vulley botto~s 1: but thG ' vulleys 

oro IlO1ii Qultivatep.~ 

, (rho aroa sttlo.ied in n~rthtJ1estern Vil~ginia has a htutlid 

contine°l'ltal cl1.tnato. At l~!Otrt-e~~;,.j Virginia. Wblch is loca:'G~d 

in one of ' t.h~ dj;"aimlge 'ba$ins studied ~ . the a:l1e~age to·tal ,, ' 

yearlr 1~o.infal1 is '-rl,t1) inches. 'rh¢ great;.es't total lnont-hl1 

p!'~cip;;'tationl5 •. 02 . ineh$$, occurs in Aut!Ust" and the least 

t~tal monthly prEZJ¢.ip1tation, 2.39 inehe$j. in r.iovember, The 

a:'/,,)rag$ annual X'ang~ of t~mperC!.tu:res ":$ £t'om a minimum or 
;~t!, ; de .~r00:l in tcla.,."1U~l?1 tAl a ma:d.~lum of 66" 8 degl"$$s in July; 

It, Call bQ 3~eil f rom tbese data that' the clim$,t~3 Qf the t\'1Q ' 

a.);"~o.s st,udiod; it! Pennsyl vD.Uia. i,1nd. · 111rg:L.~ie. are· vVl17"i mu,eh 

al1ke ~ 'Fhi.s similarity in ej.ittlciJ.tG is l~£le¢ted in a sitYl'" 

ilar-ity it~ '(fGgetation. '1.'h~ ~"idee clt'fJsttl in theV:t.t'ginia area 

&Jre cQvei:'0d by ' for~;2ta (Jol1$ieting preuontln£lntly of 'birch " 

b~\lCh. maple, ella hetla.ock~ tr~le forsat i'ormc:rly extended 

ad~oo~ the v~llGY, t1'nero it 'Via :;; mad's \.lP pl"sd<.>minan'tly of 

chostnut, ehostnut, .... oak ;, and yello~1 popla!~. 'rha V'alleyn are 

nO'lj'T a';"ll tt \i'!l't~d . 



~Ol?~ ~di GE!9mOl"Rh~lo~ .... ~· The area studied. in Penneyl vania 

iaco''V'~:red. by i;,he UtS .G~,S . ~~el'?eersbut-g.aOha.nlber$bllrg P'ol.io ,'bi 

G. tl,. Dtcse(1909) iF Acoording ·to Stose i the geolo."ie Dec-cion 

The fOl~~tions describ~din Table l have been compressed 

in,t ,o folds tr(;;lrldin,;~ about .t,tot""t.1i.wnorth~a$tll A. typi cal C!~()S$· ... 

section 8110\,1:1n;{ the nat,ure o;f f oldi ng ot the Tuscarora sand"!" 

,.;ill b~ noted that, the axial pl,fA:ftOS of t hese folds 'cUp to the 

ea:;rt , ui t h the dips of the ti'tstern. limbs of th~ antiallnEw a!}.d 

the eeldtc,:rn lilnbs of the $ynelitltl!S htntinft, st~:$p(n" dips tllatl 

t he :eaDtern lj:mbs of t.he anticlines and the: west,SX'l1 limbs of . 

the: synicline.s . Overth:t'Ust or rever$!i;}r~ult=Lng is present but 

its eft"ect on tho :r:ldgenlat{~:rs is 0.£ minor importance ill th~ 

'rh~ rid~~es in the pennsylvania ar@aarf:~ !"'ental'kably even"" 

cl"$sted and ~ssel'rtially hQ:ri~ontal" rilley erG 0.100 r011lurL:e.bly 

cOl'll\!ordant inalevation from l"iQg~.ct",est to ridge-Ol"6S'hjf 

'rhe avcrag~ J.~ange in @le~at.ioll oJ: ridge crests bt~t 'T~{Jn 'I.«lter 

gaps ill 'the Pennsyl·,;ania ara$ is only about 200 te$t. although 

'th$ ejtt~"em~ dil"£erGnee. is 960 ~et.'t t The oOt\(}.oraarrt and even 

cr.e0ts of the ridges pre..servQ the level of the Schooley cyole 
, 

of pl1\lnaplanation of. eat'ly Oenozoic Age. The ~';lartinsbu1"g 

ohal$ pres01"'V9S the level or 'the later., less complete Cyole 

of p~neplana:t:l.on , the Harl"isbt1r(~ cycle, On the still lowet' 



~e.;. 

Table 1 

SUllltnary of the Ro,c;It s E:ttPOS0d in the M~rOe:t'ebtJ,rg Ohamb\9:rsb~g Quad . 
) (After atosa) - - ~~ - ,;.o"--<YharaGn~r -- ,'- · -"~'''tick~ · ·~---n'sual" -, . '~T ............ 

Ag~ FOX'1'nation of U&Sl3 PhY31oe,raphiC 
.. '. . r~e.ro.$ . . ...... .101:1:::$ . . inf~$t. Eltnrese;i<>:t! 

",. """""15 ' on ---!?in'0l~lral1irntrte(i l:ime~st<?na· ""' 750"''"- Vaft~y1}ottoms an 

Silur'ian 

ayuga 
f'Ol"IDat ion and $h8,1$ in uPPO!' partir 10" .. r9r tl'1Cmntain 

shal$with hard white slopes 
sandstone in lo't~l"" part II -

trough l:"@d. 8anclsto¥'!8 at 
b se 

ei'int61-i" " F\isSi're$'hii!~l 1t11t.h"1n:1."sslV'Q" "·;t$i5"" . 'Steep "sfopes and '. 
shal~ and thLf1 .. badd~d, eandstol'le '£ooth1:1la ,of high 

in uppet" portiQn t ' and 
l.~hit~ qi..1wtzit.a nt top. 
30rt calcl(),re'ous oondstone 

'mol;mtni ns 

M ' . . ... ...;oo .. . in~ ,lo,'~r,! p..m.~~trn ~~, .. * ... ~~ . • . • _ ... .. ' " 
U30o.rora J.1IIassive, ,grantl aI',. 'ttfhit.e . . ~iO 'Cresto of nioun .. 
~JandstonG qu~tz sandstofla . ...ta:tns·( chief 

"., .Ii; 

. .. .. . l"idr;en;.a}t($t' l 
....... 1 ' , ' .- f 1 ~r. -" r -' ) ..... ~'.~I(.lj*,~ ..... _(. "] . jjf 0IIIII!!0JI~~~~1V~~·'~~''''!oF!' ?,. "'l _' ...... ~~~.,,~~~tt ....... ' w , :'- ~. f ~ ...... 

