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TERRAGES OF RLLEGHMRNY RIVER, WARREN, PRMNSYRVANIA, TO OLRAN, NEW YORK

Fo 7. Tomdton, 1983
in geology of the Allegany Sehocl of Natursl Mistory, Allegmay Stabe Park,
Now York. Ouly three students registered for work in geology and, s all desired
%0 take advanced work, it wes docided o study $he problem of the Serreces of
Alloghany River and $hoir relstion to the reebrmt mglo in the drift wargin
within which the Park is situsted. The reswlts of thiz study are heveln sot
forth not with sy ideslthat dhey sre fisal, for enly sboub o wook was spent
on tho problua in the field, but 4o help others who mey have the epportwity e
make more detailed Lnvesiigsions. The writor is indebbed to Miss Garvl Y.

Previous Anvestigmbions, Although litdle deailed investigation of the
for s long time. In 1884 Lewis publishod his mepping of $he temminal meraine
in sowkimosiorn New Yorks In his imtroguction to Wright's report om she glasial
boundery in 1890 Ghamberlin divided the terrases into we groups, (a) high ser-
- rases md (b) morsine-hesdod low torrasess In 1894 thé ssme msthor in eollab-
that they might be related to three separste glasial advances. Lovereti's
final roport of 1902 swmarized the somelusions previcously published mnd gave
ma extensive bibliography covering mmeh sarly work in Pamsylvamis, MNe slso
ineluded & detalled map of the glacial boundary in the Olesn quadrangle, New
Torke Jn 1937 Lobeek mapped snd deseribed the $errases in the vieinity of
Allogany Stato Park Wt overlooked most of tho publisedlons esaserning them.
He evidantly rogarded theu ns extdrsly the product of the glasiel advwnso whish
mads the moraine nortlwess of the Park, stading ( pe 125): When the ise esoupied
the position now marked by tho $erminsl moraine great floods of wator poured
%o the sowth pest Stemsdburg and through Allegheny velley, It was af this %ime
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Rmadolphs The old valley bewmme clegged wdih slluvimm mnd drifé as wo now see

i%s A the loo sheot molted back u leke wis formed bebwess the moraise mad the

podat of overflow was just south of Johmmy Wedd hill md 1% wos through this

rotregh of 4he iss, the lake was drainod $0 the west, Tho gep just west of

as great as 1400 or more. This is very muoh higher than the yresent floor

of tho valloy and presumsbly means thet the wabers draining through this gap

sub ony mich of Shis eariier oubwash = = =, A5 loast $here is slesr evidence

that this i mn old oublel ehsancl.® Levereti appears to have also mads resaut

obgerystions in How York stabe but the debeils have nob boen publisbed( 1930).
Sassification of iho borresss. Tue two major growps of Yerrmses recognized

loug age by Guemberlin (1530) are (2) the high level diseontinuous remmits

wp t0 300 fesl mbove the modern stremms snd (b) the mueh less eroded torrases

wp o 40 foot shove the viver. Growp (2) san be subdivided indo s lonst four

containg a falrly nigh proportion of pebbles to sunde The largest stones are

send and may be elasoified ns “opmwork® grevels Assoriment is Zalr 4o good

mnd Ohbmog rosks o $ho morth. In fow plases do Gmmadisn erystallines make

up more than 10 pereent of $he pebbles mud hewlders, The gamo kinds of far
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To a depth whieh ranges frum o fow feub %o 20 fook from the surfase the deposiis
are yellovishwbrom in oclor wad muh or all of the curbenste hee bees rausved
by leoehiugs A cousdderubily park of Sids caboipe hms how releposiied belov
fomdug « pravel sunglamarato. Tus early duwvewbigwbory sirossed the fost thed

Bedadnge The bedddng of the berrmse smsds wd gravals is prodecdummily
devdiiag, e

| DRESCRIPTION OF FNH TRRRAGKS

Garendons Panarivmse Io the Tiemcsta Valloy, southoust of Warran,
( Chmboriin md Loverobby pe 273, Loverett, 1908, p, 228, 229, Bulls, p. 6=,
brief visih to the plase on My 19, 1922 is o pravel pit in old Glevendon just
northoash of the sehoolhousc. lHore about 15 foeh of much wesbhered hrownisie
Apcording 1o the ¥wrre qualrangle the highest pard of tals grexlly erodsd
well rosords given by older studeats of the losalily indisabe $ish tho gravel
lies on » Shicknens of more than 200 fesk of fine goliment, It is eloar Shut
front lemg after the prosant rook bobtom of 3ho walleys had bosa yeashed by the
the junction of the Gamewsngo md Allsghany. (hasberlin { pe 27) gives 1395
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exbends $o s dopth of over 20 foei ag shown in phote Te 17 This sone had bom
regantly aseavabed for vosd surfesing as it sowdains %00 much silt mnd elsy
for sonorebe. The lower fase of tho pit &xyossd eloms sand and Light grey gravel
mush of whieh is semextod by saladwn caromsbe. There iz some opmawork gravel.
Semo of 4he sross bedding dikps north or mmay from Alleghmsy Rver. The $otal
thiskness of the deposit eould ne¢ Do observeds

Busscll, Pomarkvmdse A grevel pit in Remsell, Pamusylvasis, jusi south
of 4ho rond leading wost from the bridge ab an clevmiion sligitly over 1380
(60 foot ubove the Gonevange) siows emarted gruvei of uho swme gaseral type
as thab fownd in the kigh terraces. It is probable dhab this gravel waderiies
the adjasent morsine of Middle Wisconsin (Sary) sge. ( For modorn elassifiesbion
of $he glasial drifts soe Kay mud Leigidon.)

fmpwiile, Now Yoxks High terrase deposiis ooour east of the river on the
and sn mneroid resding msde the highest woll-defined terrase = 1390 or 120
on $0p of the rock terrece half a mile west of Guoville om he moreh road,
The mep slevetion is 1400 or 180 foct sbove the river, it this locality it is
possible thet the stones are of glaeisl rather then fluvic-glasial origin,

JNiotohkiss Hollow. The high terreses st the mouth of Hotehkiss Mollow
aro ane of the best known losslitdes 4n the region. ( Phote T 24))s hes
visited by the weiter gravel pits on both the north and sowth ends of the doposit
mmmmgmmnahﬂum buo Layers, eash less
4hen § inchos $hick, of 1/8%h $0 1 ineh opauwork gravel in park guite well
gordod ( Photo T 6), The oubs did not dlselogs the depbh of westhering en the
flat aross but it is evidart $hat the gravel is disintegrated into a silly cley
t0 & depth of soveral foek, Tho may makes the highest Level mbove 1460 but
mn mnereid reeding besed on nearby baneh marks showsd ouly 1455 or 150 feot
above the river, O the south snd there is & tervese level ub 1390 fest or
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8 foob above the rivere No bed rogk has Deen diseevered beneath the main part
of £ berraoe although the ebrupt bend fn the river strodbly suggeste bhut
$ids rement 4s rock defauded, ( Lobogk, p. 192-198), &
of Quiker R ( Photo %o 62) ic kmown o sll who heve studied the geelogy of
have o olowsdden of 1460 or 155 fook sbovo 4he ivers A narked bemsh on the
sowih ond les sb 1390 or 85 fevh shove ordiuery waber level. Tho suell rerwumt
north of Holbs Beu wes uot visiteds { Lobesly se 393). 4n incouspiclus terrace
osours farbher south eu the same side of the river just novth of WS Grocke
& snercid resding made the top 1450 or 150 fooh above the river, This terrwse
rosta on the ded ruek of u shoop hillside. { lobedky pe 194)

Bina Qregke The terrace in the yalley of Pine Oreck is peculiar in fhat
1t lics back over & half wile from the river ix u tribubaxy valley. The siewoid
R o B e e s

Stigks Ruis Just snst of the mowth of Grisks Rum 15 a berress remsmtt
over o helf a mile long whish, sccording %o the map, ecxesads 1460 feet or 140
foot shovs the rivers There 42 = old gravel pi% on the railresd ( Lebosk,
pe 194, 190) Wt the writer dtd uot visid 14