OrdoVician 

JUniata o. Sot't reti f3and::Jt,one and 400.. ':3t,(i)ep upper slopes 
fOrIDatj.cm ;:.1121e t'"lith Dome hard quartz 4500£ mountains 

. . . . sundstor.Ml~ cnd cOi l.'lotrH1~ro,t4) , . 
ilti'f€'ii"18:;*- ' .. SOfft 'gi-$,rr ar, ~o 6:$;.0 s&n(t.~" ""'~--··2000· -1!;'levatBi'1 i ,eVil' " .... 
burg stone at top. Blaekto plat(u!.u. deeply 
shale dark gray, fissile 'to cu t- by stEUltp", 

crtunbly ::'iha1~ sided l"nvines ~" 
lO'vller mountain 

Clhanibers-;·· .. • ' .. ,.lirn~li(ttdde~ugfidii"k' , ,.~ , '·' .. 'Ioa=.... ,8·~·~~*~ .. " -:- ,-.. . .. 
bu.rg limestone ' , 750 s lopes of shale 
1'- ' G""+ . e ~i ~~ S , :lftlo ..... ~ . S V. ",. 'i, · " . . ": ... . '. oW . I ,", ' 15'- ,'. f' . ":", ... ~.;I.,e_. ,e" "r ' . .c. " I 
Stones Rl.Y011" ~ery puro fJ.ne grained~7';~· Gerrtly ro ~ll.ng 
l:L"l1~stone li.ma5ton~'td.th 5OillE> 1050 lot11and 

dolomite lay~rs. time 
atone at: t.op and bottom" 
Oher'ty t gray, cOa.):'se . 

rainQdtim$st;(}1"lf:l 'tn middl~ 
ljeel{iii'i-lritoihi"Thlck'.Ee(id$trt':~'therJoptw::rn;~'-""-2JOO " · ~"t<nn;rrt)_y·"roir;·" 
limestone lime stone t int$t~bsdded l.ng lJlains and 

't)lith dolomite and. cherty charteoval~ed. 

", 'f I!J;;"#II • .I." ,1.1 ... 'b·e·~l~... .: '$"~*1. ~'$I~",' 4" f . ~ • . "' I'II"'· -:. ~~' . ,.. 1 """'~ ... I. t·*.;,~g~·~- ~ . ," _ r ' -.- t 1 r 

. .. 
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sur.faces or t.he l.imestone is t'ound 'the' level of the Somer";'" 

v1.11~ eycl~ o.f e3;"os:ton which last ed long enoufl;h to l"educ • 
. J ,I 

the lin't$,Ejt0l'10S to ~. sUTfae.~ of .lOl'l :reli$t~, 

'the as'ea Htud.ied · in Vire;~nin has boen dener:tbed by 

5e.",.01"a1 authQrs.j t~elson H. Darton OJ!99 1 published a 

t·~ ,." !1 c ' """"'1' .. .. . ·t'h.l.i\ '!:;,,, ..... ""t "" .... ~.. . ""d"'~M.('l'l· ~ . . th"" .... '1< ... "" v . ;") . _",·,') .• ,~"., '!(l on ,. ... Jii.h.,f,JI'; ;...,:t.,'wY' qUQ .r;s...~$ on "~G ~ ... ea.t~ 

1/1;~5 ,OOO,. ,Frnnk J# t'Jrizht (1925) del3Cl'ibed the physioi?;t?s,phy 

of the upper Ja11l~$ Iii wr Basin. Oharles Butts published a. 

geolo ;~;iG. map of the Appalachian Vall!fiY in Virginia (1930) 

and (t do [:;eriptiion of the stratigraph:v" of: th0 aame ar$a (191trO). 

The geologie, see'tion (lithe t"Oe1:s ,C'tPoseG in ths draln-

,;.-.:-. b'· ..... "" "" ...tw~·ld· ""..!Ii ..... 11'>,. . ·di ·· "" +0 Oh.tt 'IX 1n t " . d ~QaO:'J,~;;;:I;;)~, l.<;'.>U,f; ~e(').l,"'. n~~r.IVo J()y;sr;:o;nc" '.I.Jaron~ un as 

eh~cked in the field by the ~tr1te~ t i o sho\1Jn iP. Table 2. 

The f'orma:t,ions sI<e~ehed in Figll~a 2 have b&en eompl'~ssed 

into .folds tl"6Jnd:tng) l~ke the folds in Penns--j'l V3;1'11&, about 

:nol .. t.h ..... northe&$t~ :f!~71t;;Ur~2B' 8h!j~lS ~the natur. of the :folding 

of t,he ClinCh snndstone 1.n the Virginia area. 'the oV$rturu$d 

01" asymr.tl$tt':te .fold:lng hus cauGed th~ ridgemakers in tho area 

t·o ha'\f0 d:Lps steeper on the 1'1&stsrn limbs of anticl:'!.ne;s than 

on the e&.::te!"fl limbo a.ndsteeper on the ~afJtarn limbs of 

syncl1.neD the.n on the\f$i3tom limbs. No fat!lt.ing is knot\I!l 

in the ttra:lnage basins ~tudied . 

I11 Virg;il11.e th $ prin¢i p8.1 t'1dgema1{or . ' .. 8 the Silur=lan 

Clinch s~ncl8t,ol1e; 'Nhich is tho SSUlG form.t1tj,on 0.8 the T\l,'3CarOra 

of Ponnoyl'1o.1'1i(.;' •• The r idges h&ld up by the 01bwh in \til'. 



.... 11. 

Tabl$ 2 

SUlmiary of the Roeks Exposed 1.1'1 the Area of tho l~onte1"ey Quadra.n~le 
, ' t ," bn', >· _- .. tTl .~, . ~ ..., 

~"fniok~ '0 . 'trstlai'''''·';o,,,,, , ........ 
AE?;e 

Devonian 

~. • 

Silurian 

Ordovician 

ness Physiograph:to: 
it 1'1 ,t ..... &'t E""""' .... & <0" c;·40'" ~ ,'_. , ' . :.- . __ ,-;~.~~."...,.- ,, ' . . _~ " , " , ~ . _ ..L'~v .'. _ . . *_ -- ~J''RJ~',f,. · ~~-'P-+ ........ ~;' . .... ' j 

''Ii''~' . ... " • n .. ,~~~" Je . • "I!".o~'q, _~"".':",L . .. ,. '~~ ' . ~te~'P nloun'ta1rt 

.omn.e-y 
shale 

. --

lf100 $I'tf)~~ 
·~?Jdbi." .. " t;iountain'sidr;e*s­
,,800 

eya 

-:;($; ! & . L;'~i . fi noh'd" to ··' ,...-
2'00' . 8f1!}:ntle slop$S 

. .7"',{'n'"b1}b"y"m1nor .~"-
1000 ridge sand 

.., ,-: ~ 1 ';t ", 11 . _1I*<tW .'t!"?¥ . . 1_ .; . :Ii " -tie - #.t-Ij 

'ste.~p mountain. 
eloDes 

-,~ . ; ............. J. _. ' - I ~·~.';""""" ·_ · . _II!' ~Q . W . ....-

Tonoloway 
1:tm~8tone 

OIllfton 
tonnation atone 

. beds 

1!U!<1c~ora ~; 
auar.tzitfil 

Red sanastOl1$ (Ca.oapon ) 
. _ e.t base . .•. _' ' .. ' , . 

~~ __ ,_ 9 *!![Iiao _ !t$. , _ ~-...,.._----'-~_,~~~ __ ~r-"_' - 'C'~,.:~. -., ~ .. . .., ... -c-~-.. "r 

. ___ , _. :A~ , n 

Gray and lllh:;t1JS 
gu.art!!l1.t~ .. 

( _ ; __ '- - li . '. OJ f . • J \7 . 

. Int4rbedded bl~Otmish 
aat1dst,QJ1~Jlnd ,:r~d 
r8;ysnaIe ~li tli:~so · 

burg shal~ l~Hll"l{:lstone 19.1$ top . 
- r .... ... · "N·' · .. ..... ,. 9.fL~~<a-t!1 ,.9.~.9J?.il~om l~"' ." 
B. a(Jk · J. V$%t 
Group . 
(LOi.1ville 
limeeton$) 

Stones Ri iTer 
Group 
tt$noilf 
i-io she im 
limestonea) 

B$(&KrdantolV'n 

Li/:7';ht to da.~k., oherty J 

siliceous ~ to . PUt'6 . 
limestones end dolomites 

~oo 

' -90(r 

200 

Steep mountain 
slop$$ 

"~1-~· . ... . .. .. ~. 
OOlt y t\pper 

mou:n1:iain ~31opes 

, -" "ya.; .. · Roeky'mouniarn~ 

l~Q -! ...$~mlttli 1: s ,_ow ,,, lO , 

St$$P uppar 
ulot'Ulve.;i.nslout'ls 
Low~rmounta1.n 
slopes 

--~40d''''''Vatr$ys ,,,rin~' ~ J 

undulat.ing 
slopes 

dolQIl1i t~~l ", ..... , .... . " , 'e - ~-._. ·, 1 .. h~ ~ - " tlf " ; . ....... . - j.,.b. ' . , :_ t -s'tlc:." "'1 - 1!!I!t " ,i'-"'-' ''-" OJ .. ~ 



ginia do not, n110irJ tho rer.1arr:abl y even crefrt lines Dna nc .... 

cOrdCm(H3! of level from f'idgc cro:Jt'tc ridt30 Cl""Hst 't:ihic h 

1s notc'tbly pl"0DGnt in the Pen11Dylvania nre8... 1.'ho orosts 

SCG.l10 Jod apz~8.!'ance due to ntJ{'ea!YlES 1"lOr 1c:'Lng head'V'7' ... rd 011. 

oppo .:-::1 t e elopes of 1"idC;Glls and locally reducinc; t-l e ' beight 

jacent !'it.i.r~e8 are only generall y accordant. Th$l"a ara t'.10 

p03Dible mtpln ... T1~t::'onG for t;h e co ntraGtj in charact.eX" of rid,:r;e 

CI'$ot:. s betweet~ tho V5.rgi iliaarea and: the Pennnylvr.mia nreat 

FirzJt , the. Vire:lnia area 't1MJ fart,hor ft'OI:l baselevel ·than. the 

P~nnnyl vcmi.o. a.rea dm."in' ~ tho SC~~lOolc1 cycle of GrofJ"lori and , 

thel"'efol"'C, ooy not have been eroded ~GO S'tloh loy} relief aD 

the Pennoyl vD.nin &1"'0"" <> second, the 01il"lCh 8anct2':\tone is con­

sider ably thirmer in the Yirginit3. area than. in t he Penns}l ... 

vonio. araa ( see 'l' nb l o3 1 end 2) . Thus , ~"'.ren if the Vir g1.nio. 

ari3U 1>1e1'e eroded to a. t:ruo pon.oplane in tho Schooley cycle . 

r;();.;)·t ... ~jchoole y er'osion of the thitmer Cline 1 in ·tho Virg i nia 

!'idges \';'ould have lctl"U~l:y dostroyed the trace or the pene ... 

plD.11e on tho l":i.d!:.,G crests . i,'lhatevel'" Yi13,Y bo the cauDe , the 

r<s[ll.lt is a considerably ex-enter 'VG.:rir;tton in. rid~-:;e heieht 

T'\.JO eroGion surfaces at'e eeneral ly x' ecognized in 

firg1.uia . An u pl D.:nd Btl.!'.f ace is no'Ure'9ro~)()nted only by 

remnants 'Of' that Gurfo.ce on i:l £0\1 r:i.dL~H' 9 'l.'hLs surface hr_H3 

b\.?cn correlnted '\.:1i th the Schooley peneplane in PennsYlv[~nia , 



,-r., " 

sU.mm:l.t levels of' the gently rolling hill. s of ~:-.hc G1"o!'.lt 

Vnlley , l}<t.l !;lilos ea.st; of f.:1o:nterey. 

01: broached anticlin06 in aev(;lro.l in:31:.ances i n Pennsylvc.t"li a. •. 

o'Utcrop~ed on the flan~':8 of tho r idge ;; protocted t:le 1"idGe-

tl1ll9. :rJq:t ... t.;3x: J4:19w :r::,o,cl-• .c . !a.l£.l{J~!l:t: tl)e" mpU11:tni~h .t:hi? P~!90or: 

,~t~e ,~in .. ~f,1.e, .};q,'t: l'(n,~ "~~ the steope s t dip (90°) mClkos 

the s taepGst mountain . ·' (lA92 $ p , 676) 

Ii'rank: J . ~'Jrieht (1925 , p ., 1:..9) in a de 8crtpt1on oi' anti ... 

cl:1.ps J are lOi;J(\lI' thL1n th,e eastern limb s 'vlhich ho.\1'e gentl~ 

'Hider outcrop of the l"' idgemaT-er on the litnb ~'lith tho lou~r 



are f o' lOd by the, junction of t'V'10 fir £:1t order str·eam::::, Third 

ol'-'der stream;) arc for!'!lsd by t.he junc'l.~~to!l of tVI0 second at'der 

tion trlth a stream of lo1.ier ot'der ~ 'ro distinp;uish the pal'-'ent 

stre£l,.'ji f rom [l. trl;,}'u,tary stream upDtreru!1 fl'om a junction , 

Horton deflnod the str eal'O. COUr' k'30 above th~ junction t l"ondine 

more nearly in t he di rect i on of' tho strG8.m e OUl" i::10 bolml the 

the juncti on t he de,fi. od the lonl~el" stream ~s th e pari~m.t ... 