Siominrg. lobesk ( pe 100) mapped old Mgh ferraces both half amile
southosst of Stemmburg s closg the road vest of the willege near Busker HULL
Sehool. The elevatlon vay rench 1500 feet in ploses. There sre no good exposures
in sibher loesiliy. In Stemburg thore ere twn isvlsted hlls with thelr longer
exos pareliel sad cesb-wost. In $ho southora ous therv is e gravel pit whieh
kes syparerily boogs opm aince Lavia® day ( p. 189), Lobeek ( p. 209-212)
doperides the pdt us grevel overlain ly 4411 seying * 4f 4he sectdon s fresh,
the disturbed wpper layers of gravel give evidence of ioe movemants” The twanbyfive
foot fase wos glom on Jaly 28, 1932, vhen visited by the writor ( Fhoto T 28).
Mo $111 sow'd then bo dlstinguished, The oy povidon of $he deposit is very
boutdery snd is 80 much wosthered that mbretifiemiion has boen destroyed to
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a depth of seweral foob mud 3% 13 pessilile thed this surfislsl sone was
regarded as tills The nabber is, nowswow, uwiperbanh for sush coavss gravel
the horisonbel beds are trussebed by the sidos of the hill m ggosted to the
weiber $hal She two M1ls are erosion raments of n ense-sentinuous oubwash
pladn, I @y 0ase dhey ave distianet fror the mweh lower owtwash apren
of 4he moredne $o the wosks This moreine is spparently of Cawy ages

6 Jouse, Just morth of snd nerces the river frem Hed douse povte
offive is » wueh crvded torrase roment sbovt & wils long, 4n smevedd

Bxeeds B, The tewwase just south of Beseds Rm is wot very mush

Elsdales I the vieluity of Blldalo Sbatglen o ridge 20 4o 40 foek
wigh nearly blosks the walley of Little Vglley Gresk foreing it sgaiuet
the westem side. deveral provious observors gsesm to have regerded this
ridge { Lebesk, p. 143) =9 the termingl moraine of the Wiseonsin drift.
Bask of the highway, ia the grownds of the Selamemsa Gowrkry Glub, the
Yopography is broken sad b p ousual glmsee resmubles thed of & woreines
weiger regards the entire ridge as & gremily eroded terrsce remmd.
The portien west of the railroad has & flzb t0p ob & msp clowstion of 1480
tut the snereid made it ouly 1465, Howover, the eomirol of 4he maeredd
roadings =% tids tdme of the day wes not good snd 1% is far more probyble that
the map clevation is sorrevt. mwm””w:\sms
by Lewis ( po 156) vho plased the drift mergin farther wp the valleye
In West Salsmanes there is o roek~dofendcd borrase ot s mercid elevation
of 1510 or 150 feet sbove the rivers The low terrase of this tridubary
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valley iz pitbed ob Litile Veiley indiewiing bhe presence of stagumt iee
magsos &b the time of deposition, _

Allegmy. ke lang disbmee fron Salausnds te Ruzscll seems to eentain
Lorrescs 0a the sewth side, between Riverside Junebion snd South Vendslis,
Lowevery « shosa qhovel had resenily bom used te exeswabe a deeppdb in e
rosntrant of the vidloy wall whers the Gopogruply gave Lidtle ladie sbion of
grewels Bust of Ruewell s muehweroded grovel torraee remant over a mile
long 45 shown in phate ¥ 54 A pid wes being operated ia the wesbhored
the Guposit is shovs 400 or 80 fest sbove the rivers Asross the viver, ‘
in md oovk of Alleguyy, & large terrece remant asy locally exesed elevation
15°C or 120 feolsbove the rivers Howsver, this was uot ehesked with the
elovations, Nolther remstnt shows mush of the original surfece. Lewis (pe
158) ond Leverott (plabe IV) both regarded these vervases as seeiions of the
oould diseover nofiher kettles nor 4ills A luarge gravel pit ia Allegany
( photos 2. 32, 33) dlspleyed a deeply oxidised zeue 5 4o 15 feob thieck
Gross bedding dipe to the wosts deus leyers eonsist of peorly sorbed epen~
work gravel, Ths writer is couvineed, as was lobosk (p. 103), thab dhose
depoatis sre jerrases mud not bemmimel morslues The writer waswiable o
eonfim any of who Yerreses suggeséoed by Lobeeis in the eastemn part of Olean
finding only roek shelves, When godng cess of Mighway 17, however, ke noted
a deep oul in what sppenred 4o o & high dorraso but did not sesure the logsiion

Smpery of Wik heysageus The high berresos usy be divided iato the
followdng growps: (s) the Clarendon terrase over 300 feshinove the Alleghany
River, (b) tho Varren terrasss b 220 foot doubifully ineluding $ho 180 foob
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rosk terrese et Oaoville, (e} the derreees ot 150 to 150 fuch Losluding
Hotetkiss Hollow high level, Quaker Rue bich level, Wolf R, Plne Groek,
@d Salanenes, (d) & grow of msh croded ferrases whlsh anbrasos the
remat e the sate line, Grieks Rum, Rod fouss, Broods Rum, wud part of
the morih Alsgmiy losslity, $he elevdbiors vardng fram 110 4o 140 feuk,
md (3) & well-defined grovr ob 80 4o 35 fest wideh Inaludos the low levels
ot both Hobeldcdes Mollow emd Qusker Rn, and the southorn Klegany torrases

DESCRIFITON OF 1OV TRRRAGES

Pemmylvagie. Torvases wp to roughly 40 foet ghove tho oxdinary lewel
of MAlegheny River were notod alomg mush 6f the valley in Pamsylveaies
mmmmwumummwmmm
mmmmawm

noyilla, New Yorke About a quarbor of u oils west of the Onoville
monammamm 25 ipoged horizentally bedded
shouy gravel, in pars opemmrk. A few boulders are preswrk. The wesbhered
sone is only a fov fest didek. The $orvasse bobwoen Bone wmul Plevee Ams
is ut alowsbion 1315 or 30 fook sbove tho river, Tuwre 15 & lowes level
nesr the ralirosd dimplayed the followlag sestimis Ths top is b olevatiem
1340 or 35 fosi sbove the river.

Soil mnd ailty sand with ssabterad pebhlos 2 %0 3 foot
mmm*wsmhﬁm.

ke m color mud dn
m M m park
mwmmmuumumwummm

& foeb
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So3d Spaduge Tho Lornlacd moralus gl Shewdtwrg Lssednesied b b
&b the moraing down to whowi 1530 elese bo the river, This fea disturbs
the noralll sxwangemoni of Yhe berreses in the visdndly of Gold Spwing.
A gravel pli on Highwey 350 on bhe bank of Gold Spriag Groek is shown iu
Poid s 6ds The bop four feet is iemwined of ealeiun curbonuies Below
this sone ic sboui two fewi of dark brown exidised gravel whieh Lise with
m ahruph eondast on gray gravel largely eswented into vonglomerwbe, Ou
Bigmmy 17, sbout = wile vast of the Indlen sehool, is = pit in a bervmes
not mush over i0 feob shove dho rivers Whobe Ts 74 shows bhe Tuse o ids
wes observed kevs bub the exposure does wot extend below gho exiuized sune.
Beod Houses The gravel pis belouging 4o the Péwie Pwrk lies seuth of the
apendoned gheuieal pleuts It exposed waem Yisited by e writer 8 40 10
foot oi much reited brovn send asd grawel lying wn eenwmbed grwy giVGie
The elevetion of the top is 1358 or sboub %8 fook shove the iver. Red House
post offisc is on a torrsse 12 fook lower or 16 fouk sbove the river,
Qo hal? slle cest of the post office on Highway 17 is & gravei pic wikeh
is soversd by oue to ene and a half feet of silty gray-yoliow seil. Below
mnmamumﬂli o eangiomerabe was exposod
 when the writer visited the looality.
Valley Greek 40 the pitted oubvash in the village of that nmmes dbove Sal-
memee $he greds of the Allegheny is ruch lower than it is below if ke
old and inagevrate Selmmnce qusdrmngle 15 $0 bo reliod upone
Qlom Gregk, Tho low level valley train of the Alleghey resives saoiher .
tridvtary trein from tho norih in the welley of Olewn Grosks Where examined
grevel with stones up e 8 inehes in diamsber was observed,
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Swary. of lox berveges, So far av the stwles of the weitor indleste
sheve sve two distiast levels of low towrases (o) 20 to 40 Lok wdeve the
river md (h) sbout 15 foet sbove wabor level. d&bove the junchion with
Grssb Valioy Oreek si Salsmumes the lewsr leovel is very extersive snd