A: of' th,at 0""'81.n ~ or 

I~ --A 

of t hat, b ae3:L11. # or 
D ... LI, 
"- (1 ~ ~* ' 

A 

'fhe system aetuO;l ly u se d. to det(;l'mine the order ~ and 

thereby the number of t, .. lB otreara3 , io similar to Hori;on' s " 

junction of first! order otreamc are s econd order ~7;t.re8,r,1s ; 

all streams f'o:rTIGd by t1e juncti on of t,,!O ;3econd order 

tet'l"i1S j n s'cream t'o:r'zood by t he ; junction o.r tT:JO 0 tream.:;> of 

equal r ank is of' an ordal" ~igh(H''' than tho ordel~ of i t 8 tt:O 

x':,.,uI.;:i ng t ribt.to.ry is not char~ged q In t ldc sy ;.:rtem, a t' i ver 

mapped aD on.e strear!l tl1clY be bro! E-)1'l up i n to r:svoral nt:rct.1i1ij , 



no dotritent i :n thi:::; S'l)'ltcy ~ and t ,he 318tam is ecwy to u ::: o ~ 

Dvon on the mm3t ao'curate. maps avnilD.ble , all of '..-:.11e 

in tho CO!ltour linen . 'thereforo , the f'irt:lt cte p :tn t~he in .... 

in on the t r a c i:n[, t,ho posit,ion of thO ;JO otreamn indicated 

only by ct"enulotio"lS in the contoul" lil10s . The o'utline.;;> of 

In order to determ:no the relat:ion ~"hip betuee~.! the rial ... 

o.t:tve hGi~;ht...:: of rid[~C:G and tho pO ;" ition of the streC4":1 on 

vL111ey floor tIera tH.m obtained O) At intervalD of 0 , 2 l~ile 

nIti 'Cud.Go. of tLe val1o~/ floor fmd 

lovel of t.ho r i c1GiJs h"'d no direct bearing, on tho "roblem , 

importun.ce::d.nco a 11 . . ",-, .~ ., 
Gme.. nU!nuer OJ.. 10ec. 01 (lj,ff ere:nc e in 



, " 

1. L'\C)O f eet abotr"6 the valle'! 1'1001" .. The difference bet'l;Jeell the .,; ., 

hei~hts of A and 13 is 300 f$ot t and t,ne .~n.,~.to of' tho heir.ht~3 

of A to the IH;:!.C;ht of' 13 is 6/5 m:, 1 . 20 It On the other hruul» 

if Ii is 600 feet above tho v8.11ey floo!' and B only .3 00 fee t" 

then t.ho d ~! f:.f'erencti,l: io still 300 reet ~ bu·t 'the r atio of the 

1 "1 . "'')0'0 tt10 ·lC:l..r;lts ].C t"~ . ' .• 

tion i n tho st,udy it HeiGht rat i o L;: def .lned e.s the l"$.tio of. 

the hei:,;ht , Hh s of ·the higher rldbo above the valley. floor 

to the height . Ii1 ~ of t he lowox' r i dge above 't,he valley floor ", 

I f the altitude above sea lovel of tho h.ijler 0 ... t.he t ·,JO 

r i dl3EW flan!:cing a 8tl:~Oa.'Tl basin is dOi3i\~nat()d as All ' . the pIt j. ... 

tude of the 1 0 1:101" of the rid:~~es i f} designated a~ Al J and Av 

.~ !" tl~A Illt"'tu(.i .. ",! of" t t··c .. ~"i 1""~- fl' 00'" .... n-"'''' -!-r" '" ... ~ ~_ ~ ......0 _ t.l ' vo._. r;;;,y .' - !I' Vl~~~.! II l Q 

Hh ~ rlClY b\?J defi n.ed as: 

Rh .;r ~l.,",: . !:y .. 
Al .... Av 

( 1) 

rfhe t~n:\i ter found it convenient :tn go.thel"' ing his data to have 

( ~) } 
I" 

or- t he hei;;h t of the higher ridge above the valley .f'loo!~ , 

• 



str€lD.l~l in t.h e vall ey 

":lfH) dete:rm:1.ned in u ma!mel~ very s:lnilar to th.D.t l,t;,:: ed t,C de-

tOl":rnine Rh " A [,:1 yen diffel"onca in tho distance bet·t"faen the 

'~r\~reQm ,").nc1 the hie;her x'i drie ttnd the diatm.ce 'bErti·'7f.Hm tJU3 

in. a na:t'ro't'1 valloy than in C '"lido O11.e . ThtlG ~ :1_ 0. ntl"eanl 

flOiJliu0 in n valley :3 rfliles 1.:ido has its poo:.ttion one .... ci[,h-th 

to onEa ... .fOlJ.!'·th n.ile 1 and. the r atio of the tt'10 d:t sttl.nCe~3 ,\1i11 

b€ t h.irt,Qen t;o eleven ' 01" 1 .18 .. I.f.' :,ha stream :t 8 f' lm'ii!l,g; in 

u val ley only on.~ mile l!tl:1de , hO,'TGV6t>; D. d if) offset one ... 

eighth mile from the cent~r touardG "the 1m:a!' l:~:i.d,::.:e " the 

:ratio 0.1' ·the t .vro d.i~3tD.n.ces 1Jill be f i'Ve to t.hree op l . 67 , 

Tho ratio can be seen to give a b\:)tt, c~r indication of thE.. 

the distanco from the streutl to tho h:l.Gher r idgo to 'the dis-



\ 

------- ------

1)Q5Bibil:i.t.y of subjeoti ~ve choicf) xf: point s !' The !net;hod 0;(' 

'!spa'Cintl als o mal{EH3 the et."'t'ta rep!"odllc:1.bl~ 1I o.s ,tho '\"71" it. ell'''' de .... 



ll'abl~, , 

Itt'ttl. COir$ Creel' 
A $ynelinal vall.$jf tl&ore(\ tii th C:U.ntort $hale sand stu'ldeton$ 

1:!f 'J~ 6tl'" I.H~lf ()~, 'V!l!e~'d 
iV $ ~' * '.'i' ""'4 .~.' iI"f!·' .}9 

. ,East N.al~ of,Val"~1 
'5* 14t6 ' D(1 '~ ).4~ 

Sll '~di$tafi(ae £~()nt hi~lfel" , .ridgtl t(i) Sf:,ream 
, Sa '. dt stance from lower ;\:",'iage t() streanl 

An . ' al.t.itudeof higher ridge 
A1 '''''al.lli"tude Qf' loweti .1"'idge 
A., '. altitude ot vallery bottom 
Rbi .~ . '111 ''''; A'I : 
H1 'Ii~ '1. Av' 

I"'.· . co. ' .N.h.·.·." 
l~ Ii 

n ... ' " '_.',l sh 
POs'" '$1 



'· ,.21 

Table/,&. 