IREERPREDATION OF YRRARACHS

rigin. Thet il of Ghe hovebeieve deoeribed terresse wro of glaale-
flawisl origin i» vory elear. They cunsist of glasisl oubwash which waw
deposited by the draicgge frex en 16¢ Srond wikeh wdeol &b or nesr
411 mey be present ot Stesburg there is mo evidenss bhel the deposits
st Rlkdsle md Allagmy wre movelnss. The writer sise failed te sorfim
( po 154055},

Az 08 e homraeee Thek the dow bovvess group ie of the mmscnge w8
4he moraine o4 Steanhur; As cleoers Tuis moreine sppesss Ircm $he mepping of
Lowareht { 1902) Go bo of whet wes firved oulled Jebo iioswmaln bub wilel is
now ¢lansified s Grry agee The highest Qury lilling ves eadod by widers
duping he ressssion of the A¢o mavin %o the novth. This vetresbal drainage
wad dopostbod She comvuer past of 4bu Lowd farbier uerbh wad tims was
abls to evodof the older deposite. lowewer, thers is uo cvidamuce o &
dreiasge oullel st Stesabmrg whieh esrried vaber from beiind the woraine
wé the alivwiol fms from e neredae is amly slightly Vesraceds Vsbers
from Dahtnd $he sovedae heve soon fownd m Ouiled Gows She GONGERAZD.

Ags of Mgl horroesg. Te seems posaible $hub buo nlgh barveses are nol
all of the swme pge. They usy be reksied fo soversl diffevesi glasisl
BHnges oF substegos olier thea Bhe Gapy subabngo of bhe Wlscousin lnvesisn. -
bider students of tho ferruges in Pemsylvenis laid wnch sérees on thodr
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did not support this view. BEven the ldghest mud oldest terrass, «b Clareadon,
Loversst ( 10500 staboss * The glasisl deposits of pre-Tliinolmn age in tuls
valley - = ~ are of elayey sharester, ss 4f luid dowmn in ponded webery W
t0 shouk 1,400 foot in the vielaity of Glareadon, but are gravelly ubove _
that level, = = = = = If is probable that the iee sheot in dhe carly glasisl
The writer is eonvincod thad these deposits must have been leid down vhen
glasial iee blosked the Allegheny velley to the northe The smme mubhor
snd on his map ( published by Astevs) plases the drift slose %o thare as
Jerseym ( probadly equivalent to Kamsm), He alse states: *Ihe terrases of
Ilinedsn gravel are 150 $o 180 feot abowe the Alloghtny river wwee =, A
velloy train seans $o have come in frem the old wpper Allegheay ot Stemuburg,
Now York, that filled tho valley to sun clewvnbion bebwomn 1,460 feet mad
15480 A To » = = =, Tt is probable that the wpper Allegheiy was throw:
ssross the Kingua eol &b 88 early a timo =s the diversion of dginage past
Althom, but pro-Illinelen deposiis have net a8 yoi bomn ideniified in the
part of the presant Allegheny above the Kinsus eol.” The writer sdmiis the
possibiilty $hat the high torrese af Warren may be as old ss Tllinelan
elthough £4 1s dlffieult even after making all pdssiblo llowmes for the
differences in maberisl med subsoil drainage to eemeeive of the relatively
slight alteraiion in the wemthered zone as representing the same time interval
as perdfd the fometion of seversl foet of pubotil farther wost,

then is present =b Werren, in fash Little more than is seen in many plases
in the low terraces. Gomglomerste iz not eonfined to $he kigh terrases

buk is slso well deweloped in the low terrasess The srosion of sush a
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and 4ho grester rimistange of gravel ewmpared with the elsy $ill of sowthem
Tlineis, seaus to the writer 40 be far $0o slight to agree with m Illineim
ages This does not refer 4o the separebion of the several terrass remmiis
but to gulleying by losal preeipitations On the other hand, the msturity of
the welley sides st the Kinsua ool mud in tho posiglagial strems valleys
nosr Steamburg ( photos. T. 19, 29, 30) demomstrates to the writer that the
Greek, and so forth, Long age Ghmsberlin md Leverett ( p. 35) stabed that:
“ihe arlior invasion of the 108 = = = yeversed the dreinage® It is posaidls
that the terrases now semn wre desidely yowsger than $he time of drainsge
diversion md that the derrages of that remwte tine have bes embively
destroyed by erosion. Daba st present mwailable emuse the writer o ineline
te the view that tho three lower growps of kigh terrases st 80=38, 110-140,
and 150-160 feet above the river respeetively, are all of Wiseensin sge
belonging o either or both of the earlier substages, Xowsmn and Tasewell,
Judgnant is reserved on $he age of the 220 foot mnd 320 foob lewels in
Pamsylvanis, Furbher studies of the sedl profiles in sseordmnce with the
systen of Leigihton md MasClintoek 1s needed before final epinioms are
possitle. In this eomnestlon it must be reslized thut shallow exposures
may show ouly the lighter colored parts of the sefl profile and thus give
mn arbirely false impression.

Lake beds of Allegmy Shako Paxk. The fast thab the high owiw ash
torrase deposite ascumdsted so repidly thet the tridubary stremm did not
have $imo to aggrade their beds to meet the new baselevel was thoreughly
diseussed by Jobosk ( p. 99-181). He sistes  pe 107) that 3 *The elay
doposits ( in the lekes thus melosed in the tridutary valleys) are rarely
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are sean to be resting wpon beds of gravel presunmsbly left by the strean as
it bosmao elogged just prior {0 the eneroashment of the lske wpem its valley.”
The test holes for the Red House dmm diselosed frem 4 %o 20 fesh of eley
averlying 33 to 45 feet of nixed gravel md elsy whieh is elesrly fluwial.
Bemounth thde i» ot lemst 13 foet of Mlue laske elay, Judged in the Light of
by Lobesk eseurred a long time sgo. Followlng thet time there was eresion
of tho outwash $0 a Lewel below that of the modern shream. During the intervel
botwoen glasinl advanees the tributary siresms in the Park were sbls to
sggrade their beds with gravel to meot the wemsni of the older oubwash
in the welley of the Alleghasy. The last or Sary advanes then esused o
mieh susller and lower lake with whose deposits it is quite pessibls thad
betwoan the two lakes wes an interglasisl inmterwel or a "subinierv:l® bebween
substages the svidense i net suffisient 4o deside,