South Branch or ,tittle Aughv-t.i<lk C:reel{ 
A stnolinal "alley floored by Clinton shale and t'lith TtiSCarora 

aandst.one on limbs of syncline . 

Sh Sl Ah Al 
. .,u . _ , " IF. ': lI!' o,I!". ~i • , . C~ , a;: y d.': :.": ! _ 

1920 1360 
1940 1$60 
2020l9iO 
199o 1960 
2040 191~' 
2040 1940 
2.000 ;L900 
1960 1940 
20201980 
2Q20 .. 2000 
2060 2000 
2100 2000 
22.00 2000 
a420 1940 
2440 1960 
~U.20 204:0 
2400 2100 
2360 2100 
2.3k:O 2000 
2300 2060 
;a300 21l}rO 
2)20 21,60 
22.90 2200 

A , · v 

1240 
1:240 
1240 
1260 
12~O 
12£30 
l,3aO 
1320 
1)40 
1360 
1380 
1400 
1400 
1440 
14t.ro 
1520 
lSaO 
1620 
1660 
17eo 
1660 
1960 
214-0 

,West Half'Qf t V¢lll~y 
F~ • 6.06 Dq. 1" 0.97 

,East Halt of,,; "!.lf$Y .. 
F~ It f.J.(l.~ Dd ~l.26 

Its 
i $ t 

jik " JsII 7 . f . 



Table S 

B:t:oad Run 
Anantielinal val19Y in tht ,Juniata tornlatiof! 

St... $,... .. A fA n ·· J't · 1 Av Hh , 
.'. _ t: ",' j'~ iN , .. ,: : -._ . .' ,Ft. -Jij -: . . i' ...... - .t" "' 3. -, .:1 ' . ' 4 • . ; ..... )!!l .:' -: " 

1- .22' 
2. .'7. 
) .22 
4- ,2) 
S .19 
() ./4-) 

A .40 
""'1 *,:J 

9 ,~j,' a 
'10 iJ7 

,. 
"" .... ~ . . :$1; , 1' _~ 1", • !' 

.)7 19-1.,O 1$60 1400- ,~O 

.22 1980 ," 1960 1460 '. ;20 

.3$ 2000 1:960 1480 ;~O 
'!!f6 1960 1940 1500 460 . .:; '. 

-.42 1940 1920 1520 420 
,~21 2020 .1960 1540 4$0 
>.23 2020 1960 15S0 440 
.25 2020 1.91tO ].600 4i20 
.24 2020 1900 1620 400 
~4 2020 19M) 1660 360 . ,.;. . 

l!Jl_uJr .' • • ~'<W ...... . ," di . , " ~"_*":li , .~ '!;(fL~~~. "' pt iII'W'- ,': :r","'. ';!i§ ,· W. 

, t~e st Half of 1Va11 G~t 
F, ,_' 8.16 Dei ~ 1,.12 

"Ea's·t Malt O~lJ Vallti37 
Fa#; 7~:lA Ild'#' 1~60 

Itt. Ii u. 1$ 

460 1..13 O~, S~ 
,00 1.04- 1.6B ,ao 1.53 O.5tl 
4.4,0 1~14 0.61 
400 l ' O~ O·~Jt5 , , ~ 
420 l'li 2,,05 ,eo 1 " . l!~ .. ~ 
31..0 1 ' ')4 l~ , ... '--' .. ' 
2$0 ]. VA 1.58 ' ' •. ,,,"" 
2S0 1;26 1.54 

.. , 
1j.~~~_MJil* hJ'1 ,.,o;oI~' 



Table 6 

. COn,Odogilblet ereel~ (b$adt-71a;ta:rs,) ... . .. 
A SljlnQ11nal 'Vg.ll~$y flt';)or·fd by Oltntonand Cayuga shelt!8 



Tabl.e 7 
NoCaaelin Vall~y 

Aaynclina,l valley on (} linton shales 
.. ' 

I I .i ~ ,. ," , ~ ill 8 '. 
_~ -"h, ~)iIi ,. '. @t ;' ....... - ~""~'· lIIJ;j_, iIIC'Jj;" :f ".1IiI' " ' iIIJ!I 

" - -
~: r 'r~. 

f' 
°11 

. "".. ~ ji ·, . ~~ . p . ~,. 1i.1i !(~ , 

·1 ,/+4 
2 .45 
~ .40 
1.? ,.36 
5 'l ') \1(. i,:.~~.u.' 

6 ,)4-
'1 ~J8 
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9· . 25 

10 .29 
11 ,'16 .,~, 
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.36 
~)6 
;39 
.42 
,'29 
.4-2 
.)4 ,- 9 .2 
.17 
.11 
~),? 

lS~O 16,40 1100 700 ~o 
1240 1690 114<0 '100 ;;0 
1890 1760 1200 640 ;60 
l$~O 1780 12&-{) 780 ;20 
1820 1$60 1)'00 5~O ' 460 
laaO 1800 1)60 460 4.40 
1920 1600 1420 400 ,ao 
17s0 1740 11..,so '300 260 
1880 11~O 1,600 "»$0 '120 .r:.. ' 

16tto 1780 1700 180 80 
I t';f30 -If.iI}O if}'20 60 20 

, tt~1est Half of' ¥1111ax '.' . 
'Ii ~, 22.78 Do. .;0 If .11 

:> "East Half of: 1;;J.l$Y 
11 3 -. 20,,27 nO. .~ ,.64-

Rh 11 's' 
~; :. ;~' ''' • ......... :-' 1tf i ((t :'1'_" '7 

1~30 1.22 
1 , 27 1 '''5 _ t~ t.;.. . 

1 ~llt< l ··O~J . • . . i~ 

1 AO o~,86 ' t ' . 
1.;3.3 It,~:S 
1.0~, 89 ~. 

1.0; 1.;L2. 
l'll! lil? " ?J"A 164 N., ';:) . t. 