The rearkrant sagle in the drifh border. The study of the erratiss in
mmummmu.gmmwum
to the drift has thus far hewedlitile upon tho eauss of the grest Fearbrazt
agle in the drift nargin north of Allegmy Stabe Park. Ihe sewwnly aesopied
explansiion is that this 13 tho coutast of the Rrimm glasial lobe mad the ise
xxxviil) loag ago podsted out this faet. In sush & situstion wo should
expoet to find that there had been shiffs from time to time iu the positien
of the magle, 1% is elear, however, from the fast that the cyraties are
sll the smme iypes of roek thai the Ywo lobes emue from the smuo perd of
Gondidits: It doos not follow thak the owbor margin of the Wisconsin drift is
of the smuo age =h all plases, In sush rugged cowsbyy it is diffleals, 4f not
aprastissdle, to cumpare the sge by study of sedl prefiles for srosion in
nmy plages reoves the wesbhersd meterial ss fast ss it formms, The writer
is dstinetly wider the impression, although the time allowed for field work
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Jid not suffice to obbein tuch evidence, thak the Cary moreine pusses far to
40 norkh of Sulauangs mid comnests with the owber of the 4we meraines in
the Plugor lake district mapped by Fedreldld, In faeh sueh n sorvelmbion
was loug age postulatel by Chamberline If such is the ease the oubermost
Weeonsin drift eust of the Yeembrmnt is alther Jowsn or Tasewsll or both.
The drift mergin esrtinly needs ramcpping in this region.
The work of the writer in mnd near Allegmiy State Park has thus far
(a) the tervases of the Alloghmy vallsy ean bo divided iuto two groups,
fires the low md slightly ercded levels wp o 40 fest mbove the river, and
segand, the high, eroded {ferrace remmbs wp to 330 fech,
(b) $he terrases are sll of glasial outwash arigin.
mw the low terveces dabe from the formaiion of the $erminal morsine
of Sary substage of the Wiseonain glasistion,
{(2) the nigh terraces may be in pert of pre-Wiseonsin age sgw, thed is
the 330 sad 220 foot levels in Pewsylvmsis, bwt the rements in New York
. o not appeur o be older than the Jowmn or Pasewsll substages of the
(o) a1l of tho ldgh berrases wore doposited sfer the valleys had beeu
. evoded to thelr presust reck bettoms,
(£) tho dlversion of the Allogheny river took plase ia pre-ilscousin
tdue, possibly &b tuo time of the formeilon of the oldest mud iighest tarraces,
(g) the dgh-lovel lekos dhub fn the tridutary valleys by the high
oubwash £il1 in {khe Alleghony walley sesurred long befors the deposiilon of
she mureine b Siesburg 50 that the showes of shore foatures 45 to b
expested; thelr doposits are huried wnder a Gonsidorsblo thicknsss of fluwial

(k) mo data was sesured om the suuse of the reesbrant smgle in the
drift marglan or the tine relations of ise advenses on iis two sides,



TERRAGES OF ALLECHENY RIVER, WARREN, PRNNSYLVANIA, TO OLEAN, NEW YORK
| Fs Te Thwaites, 1933

Introductidn. During July end August, 1932, the writer was instruétor
in geology at the Allegany School of Natural History, Allegany State Park,
New York. Only three students registered for work in geology and, as all desired
t0 take advanced work, it was decided to study the problem of the terracés of
Allegheny River and their relation to the reemtrant engle in the drift margin
within which the Park is situated. The resulis of this study are herein set
forth not with any idealthat they are final, for only sboui & week was spent
on the problem in the field, but to help others who may have the opportunity to
meke more detailed investigations. The writer is indebted to Miss CQarol Y.
Meson for aneroid barometer observations.

‘ Previous investigations. Although little detailed investigetion of the
Allegh' terrases has ever been published their general nature hes been known
for a long time. In 1884 Lewis published his mapping of the terminel moraine
in southwestern New Yorke In his introduction to Wright's repori on the glacial
boundary in 1890 Chamberlin divided the terrases into two groups, (a) high ter-
races and (b) moraine-headed low terraces., In 1894 thé same aubhor in collab-
oration with Leverett again described the terraces and recognized the possibility
that they might be related to three separate glacial advances. Leverett's
final report of 1902 summarized the conclusions previously published and gave
an extensive bibliography covering much early work in Pennsylvania. He also
included a detailed mep of the glacial boundary in the Olean quadrengle, New
York. In 1927 Lobeek mapped and.described the terraces in the vieinity of
Allegeny Stete Park but overlooked most of the publicabtions concerning them.

He evidently regerded them as entipely the product of the glacial advence which
made the moraine northwest of the Park, stating ( pe 125); When the ice occupied
the position now marked by the terminel moraine great floods of water ﬁoured

40 the south past Steamburg end through Allegheny valley. It was at this time
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that the Allegheny river developed its new course and abandoned the route past
Randolphs The o0ld valley became clogged with alluviem and drift as we now see
ite As the ice sheet melted back a leke was formed between the moraine aand the
ice front e=nd covered the present site of Remdolphe =~ — = = = The lowest
point of overflow was just south of Johmny Welbt hill and it was through this
gap just wost of Steamburg thet its waters poured out until, with the greater
retregt of the ice, the lake was drained to the west. The gap just west of
Steamburg is flat-floored and with lititle or no terminal moraine hills. In one
or two places - ~ = there are preserved remmants of the oubwash phein at elevations
as great as 1460 or mores This is very much higher than the present floor
of the valley and presumably mesns that the welers draining through this gap
cut away much of this earlier outwash = - =, Al least there is clear evidence
that this is an old outlel chemnel." Leverett appears o heve also made recent
observations in New York state but the details have not been published.( 1930).

Classification of the terraces. The two major groups of ierraces recognized

long ago by Chamberlin (1890) are (a) the high level discontinuous remnants
up o 300 feet above the modern streams and (b) the much less eroded terraces
up t0 40 feet above the river. Group (a) can be subdivided ino ot least four
subgroups divided according to elevation.

laterial. The terraces are underlain by gravel which, for the most part, hes
conteins a fairly high proportion of pebbles to sand. The largest stones are
geveral feet in dismeter. Some relatively thin layers contain little or no
.pand and may be classified as “openwork"™ gravel. Assortment is fair to good
end most of the stones are fairly well rounded. They are mainly hard shale and
siltstone with a calcitic or dolomitic cement and were derived from the Portage.
and Chbaung rocks to the north. In few places do Genadian crystallines make
up more than 10 percent of the pebbles and boulders. The same kinds of far- ‘
travelled rocks occur throughout the distric{ examined including the adjecent

glacial till., TWhere fresh the terrace deposits are light gray in color.
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To a depth which ranges from a few fect to 20 feet from the surface the deposits
are yellowish~brown in color end much or all of the carbonate has been removed
by leachings A considerable part of this carbo%%s has been redeposited below
forming a gravel conglomerate. The early investigabtors stressed the fact that
the high terraces all lie om roek shelves but in New York state this does notb
appear to be true exceph where the deposit is close to the side of the velley.
Bedding. The bedding of the derrace sands and gravels is predominantly
horizentals Cross bedding is confined to relatively thig layers, many of thenm

meinly sand, and, with few exceptions, dips in the direetion of the presemt

~dredinage.

DESCRIPTION OF HIGH TERRACES

Clarendon, Pemnsylvenia. In the Tionesta Valley, southeast of Warren,

Pennsylvania, near the village of Clarendon, glacial stones have long been known
( Ghamberlin end Leverett, p. 273, Levereti, 1902, p. 228, 239, Bubis, p. 6=Ty
Leverett, 1930). The only exposure which the writer could discover in the
brief visit to the place on July 19, 1932 is a gravel pit in old CGlarendon just
northeast of the sehoolhouse. Here about 15 feet of much weathercd brovmish-
gray, well-sorted, well-bedded gravel was exposed. The largest boulders observed
were slightly over a foot in diameter but Bew pbebbles exceced four inches.
According to the Warren quadrangle the highest part of this greatly eroded
terrace excceds 1500 feel elevation or 320 feel above Allegheny River. The
well records given by older students of the locality indicate that the gravel
lies on a thickness of more than 200 feet of fine sediment. It is elear that
the exposed deposit is outwash which was deposited some distance from en ice
front long after the present rock bottom of the valleys had been reached by the
streams.

Wﬁrrén, Pennsylvania, Bubtis mapped several high level terraces near %o
the junction of the Conewangoe and Allegheny., GChamberlin ( p. 27) gives 1395
as the highest level or gbout 220 feet above the river. The writer visited

only one exposure, the pit of the Carlson-Johnson Gravel Companye Here weathering
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extends to a depth of o#er 20 feet as shown in photo T. 17, "This zone had been
recently excavated for road surfacing as it contains too much silt and clay
for concrete. The lower face of the pit exposed clean sand and light gray gravel
mush of which is cemented by calcium carhonate., There is some openwork gravel.
Some of the cross bedding dihps north or gway from Allegheny River. The fotal
thickngsé of the deposit could not be observed.

'Buqsell, Pennsylvenia. A gravel pit in Russell, Pemnsylvenia, just south
¢ of the road leading west from the bridge at an elevation slightly over 1280
(Gb foet Eboyﬁ‘the Gonewéngo) shows cemented gravel of the same general type
as that fouﬁd in.fhe high terraces. It is probable that this gravel underlies
the adjﬁcéﬁf moraine of Middle Wisconsin (Cary) age. ( For modern classification
of the glacial drifts see Kay and Leighton.)

Onoville, New York. High terrace deposits occur east of the river on the
New York-Pennsykvania line. Ab this locelity the writer found no good exposures
gnd an aneroid ;;ading made the highest well-defined terrace abt 1390 or 120
,féet dbove the river. Rounded pebbles mingled with local residium were observed
on top of the rock terrace half a mile west of Onoville on the north road.
The map elevation is 1460 or 180 feet above the rivers AL this locality it is
possible that the stones are of glacial rather than fluvio-glacial origin.
ﬁotchkiss Hollowe The high terraces at the mouth of Hotchkiss Hollow

are one of the best known locelities in the region. ( Photo T. 24f). When
visited by the writer gravel pits on both the north and south ends of the deposit‘
.exposed gravel with boulders up to 3 feet in diameter. Some layers, each less
than 6 inches thickftggﬁg/Sth to 1 inch openwork gravel in part quite well
éorted ( Photo Te 6). The cuts did not diselose the depth of weethering on the
flat arewﬁtnm it is evident that the gravel is disintegrated into a silty clay
fo a depfh of several feet. The map makes the highest level above 1460 but

an aneroid reading bagsed on nearby bench marks showed only 1455 or 150 feet

above the river. Oun the south end there is a terrace level at 1390 feet or
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85 fect above the river. MNo bed rock has been discovered beneath the main pard
of the terrace although the abrupt bend in the river strongly suggeste that
this rement is rock defended. ( Lobeck, p. 192~195).
Queker Run., The high terrace which formy a partial dem aecross the mouth
of Quaker Run (. Photo T. 62) is known to all who have studied the geology of
the Park., There are no good exposures. Aneroid readings show the summit %o

hgfb an elevation oflléﬁo er 155 féet above the river. A marked bench on the
s ; - :

Asoutﬁ'eﬁd lies‘at 13H0 or 85 feet above ordinary waber level. The small remnant
north of Holts Run was not visited. ( Lobeek, pe 193). An inconspiqf?us terrace
; ocdhrs fanthef'south on the same side of the river just north of Wolf Creeck.
An aneroid reéding made the top 1450 or 150 feet above the river, This terrace
resks oh the bed rock of a steep hillside. ( Lobeek, pe 194¢)
Pine Oreek. The terrace in the valley of Pine Oreek is peculiar in that

. it lies back over a half mile from the river in a tributary valle&. The aneroid
recorded the top at 1490, 180 feet above the river. There are no good exposures.

. { Lobeck, p. 197.)
= Cricks Bune Just east of the mouth of Cricks Run is a terrsce remmant

over a half a mile long which, according to the map, exeeeds 1460 feet or 140
lfeet above the river. There is an old gravel pit on the railroad ( Lobeck,
e 194, 198) but the writer did not visit ite

Steamburg. Lobesk ( p. 100) mapped old high terraces both half a mile
southeast of Sﬁeamburg and along the road east of the village near Bunker Hill
; ‘Sohool. The elevation may reach 1500 feet in places. Therc are no good exposures
in either loeelity. In Steamburg there are two isolated hills with their longer
gxes paraliel and east-wesi. In the southern one there is a gravel pit which
;has apparently beein open since Lewis? day ( p. 159). Lobeck ( p. 209-212)
‘ _deseribes the pit as gravel overlain by till saying " if the section is fresh,
the disturbed upper layers of gravel give evidence of ice movement." The twentyliwe
foot face was clean on July 28, 1932, when visited by the writer ( Photo Ts 28). ]
No till could then be dibtinguished, The Hop portion of the deposit is very

bouldery and is so much weathered thet stratificetion hes been destroyed to
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a depth of several foet end it is possible theb this surficial zone was
regardoed as till. The matber is, however, unimportant,for sueh coarse gravel
must eerteinly have been deposited close to the ice front. The faet that
the horizontal beds are truncated by the sides of the hill a ggested to the
griter thet the two hills are crosion remments of a once-eontinuous outwash
plain, In  any case they are distinet from the mueh lower outwash apron
of the moraine %-ef.,_‘ihe west. This moraine is apparently of Cary age.

Red House., Just north of and aeress the river from Red House posi~
office is a mueh eroded terrace remmant about a mile long. 4n aneroid
reading made the top 1455 or roughly 125 feel above the river, Ixposures
were poor when visited,

Breeds Run, The terrace just south of Breeds Run is not very much
eroded. The map makes the top 1420 but an aneroid reading gave 1450 or
110 feet above the river. BEye estimate favors the map, however.

Elkdalee In the vieinity of Elkdale S‘batriion a ridge 20 to 40 feet
h:l:.gh nearly bloeks the velley of Little Valley Creek foreing it against
the western side. Several previous observers seem Go have regarded this
ridge ( Lobeek, pe 123) as the $ermingl moraine of the Wisconsin drift.

East of the highway, in the grounds of the Salamanea Gountry Club, the

topography is broken and abt a casual glanee resembles thabt of g woraine.

Closer inspection failed to demonstrate the presence of kettles and the

writer regardé the entire ridge as a greatly eroded terrace remeant.

The portiﬁn west of the ragilroad has a flat top ab a map elevation of 1430

;out vhe esneroid made it only 1465, However, the eontrol of the emeroid

readings at this time of the day was not good and it is fer more probgble thatb
s ovFwash

the map elevation is eorrect. In this interpre'bat1011Athe writer is _sus‘bained

by Lowis ( p. 156) who placed the drift margin farther up the valley.

Between Elkdale a:ac_j Selamenca there are several obscure terrage remnants.

In West Salamence there is a roek-defended terrace st an aneroid elevabion

of 1510 or 150 fect above the river. The low terrace of this iributary
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valley is pitted ab Little Valley indieabing the presence of shegaent ice
masses &t the time of deposition,

Allegany., The long distance from Salamanca to Russell seens to contaln
only very seanty re%%nts of terracesgebove the level of the main or low
terrage., On the south side, bebtween Riverside Junction eand South Vandalia,
however, & steam shovel had reeently been used to excavaic a deqp@%t in a
reentrent of the valley wall where ths topography gave litile indiq:ation of
gravel. Iast of Russell _a much—eroded gr*wel terrace remnant over a mile
long is showa in photo Te. 34, A pit was being operated in the weathered
zone but was not visited by the writer. According to the map the top of

the deposit is above 1480 or 80 feet above the river. Across the river,

* in end east of Allegany, a large terrace remnant may loecally exceed eclevation

1520 or 120 feetaﬁgve the river. However, this was not cheeked with the

. emeroid and the Salamanca and Olean quadrangles do not show very aecurate

elevations., Neither remmant shows much of the original surface. Lewis (p.