2.25 2.l>4 
,) ,,0 0.94· 
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1 
2 , 
4 
5 
6 
7 
S 
9 

10 
11 
12 
13 
lit 

I 15 
16 
17 
l8 
19 
20 
21 
22 
I\'\~ 
"':! 
24· 
25 
26 
27 
2e 

Tablf;} fJ 
"BaoltCt>.Gk Valley 

A homoe11nal vall$Y noo?~d 1.>1i tb. aomn~1 shal$ 

181 .4§ .. ,.,., 
1.88 ~lll 
1 it 91 .4J4. 
l.~; .,' Zt~7'J ,~4; 
'1~72 .44 
1,); _'0 
1.69 .42 
1;6i .47 
1.59 ·*4;3 
1.64- :it 1 .63 
1.00 .65 
1.06 ,s6 
;L.O; ~'4 1.00 .52 
l to6 i~) 
1.,07 .. 60 
;L ,O/,} .6; 
1,12 .,6 

.51 1.1l 
1.12 .,61 
1 .• 09 "<, ." '. 1.12 ~'2 
1.00 ,52 
1.05 ." 1 .07 ,. 53 
J..21 .. r.4 ;> 

41+00 )600 16aO 
4200 ,6ao 14$0 
At 0 ' ·6g{} 2760 1360 
4 0 ';000 :2 1,60 

0 3640 :2 If)~O 
~4h.O )640 2800 1640 
44~o . 0 2800 1630 
44S0 720 2840 16/.0 
4,.60 .3 2,0 lS~O 
4280 , 2~O 1400 
1+.2$0 ,soo 28· 0 1400 
4000 )720 2 lO~O 
3960 3120 0 1010 • 4000 3710 2940 10$0 
4020 ,?'aO 2960 loao 
4020 3720 2900 loaD 
4080 )840 )000 1080 
40lt-O 3760 )000 104>0 
'960 3800 ';040 920 
lSSO ) gOO 3000 $00 
)800 )760 3080 7ao 
'960 3160 3100 760 
4040 3120 l080 960 
4200 384.0 sarlo 1120 
4120 l800 3120 1000 
4020' j~ 3120 900 
40t!o' )S40 3160 9~O 
)920 :;~$O )200 720 

.W!s'ttla1r ot¥a.ll~ , 
Fs ' ",* 23.86 Dd - 5.12 

lE~st Hfll! ofla~~ey , .• ' 
F s '. 2.8.)0 '00:-" *67 

'80 191 ;. 
960 I t !Ufo 
920 1~'4~ 
tJ4Q. 1 "'8" '.. . 

840 2~OO 
$90 ~t~OO 
920 l ·~·S' 
~so 1. ·~s6 
flaG 1'17) 
$00 1.75 
920 1·. 52 
800 ~.J5 
SOQ 1.'0 aoo 1.'3; 
760 1~42 
7'60 1~1,,2 
840 l~a! 
100 1.'7 
760 1i21 
720 1.11 
6$0 1.06 
560 ). .• ,36 
640 1 .;c) 
760 11 4'1'" ~. -., 

680 1~41 
680 1;'2 
610 1 .,2 
6S0 1 .)a 

4;02 
14<.00 
4-.'4 ;'.11 
;;~. 4-
) ·.91 
3;JO 
4~O2 
.3 4tt .... ~. 

:; ~69 
:3 .64-
2.5) 
4-.,4-
l.~ 
l.'~ l,~·9a 
200 . . 
1 ·~7~ 
1..60 
2~00 
0;'·46 
l;~) 
1,,98 
2~1' 
1,92-
1 ,98 
2;02 
2 -'" .3; 
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Table 9 , 
'. liightown Va.lllj1 . . . . 

An a.nt:t~lJ .. nal vall~y tloot"$d w1 til !#Ia,rtin,sbu.rg $h$l~ 

. W~S1} . H~lf' of' , JallGY .. 
FA~' 2l li6,1 1))4- 1,;;" 

. SastHalro£.rall~" ...• -
r~ i •. 24~'2 In ,.6.41 



Table 10 
tl!onter~y VdlJ.~:1 . ' 

ASlfl');olinal valley tloot'$d tnt}i Reld(trberg limestone~ 
6111 skany sandstone. and ROJnn<iY · sfla.l(:) 

,All· Ai Av ' fIh $II Rn 
.tP;; - _ ~ .... n""""''''': • . i ;."f _, # .... · , ·Ib '·" : S . " ",." !""",,, ,,. 

tW~st Half of yal~I!4Y 
Fa • ~1.14 Dd -# 6.eO 

.• Ea,st Ha~£ 01·. yal.l~Y . . 
'$ -. ' 22. ~1 Dd: 6 •. 19 

~ . , , 



rfhe 'r)~,,\"i r'~' o·f' val'Je <'" of It 0"10. R 0 bt;a::tn,ed for oach of .t c."" , " • - , . ~...) ~ ' h ¢;;u. • '8 

tho tir10 areas studied V'i~!'e plotted em t:vlO gr."e.ph:'J , eme for 

(snoitma no linoal~ tt'~nds OJ:): these COCt!'dinat.G::'h HO't.1E'r"v''Err, 1'Ii1an 

lth tfraG plottadon a loga:ri tf'll'l1ic IC)Cale und Its on a 15.near 

'1'herei"'o:!:"c j thG t:';e:n."relation co·sfficientc oer!;/c;reen log Rh and Rs 

w~re found fl"',om stanli'1rd c01"I'$lati:h')u tables follo'llrtng th~ Pl"'O'" 

i t :ts n 
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h'" 3 . ~gure • Regression Lines 



RiJ ~ 2 .31 log Rh,'" 1 . 29; log Rh= 0 .. 92 Rs'" O . OO;~~'<') 

'1'he beal~ing of: the dt:1:I,ja, on th.e questions rair.:;ed at t,he 

beginnine of tho paper my nO~~l be det;eI'tl1ined~ F:Lt"'c. t ~, does 

tr~,ef.itpp08ed relationship betveen difference in r idGe 

heights and position oi~ the stre eJ!l C:d3t'~ 'fhe valuos of the 

correlo:t.ion coefi'ic :lonts obto.inod are by no m(>.anG nom"} l~ O() . 

\;'fhi eh value i1Cttl d 910\;1' a Cl.i:t:'cO:t r(~1'0.tionsh:tp bet1'lGon log Rh 

andRs , nor arc they lm-' Emona.h to shm'l the l"olati onnhi, 

' l1otl-ex.tstent.. One cO.n roy '010n, tihe.t the Q •. d tion of ,,,he " 

s tream i n tho valley is only in pGl"t a ftmetion of the dif.',.. 

diroctly r'esponoiblo :for' the usymn1etry of posit~ion of the 



, 
neanineful correlation coefficients and t"egre~:>sion lines r01'" 

each 

t h'! r..' ""f>o·b· 1 .......... ... ~-~ l.J..,. , . _'E; 'I ,\U . By compat'it'1!1 the 11umber o.r Valu.eD of Its equal 

to m:' l ese thBll 1 . 00 ·to th.e total nu.rnbQ!, of values o.:r R¢'! 
,:.> 

takon fot'" a g1 V(511oa.Gin , v,u can sea 'that ill. only on(~ b\;lsi n . 

t,hat 0.2 Br oad Hun 'in Pennsylvan:lu , is . 'thore a h.igh l)E;l"Cerrt)~ 

ar;eof values 01" Rs lese t..h~.m 01'" oqu.nl to 1 .. 00 ~ -that is , 

'l.more tbe ntreo...ID :t~> close:t''' t o the hie;her :r. idg~. If 'oa com ..... 