153) and Leverett (plete IV) both regarded these terraces as seotions of the

-terminal moraine, The former reported “shallow depressions" but the writer

could discover neither kelttles nor till. A large gravel pit in Allegany

( photos T. 32, 33) displayed a decply oxidized zone 5 to 15 feet thick
reﬁ?ng upon strongly cemented, fairly well-sorted horizombally bedded gravel.
Cross bedding dips to the weste BSome layers consist of poorly sorted open~
work grevel. The writer is convinced, as was Lobeek (pe 103), that thesé
deposits are terraces end not tormimal moraine. The writer Wagfnable to
confim any of the terraces suggested by Lobeek in the eastern part of Olean
finding only roek shelves. When going cast oliHighway 17y however, he noted

a deep cut in what appeared to be a high terrace but did not secure the loeation

Summary of high ferraces. The high terraces may be divided into the
following groups: (a) the Olarendon terrace over 300 feetdeRve the Allegheny

River, (b) the Warren terraces at 220 fect doubbfully including the 180 foot
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rook terrace at Omoville, (¢) the terraces at 150 to 160 feet inecluding
Hotehkiss Hollow high level, Quaker Run high level, Wolf Run, Pine COreck,
end Salamence, (d) a group of much ercded terraces which ewbraces the
remnent abt the state line, Orieks Run, Red House, Brecds Run, and part of
the north Allegany locality, the elevations waring from 110 to 140 feet,
and (e) a well~defined group at 80 to 85 feet whiech -includes the low levels
at both Hotehkiss Hollow and Quaker Run, end the southern Allegany terrace.
DESCRIPTION OF LOW TERRACES

Pemngylvania, Terraces up to roughly 40 feet gbove the ordinary level
of Allegheny River were noted along much of the valley in Pennsylvania.
A1l gre little eroded and, so far as the few good exposures scen indiecate,
only slightly westhereds No terraces are present in #he gap below Kinzua
- where the river erosses a preglacial divided >
Onoville, New York. About a quarter of a mile west of the Onoville

W

: bridge is a gravel pit at clevetion 1300, It exposed horizontally bedded

stony gravel, in part openwork. A few boulders are present. The weathered
zone is only a few feet thick.e The terraces bebween Bone and Pierce Runs
is at elevaﬁioﬁ 1315 or 30 feet above the river. There is a lower level
ebout half as high above the river,

Quaker Bridge. The gravel pit southwest of Tunessasa Indian Sehool
near the railroad displayed the following seetion. The top is at elevation
1340 or 35 feect above the river.

Soil and siliy sand with seabtered pebbles 2 to 3 feet

Gravel, eoarse, very stony, stones to 6 inches,
oxidized to a brown color 8 feet

Gravel like above bul gray-blue color and in part
cemented by ealeium carbonate 8

Opposite this point the terrace is at elevation 1350 or 40 feet above the *

. river,
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Cold Spring. The terminal moraine at Stecamburg ii?onnected bo the
Allegheny terraces by a greal alluvial f?ff sloping from elewation 1420
at the moraine down to about 1350 close to the river. This fan disbturbs
the normpl arrangenent of the terraces in the vieinity of Oold Spring.
A gravel pit on Highway 280 on the bank of Oold Spring Creek is shown in
photOo Te 61s The top four fest is leaghed of ealcium carbonaite. Below
this zone is about two feet of dork brown oxidized gravel which lies with
an abrupt contact on gray gravel largely cemented into conglomerabes On
Highwey 17, about a mile east of the Indian sehool, is a pit in a terrace
not much over 10 feet above the river, Photo Te T4 shows the face of this

-

pit and demonstrates the relatively shellow weathering., No eonglomerate

was observed here but thé exposure does not extend below the oxidized zone.
Bod Heuees® The gravel pit belensine to #be Bheke Park liss south of $he

abandoned chemical plant. It exposed when visited by the writer 8 to 10

feet of much rotted brovm sand and gravel lying on cemented gray grevel.

The elevation ‘of the top is 1358 or cbout 28 feet above the Eiver, Red House

post office is on & terrace 12 feot lower or 16 feeh above the river.

One half mile dest of the post office on Highwey 17 is g gravel pit which

is covered by one to one and a half feet of silty graymyellow-soil. Below

this is ﬂbouﬁ 8 feet of oxidized browvm gravel. MNo conglomerate was exposed

vhen the writer visited the locality.

. Little Valley. As mentioned above,'the low terraces extend up Little
Valloy Creek to the pitted outwash in the village of that name. Above Sel-
amenca the grade of the Allegheny is much lower then it is below if the
i old and inaccurate Salamanca quadrangle is $o be relied upon.

Olean COreck. The low level wvalley frain of the Allegkeny reé%ves another
Utributary train from the north in the valley of Olean Creek, Where examined
along the state highway several miles northeast of Olean slightly weathered

gravel with stones up %0 8 inches in diemeter was observed.
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Sumuary of low terraces. So far as the studies of the writer indicate
there are two digbtinet levels of low terraces (a) 30 to 40 feet above the
river and (b) aboutiiE feet above water level, A&bove the junciion with
Great Valley Greeﬁ at Salamencae the lower level is very extensive and
seems to grade into the non-glacial filling of Tunyngwani Creek on the south.

DITERPRETATION OF TERRACES

Origin. That all of the heretofore described terraces are of glacio-
fluvial origin is very clear. They consist of glaeial outwash which was
deposited by the drainage from an iee front whieh stood at or near
Steemburg and some distance north of both Balamenea and Olean. Although
till may be present at Steamburg,there is no evidenee that the deposits
at HElkdale and Allegany:are nmoraines. The writer also failed to eonfirm
‘Lewis' mapping pf ﬁ%e terminal moraine in Great Valley north of Salamaneca
( pe 154~155).

Age of low teptgpes. That the low terraee group is of the semtage as

A
the moraine at Steamburg is clear, This moraine eppears from the mepping of

Leverett ( 1902) to be of what was first called Lete Wiseonsin but whieh is
now olassified&gs Cary age. The highest Cary filling was eroded by waters
during the réo;ssion of the ice margin to the north. This retreabal drainage
had deposdted the coarser part of its load farther north and thus was

able to erodef the older deposits. However, there is no evidence of g
dreinage outlef at Steanmburg whieh carried waber from behind the moraine

and the alluviel fan from the moraine is only slightly terraceds Wabers

from behind the moraine here soon found an outlet down the Gonewangos

Age of high terraces. It seems possible that the high terraces are not

all of the same age. They may be related to several different glaeial
stages or substages older than the Cary substage of the Wisconsin invasion.
Older students of the terraces in Pennsylvenia laid much stress on their
conclusion that the highest berraces were deposited before the rock bottoms

of the valleys were eroded to their present depthe The studies of the writer
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did not support this view. BEven the highest and oldest terrace, at CGlarendon,
Ponnsylvania, wes dgposited in the bobton of a very déep rock valley.
Loverett ( 1930 statest ™ The glaéial deposits of pre~Illinoien age in this
yalley = = =~ gro of clayey charscier, as if laid dowm in ponded water, -up
to sbout 1,400 feet in the vieinity of @larendon, but are gravelly above
thet lovele — = =~ = = It is probasble that the ice sheet in the early glaeial
stage reached nearly to Clarendon, for the gravel train heads abruptly there."
The writer is convinced that these deppsits must have been laid down when
glacisl ice blocked the Allegheny valley to the north. The same awbhor
regards the 220 foot terrace &p Warren, Pennsylvania, as of Illinolen age
and on his map ( published by Antevs) places the driit cless bo there as
Jerseyan ( probably equivalent to Kansan). He also states: "The Gerraces of
Tllinoian gravel are 150 to 180 fect abowe the Allegheny river —ww—— =, A
valley train seems to have come in from the old upper Allegheny at Steamburg,
New York, thet filled the valley to an clevation bebween 1,460 feet end
1,480 A Te = =~ = =, It is probable that the upper Allegheny was thrown
across the Kingua col at as early a fime as the diversion of d%%nage past
Althom, but pre~Illineien deposits heve not a8 yeb been identified in the
part of the present Allegheny above the Hinzu; cols" The writer admits the
possibility that the high terrace at Warren may be as old as Illinoian
although it is difficult}even after making all phesible aliowance for the
differences in meaterial and subsoil drainaggjto coneeive of the relatively
slight alteration in the weethered zone as representing the same time interwval
as permifled the formation of several feet of gumbotil farther west,
The other three groups of lower old terraces all show much shallower weabhering
bhan is present at Warren, in fact little more then is scen in meny places
in the low terraces. ~CUonglomerste is not confined to the high terraces
but is also well developed in the low terraces. The erosion of such a