shotm by the n,lltos t colnplet,0 1llch: of st.r eams tl"ibtrtary 'co 

13!'oc~d Run . Fi:'l.l"ther dowflDtl"'eatTl, VJhEn 'O the Martinsin rg shale 

h!"'(>·j (' p,....'1'" .... "'mn<:> .... ·l .... ,-r 4 • . ! ,,, (.+. ... ·l .... ~""', .t·1:.'O ,r;" ;C't6 ~~ oP t,'lIo~\ C'l' h'-;- 'Yin ,<.::J.n.·d u....,:\.v ...... .. J ..t.l • .i_ VV;LI~1:,~t_l..J. ... _.li.l;.) ~l ... t."" __ ,) 't.J, v~t~ u. ~ "J_.,. ~ .~...J _ .. 4 X:;t,;..i:. ~"'" vJ....;i.., ... J .... ,I<, V" _ 

. a.~ tA"Q;'_"/~ 
~:l0C0l1d , 'the illCH v:tdual ba.sins as tU1it81~ Areal clr a:i.nage 



length of stre,=:'lTI1S in f'~ Givorl urec:. to that. area, A ,. ~ or 

D~l == it t "ii' 

t o 'thc.t area , A ~' ~ O:t;' 

Ii" =:: Ii!. • 
. S At 

p ¢ 2~ 5} uses ri for th" numbet' or strGam8 in an e:ntirE) basin. 

13,. otud:,ring tho ~'llucs obtained fot' t,he drainac;a dBnoity 

nnd streB.:. frequoncy on oppositG sides of: 0nch lon[d.tudinal 
.' 

~1tream \'J!.J.ich 11 as studied , 110 greG.'t difference D trereobne:rved 

bet,\wen 8'Jch porti0i18 of' each basin .. 'rho valuBs of the areal 

Ge.0,~·t.ho1.i the grea-teet utLfl1ber 0.," values of.' ItC] less than or 

equal t.:,o l' ., C)O ex.i.nt;. in 'the stl"f~~'t"n baGin vlhere ma$o"'vlasting 

morc , in .all of the otiher bacino , strear18 are qu.:lteabundant. 

l 



1'1"(11)'1 7,3) to 17.11" '1'h1$ exclude:;, 'the vt~'luem for t .. ha ,ti3yn ... 

.... 11 n"'l 'f"'~ ~11 "" 'y. ""f' qr.t:~ 'f~l'\. Pr""'n.' ''' l;{ ""r' T , 'H+l' 0 A'ta·tl~l-r{ "".,1~ ,0'1".,,...,. . ..,.,.,. v_ ,. ,;a.~. V ( .... ""~_v." '\.,1"" .. , :t,,, \3 ::;."Yl-A j;.J ". c-.t .v .... ~;J #:\1 ...... vv _ ~ . Yi;.(:,x H~;ty l.o> , . .it. ~g.t"" ". 

vfhere t"ih.e a(,;l:1~let!'y appear's '1:;0 bG the r~suJ;b Q,f (lLt"act~ , 

of 'this v:all~y .a,X'~ stri pped surf2lcf38 Oil t he TU.f3¢tll"Oru It ! n 
, ;··t 

g,en~raJ, ~ , thet,.:L!;~hest v"::tluo8 of' arenl dI"ains.t~e density occur., 

:t:n 'l;.he Virginif;3. rd"'e€t~ 'rh:Lo 111&71 b~ due t o the lfrid$t"sxposures 

ef shal~ in the Vii'g;inia area. . Int"lll of t he busins except,. 

iljg :that of Bl"'oad flun ) ther~ £\1'6 no high percent,?g;es 01' 

~irall;tcs ,of ftslQSS t,harlor equal to 1.OO~, v1h:toh i Ilcii,ont,6$ t.here 

,ij he asym.vnetry is pt'Qditcedby the act i on of at!'e[,:\.Jnsb:r':l.no~l1'1g 



., ... 
'1'h!;n~e f'[LrlB can. be obser'vod f.tc .in&; th(!'~ s t r80.T;1 ~jm!ard e lower 

thi3 

It nitty be ncr ted h.e:re t hnt o,:.tnce thl)) valley of IJr oad 



~---- ---



'!1'ro Z:.ldd:itional questions a r ise at this point fi The 

t.hic~~or in Perm.s~!lvB.n:ta th£LTl ~n Virginia . ti'he ef.:'ec t of the 

o€:c :.:md factor on the pr$servation of peneplo..nt1s has already" 

pendent on tl-;€) prase.l.ce of o'tNams on tl' G 1:1-8.11::8 o;~ the 118.1 ... 

l ey' . '1'110 h:tghc1" 'Ilalt i) 8 of cOl"relat.:ton coeffic ionts might be 

:~n ..:;erpretec [lS ovid.enc 0 thnt an inc:reuse :L'1 the nurnbcl:"' of 

Gtl';0mnf~: prod.ucG~) fJ.;!'eat<z11" obedien.ce to ~)t:ruo tural Gont.l"'ol~:; \l; 

Tn general , th0 "",0.1\10f.-\ cff Hh ; the height rat io . are much 

lcn-;er in tho P(;mnByl '\.f'ania Ul"()a than itl the Virr;i.:nia ru."'Ga . 

PO!ll'lsylvanla aroa" "rJi1i.Ch i ... p~obably dua t~ o l ev81in"'; by 



The physiographic histo;ry of a region thus appears to 

h$;va a (h!~£inite b$~ingoat tnt per£eetl.Qn ·of' d~V$lQpmant of' 

atX'aam 8.synnnetry in that area ..As the ridges ba¢om~ lU\$:r', 

tmd mot'$aoeo:rdant f. the $trnetu;r.al QQutrol deer$lilS$S in st .... , 

tect.iVf;ln&s$. lJ~ring the wall .... develQ~d. School$Y cycle of 

penepla.llation. tha.t occurred in th$ 'P$nnaylvartia area, the 

;ridges W!$lr:alev$ltd and 'tb. .~~$an:ts '~r$ t:r$e ttl. tn&e.hdefl 

without eff~tive int$~:f$;,en6e from s,tru¢t.ural control. 

When th~atl:'eams vJ$r~ ):" • . 3\lv~n~ted. they sta.rted to erode the 

\'l1eaker . If'Ocks that oocupied the p:reaent, valleys. If the 

streanls cut deeplY' ent'>ugh to parmi t theundennining Qr the 

ridgem~1;;fn,"8 and len'lering: of the ll"1dge crest.s. t h'E;! difta~emq. 

In dip of the ;ridgoma.kerlS would ha\l'a again eatise.d a d1t:t"r. 

ence 1n eleva.tionl)etweGll the ridges f.laukin$ Q gi"enbasin. 