feature as Hotehkiss Hollow terrace, even allowing for the greater poresity
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and the greater rdsistance of gravel compared with the clay till of gsouthern
Tllinois, scems to the writer %o be far too slight to agree with an Illinoian
age, This does not refer to the separation of the several terrace remnants
which must heve been aseomplished rapidly by floods from the melting iece
but to gulleying by locel preeipitaetion. On the other hend, the maturity of
the valloy sides at the Kinzua col end in the postglacial stream valleys
near Steamburg ( photos. T. 19, 29, 30) demonstrebes to the writer that the
drainage diversions must have been pre=Wisconsin. Such valleys are ubberly
wilike the post~Wisconsin gorges of Watkins Glen, Genesce River, Cattaraugus
Creck, and so fofth. Long ago Chamberlin and Leverett ( pe 35) stabed thabs
wthe earlier invasion of thé ice = = = reversed tho drainage™, It is possible
that the terraces now seen are decidely younger then the time of drainage
diversion and that the terraces of that remote time have been entirely
“ destroyed by erosion. Data at present available cause the writer bo incline
40 the view that the three lower groups of high terraces abt 80~85, 110-140,
and 150=~160 feet above the river respeetively, are all of Wisconsin age
g belonging to either or both of the earlier subsbages, Iowan and Tazewell.
Judgment is reserved on the age of the 220 foot and 320 foot levels in
Pennsylvania., Further studies of the soil profiles in aeccordance with the
syshem of Leighton and MaeClintock is needed before final opinions are
possible, In this connection it must be realiged that shallow exposures
may show only the lighter colored parts of the soil profile and thus give
an entirely false impression.

Loke beds of Allegany Stebe Park. The faet thaet the high outw‘ash

—

terrace deposits accumulated so rapidly that the tributary streams‘did not
haVe.tiﬁg-%o aggrade thelr beds to meet the new baselevel was Ghoroughly
discussﬁd’by Lobeek ( p. 99almi). He stetes ( p. 107) that : *The clay
deposits ( in the lakes thus enelosed in the tributary valleys) are rarely

more than three or four feet thieck and; where ocubt through by the streams,
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sre seen to be resting upon beds of grawvel presumably left by the strezm as
it beeame elogged just prior to the eneroachment of the lake upon its velley."
The test holes for the Red House dem disclosed from 4 to 20 feet of elay
overlying 33 to 45 feel of mixed gravel and elay which is clearly fluvial.
Beneath this is at least 13 feet of blue laske elaye Judged in the light of
present knowledge of the terraces, this means that the high-lovel lakes mapped
by Lobeek esecurred a long time ago. Following that time there was erosion
of the oubwash Ho a level below that of the modern sireams During the interval
g between glacial advances the tribubary streams in the Park were able o
i aggrade their beds with gravel to meet the remnant of the older outwash
in the valley of the Allegheny. The last or Gary advance thea caused a
mueh smeller and lower lake with whose doposits it is quite possible thab
- N ‘ some wesbhered stream deposits have been confused. Whebher the time lapse
% éétween $he two lakes was an interglaeial inﬁerﬁal or a “subintervel"™ bebtween

substages the evidence is not sufficient to decide.

The reentrant angle in the drift border. The study of the erraties in

" the terraces and the adjacent drift and of the relations of the ferraces
JighT
o the drift has thus far thromlittle A uon the ecause of the great reentrani
A
angle in the drift mergin north of Allegeny State Park. The eomnonly aeceptod

explenation is that this is the contaet of the Brian glacial lobe and the ice

ok

vhieh ceme direetly across country from Quebecs Lesley ( Lewis, p. xxi,
xxxviii) long ego pointed out this facts In such a situation we should

expeet to find that there had been shifts from time to time in the position

of the angle., It is clear, however, from the fact that the erratiocs are

all the same {ypes of rock that the two lobes came from the same part of
Oanéaﬁm' It does not follow that the outer margin of the Wisconsin drift is

of the same age &t all places, In such rugged counbry it is difficult, if not ¢
impracticable, to coumpare the age by study of soil profilas‘for erogion in

meny plaees removes the weathercd materiel as fast as it fonms.' The writer

is distinetly under the impression, although the time allowed for field work
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4 hLid not suffice to obbein much evidence, thet the Gary moraine passes far to
: the north of Selamenca and conneets with the oubter of the bwo moraines in
the Finger-lake district mapped by Fairchild. In fact such a correlaiion
wes long ago postulated by Chamberline If such is the case, the outermost
Wiseonsiﬁ drift east of the reentrant is either Iowen or Tazewell or both.
The drift mergin cerbinly nceds remapping in this region.
GONGRUS IONS '
The work of the writer in end near Allegany Stake Park has thus far
ghovm thabs o
o (a) the terraces of the Allegheny valley ean be divided into two groups,
‘ first the low and slightly eroded levels up to 40 feet above the river, and
second, the high, eroded terrace remmants up to 320 fect.
.7; (b) the terraces are all of glacial outwash origin.
' (@) the low terraces date from the formation of the terminel moreine
of?ﬁary substage of the Wisconsin glaciation.
(d) the high terraces may be in part of pre-Wisconsin @@ age, bhab is
| the 320 end 220 foot lewels in Pennsylvania, but the remnants in New York
do not aplpear to be older than the Iowan or Tagewell substages of the
Wisconsin glaciation.
s (e) 21l of the high terraces were deposited after the velleys had been
eroded to their present rock bobioms.
 i' (f) the diversion of the Allegheny river took place in pre-Wisconsin
time, possibly at the time of the formatibn of the oldest and highest terraces.
(g) the high~level lakes $hut #a the tributary valleys by the high
.\ outmwésh fill in the Allegheny velley oegurred long before the deposition of
the moraine at Steamburg so that the absence of shore features is to be
expectoed; their deposits are buried under a considercble thickness of fluvial
gravelywhich was deposited during a time of ice recession.
(h) no date was securcd on the cause of the reenfranﬁ angle in the

- drifi margin or the time reletions of ice advances on its two sides.
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Fre-Tisconsin terraces lF the Ohio Basin

& o
general features and relations. ,ﬂaé valleys of thée upper Onhio and 1é§r

~ tributaries Thesa ehe both glacial and nonrglacial terraced on rock sielves
A

‘

& L8N
’xjr.y\! es::ent:.ally the same W

‘and in abandoned courses, all of\them much more weatnerad and eroded than

C.v\u g
. In—aa#&#—dﬁyﬁ G. F. Wright regarded

- 2 v 0&’3'!‘!/ Ay

the lower terraces of Wisconsin ag

these deposits as evidence of a gla ial lake caused oy the-lce-aqaaEtng the

oHhse Feeiat who rrer i “*"“?’

Ohio at Clnclnnatl but retven-the flu

“by—ether-peelosi-eis. Howeorer Qpinion\has been sherply divided on the
position of the rock floor at the time aggradation. There secms to have
been no attempt to discriminate more than\ one stage of pre-Wisconsin valley

filling. The likeness of these deposits tY the pre-Wisconsin terraces of

the Driftless Area is very striking, and i

ial orlgln‘tb the gravels, wee-recogmized-—
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Previous investigetions. Although little detailed investigation has ever

been mads of the terraces of Alle gheny River in New Yorﬁf’thelr general nature M
has been known for & long ume. In his introduction +0 Wright's nolrt = W 'fMl

A

on the glacial,boundaf.ly Chamberlin in 1890 divided the terraces into twe great

groups, (a?' the high terraces and (b) the moraine-headed terraces. The great

difference in age of ths’ewo groups was stressed. In 1894 the sane author

in eollaboration with Frank Leverett again described the terraces and recogm.zed e
ek W Uhner A

the possibility that they may be of three different a.gesﬂ Their conelusions

on the relation of the terraces ai Stemaburg, New York, to the terminal

moraine are exectly the same as those reached by the writer so long after.