As Rn, the height ratio, incX-fl~$ed. it aa'ted. to produce the 

d:ttferenee in gradient that Causes the asym;metry of position 

of th$ 1()~lttl4in~l $tr$,s,ms. T 

In the Virginia area j the o~ig:tnal upland surface has 

be$'n so ttlUOh er()d~4 t.h~t the valu.es of Rh are l'lO'ltt eu:f'ti¢ient 

to ,produCt a li'lal"'k.d aeytttm:0t:tic stteenlpatterrt,f' liilH~reas in 

the Pe~sylvania t!t'ea, th~ ';tidgesare: not yet su.ffieiently 

lo't'~er$d dif1'el'!"$li'1tially to produoe ,Ii ""slue <>£ lh sutt1eient 

to· cause so grt9at a m.~an value ot Rs. The difierence in 

value of the ¢orrola;tio1'l e'Q"ttiQi~nts may be dU$ to that'li! .... 

f'ere11CitS if!; stream l"requ.eneies and d~aina~a densities, Or' 

to the incomplete re$stabliahttlent of ~tt'u.ctural oont rol in 

l 



causing asyul!net1"'y of longitudinal st.r~amsJ or a combination 

of the tvlfO. tl'here appears to b$ no me~<1S o:f d~Q1din.g 'Which 

6;f' t~he tbr~e pO$sibleohoiees is the correct one.iI) In the 

li.;sht of this discussion. the $quati()l1s for the Vil"'ginia 

area T.'(oul.d bet10r0 t'~liab).ethan tht.1<tquations for t,na P$M~ 

syl vania area. However, th$ differences in the equations 

fortht t~ro areas are so gr'at that in 'r;1Qt!:~ingin only one 

a.rea~ mora accurate. l"$su.lts might oeexpected trbm. the ~qUQ"" 

·tion det'i ved tor that f}at'tie.ular area, 

'Thas~¢ondque8ti<m 1s the validityot th.e method used 

in thi s Btudy. The matter 0.£ random ohoice of points has 

alr$~dy be$n disCuss$C1. tthe wlues of the ¢'Or:r~la:tion cO'W 

effieienta tvert del"i "led it-om standard correlation tables, 

\'lith the tabl~ tbr the Vix'ginia at"ea ha~i:ng 13 .t'O\fS and 16 

col'tJ.llU'),$. and. th$ tahlQ to't' th~',$nn$11 vania are:a hav:lng 10 

rO\4$ ancl 21 eolu.ntt'lfh Acoording to l.J1ode (194;) f the' ~:r~or. 

1ntrodu.o~d by gtoupirtg dat~ f(u'~ Oomputati6t). is, less than 

rauX' peroent if the nwnber of eO~l.tmns and th$ number of' rot'JS 

al"'. each gteat~~ than t0i"h Also. fi.1ode (191};) states that any 

co):'~ection$ foverrQ,rs :in ~hestandard d~Yiation trom group~ 
, 

iug d~ta tdth t$\tle)S" than 1000 pairs of' values are not 1i<'Orth 

while. ·Th0 l~'rut~st PQint. of the nlethod is the num.b$:' of 

pair'S of values of Rh and as~ When the number of pairs of 

val.ues is leas that" 100, t~h~ possl'bility of' sampling ,,:rrors 

is bigh enough that th~ values of the correlation ooefficient 

obtained oannot be regarded a.s completely trust't'forthy ~ As 



t,here W$t'e 61 ~irs Of valu¢$ of Rll @dlt$ :i:o'1/ the Vit"ginia 

a;r~a~. and t:!4 for the Pe~~aylvania ar~aJ' the $<\uations !J:1U;S't 

b:$ .. rcegard$d a~~ appi"61t(in'k'tb:V.)nsll . Any rllgrGseion lines mtlst b~ 
;' 

1nt$~pr~t~d a.$ t$p~~$ent;tng th~ air~rag$~ iRli'bl1 ~lU~$ that . ' , . 

dav:tate itQID. that linEh· Thu.s, l.tl int.:tpr'tln~t th$ equations 

der1,,"'llod., one' ~()uld say:Chat. giv~n a. 'va\tl,e of ihor i St ill a 

givenare.tlt. t1n$ oould"\$e. th~proper $qu.atitm. t() t'7tna the 

valu!3 exp$e.t,d, SAl tp~ ~~t'afl~ ~for as or i.lh ·j~e\spoot;i V'ely~ 

1'he nte't'hod. by whl¢h the d.ata 'JI!~t'.et>'btain0d has tht 

gr&at disadvllttlttage of bt.\ing a tedious and -einls ... const,tmin€i 

pt'OQ0 ss.. rrh$. a.pplicabili t yO! t,n ~l1~$ults of t he nseareh 

ist'estt'i(!.ted t4, rta.rrO~l a;reQsatldean b~ exttnd~'d. to o:{;har;. 

a1"1~aQ e;ithet":tdth d,ottbt;. a.s 'to th~ aetJuracy of thel1esult50i 

t he e4tt$tlsi an o~ by arep$t1tion otthie type of st.udtl' to 

~he ~ea to b~ stud1~do 1tWthemQ.t'e. 'they t:i1"~ ~(;;lstlficttd 

to .areas l'there Qtl~ta$t a m()dex-atenu.mbe~ or $:t~e.s ar·~· 

flotl>!ing it. J!o:r areas of l()t<t d:rainage d$n,$it1esand 'stl"'&t'Url 

freqUElnei~e., the; t'$sul,ta h.ave ~$h. d.lonstl!'t'lLt.ed,to be in ... 

valid;, 

$Q·J.ilOl,U3!ON 

The t"$$ultiiJ may 'b~ s'tat~.d briefly ·a t;; fol1owl;'h, (1) The 

ae~!at:r1c dr~U.);1age pattGt"n a1O.$t$ in areas 0.£ mAti'(l,r.ly 

0l"oded fold$d ~ounta.1n$ ~',. tmere the st.reams hav~n{;l't. ye'thad 



l 

at~$artl £Zl$<.1Uency are ' above 3 .. 00 and. 7 .00, r~;3pecti v$l1'. · 

(3) It oceurs only in ~r$a$ \llhete to.'$ $t~uctu,r. is sue'h ' 

that the r1.dg~$ £lanking a val1~jJa.:r~ of suffiei~ntlyu,.tl. 

eq'ual height. that ' '1$ ~t'1her$ lth 'is gr ca'ter th.an 1.10 J t>n 
the {:l'varag'$ . (4) It may be u,c(?d to b1,te:rpret. struottlra: to 

the e~t$nt of d~tem1nin~ relatiV'~ st.$epn~s$ of dJ.p, bu.t 

not direotiOfl()l~ dip in aF0ae me~ting the :r0stri Gtiol'J:$ ~n.u.. 

mer~ted above, 

, 
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