Loverett's final report of 1902 summarized the conclusions proviously published

i
and gave an e&tensme blbl::.or'raﬁ_,r cover:.ng much early work in Pennsylvania.

e olt pmetrdach & M o O OXogn M
In 1910 Butis ma.ppbd the 'ber- aces near Warren, P ia but added nothi :
to the previous knowledge of their age relauons. Lobeck In 1927 mapped and
described the terraces in the vicinity of Allegany State Park, New York but
geems to have overlooked much of the earlier literature concerm.ng thelr ages.
[ ‘u/w Uian,
He regarded them as entirely the product of the last’\gla.clatl n stating: ( P.. 125)
"ihen the ice occupied the position now marked by the terminal moraine greai
floods of water poured to the south past Steémburg and through Al.leghy’ny valley.
It was at his timef[that the Allegheny river developed its new course and abandoned
the route past Randolph. The old valley became clogged with alluvium and drlf'h
a8 we now-see ite As the ice sheet melted back a lake was formed hetween the
moraine and the © e front and covered the present sité of Randolph, —w=————= i
The lowest point of overflow wes just south of Johmny Wabt hill and it was
through this gap #m==z=x just west of Steamburg that its waters poured out until,
with the greater retreat of the ice, the lake was drained to the wests The gep
just west of Steamburg is flat~floored and with little or no terminal moraine :
Billsc. - “In oune or two placese;---there are preserved remnants of the oultwash

plain at elevations as great as 1460 or more., This is very much h:..gher 't‘.han 'bh.e

present floor of the valley and preSumably means that the wabers draining $hrough
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this gap cut away much of this earlier outwash-~———. At least there is clear

evidence & Lhat this is an old outlet channele" = =% oo Yorvia Slaie

__.-

L gAre e SPoR s s T G Y
Subdivision of terraces. The terraces of Allegheny River and its tribu-

taries have long been divided into two great grouns: first the lowgﬂ broad,
slightly dissected, rether sandy levels from a few feet to roughly ﬂb feet

above normal river level, and second; the high, discontinuous, for the most part
very stony terraces up to 360 fect above the present day streams. It is probablf®
that the high terracés can b e sudivided further into ai least Bw groups,&%%hﬁﬁr’
deba—nou availeble—donot—rermis—bhis—bo—be—aonewith—eertainty.

Material. The terraces are underlain by gravel which for ths 1arger paxrt

containsg e fakrly high proportion of

“ﬁi jeterial
obbfET,, Urhe pE shERER ranreafrom large lﬁ‘ﬁ
e R o == The
o~ ;wumhuu.qg-sﬂ-ﬁvﬂﬁ*hm SR pastrpdania, 1in RS
boulders down to sand& Assortment, is fair to good bub no screen tests were made
by which a quanitetive classification can be fcr@ulaﬁed; Some of the thinner
layers are of the “openwork™ type, that is without any sand in the holes bebween
the pebbles. The stones are ch@&ﬁly giltetone derived from the Pnntage‘and
Chemung kzd beds.gﬁ&-cénadian crystallines in few places make up as much as
10 percent of the total of sizes which are easily determinable in the field.
T fana Il W{JM-WMM MAM,/VM
Where unweathered the gravel is light bluish-gray in color/but near the surface
Beddingz this is replaced by a brownish yellow éﬁor and within this zona
whi.ch 13 from a few feet ® to fully 20 feet thick the carbonates have been largely
Tacocboale, chafi oty J
leached away. 3 terial has n redeposited below the weabiered zone
forming much of the gravel into a conglomerate. Barly investigators stressed
the fact that the h_gh terraces all lie on rock benches but this the writer was
Tarv
unable fo confirm in the erea he examined. ke &k O s ‘ht‘ﬁgfi
A e r~¢ﬁ5?t2?3hhﬁu.gﬂda~a¢4, ot L
Bedding., The bedding of the gravels is predominantly horlzontal. Cross

bedding is confined to relatively thin layers many of them rather sandy and :

with few exceptions dips in the direction of the present drainege.



AT.2P | 7

96-112, 119-126, 161-169, 192-218) escribed and mepped th@%gion close %o

the : : = 2 - N
Park in considerable det Much has been written on the outwash terraces

General statement. The texraces of Allegheny River and its tributaries

A .
& first, the -’10&?31-) broad\slightly dissected

et abové water level,

may be divided into twe greal classe

levels from a few feot to roughly 20 second, the

higher discontinuous fragment terrac

& jﬂ AlLL terraces are made of glacial outw which consists of gravel
M pmuwwkw,fjnmm-‘ X w«-n;ayu-u-xrb P\W&\
Locally the gravel has beexﬁ cementéd by caleium carbonate into a fairly firm

conglome/rate. The group of high terraces will b¥ coasidered firsti.

D SCRIPTR F HIGH TERRACES :
""" ‘ /5223
{ Pa.' In the T:Lones’r.a Valley) soubheast of Wmenj Pennsylvanig

( Rabrlicpgt Lvertik Th e
near the village of Gla.rendon) glacial stones have long been known. Both l-mj}_ ,333

Leverett and Bubtts ascribe the deposits to ice but the only exposure which the fé-)
{193
party of the writer was able to find in a brief visit is a gravel pit ian 0ld
@larendon T with ol i U About 15 feet of‘\fa:l.rly
(m@ch weethered, /- U
well~ sorted and welLbedded gravel was exposed on July 19, 1932, Few stones

U\bﬂa _p%cu(,
of more than 4 inches in greatest dimension could be seen although a—iéy-

L ik thia
g dismeteor-of—over a foot’.\ The erratics appeared to be the same as those noted

farther north in the younger drift. The deposit whiek reaches an slevation of
Tt D :
1500 feet according to the Warréa quadrangle 9 certainlyﬂnov’a till and could

not have been deposited close to the ice froni.

; 5 .7
Warren, Pennsylvania. Bubs mapped several high level terraces of glacial
[ &

outwash near %o and in Warren, Pennsylvania,” All are close to the junction of

139§ Wk @
the Conewango end the Allegheny and reach ax maximun elevatlon of Peuwpiiy-—1386
’_w,ﬁm#-m [ PR P P lonzl ] :

/w‘”'fee't.\ The only exposure visited 8 was the pit of the Garlson-Johnson Gravel Cos ,

203 Dartmouth St. Here the top 20 feet of the deposit is greatly weathersd and
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A T3 : =
oxidized as shown in photo To 17. This pert had been recenﬂ.y excavabed with
a sthema shovel %o—trs'awn-road#uwﬁ?ﬂgg;wer face of the pit shows clean sand a.nd
gravel of lightcz color nueh of which is cemented by caleium carbonate. Some of

the gravel is of the “openwork"™ type with little sand bubt is not as well sorted

as are openwork gravels on a beach. Some of the cross bedding dips north inka

4 — P f
away from the Allegheny River. @ed avdi Adin/ won ot Aaanned]

Russell, Pennsylvania. A gravel pit in Russell, Pannsyl\rania/just south

of the road leading west from the bridge at elevation slightly over 1280 (6°
shows cemented gravel of the same general type as that of the high terraces.
The surrounding moraine is gor the most part composed of till. The exposure,

although not conclusive, suggests the possibility that the terminal moraine of

the Middle Wisconsin mcmlw rests upon a remnant of a high terrace.
2 N~

@mkax Onoville, New York. High terrace dQuosits are known on the New York—

Pennsylvania line east of the river near the exireme sowthwest gorner of
Allegany State Park, sxsheriidisiznssxwesizofiiksiwesichbridgeiesd, and apparently
on the north road about a half mile west of Onoville. The first named has no

good exposures so far as could be seen and apparently reaches an elevation of

1390 (amewmd )
about 1409 feet. Theigravel:pikti at ancelevation:iof X3Q@<anky siightliychighmx
“JQ_‘
EhenxEhexnainikerraea el Lth.exhxldgshmﬁ TheAsaelf on the north side of the .
”rd % alivte AurtA

Sawmill Run velley west of Onoville reaches an elevation of 1460 and has some °

water-worn stones on top. Fric—compesed-madnly-oishates It is possible

that th@ stones, some of which were found in situ mixed with local residium,
are of glacial rather thaan glacio-~fluvial origin.

 Hohehkiss Hollow, The high terrace at the moubth of Hotchkiss Hollow
et L’? M Y
is thc best known in the districte Pits on The north and south flanks were
M Ju.. mets (o)
studled e July L2, 1938 Tneseg displayed fairly well sorted to very well
setll, A
sorted gravel nm.-eﬁ—eeﬁ:‘&e:ns boulderg up %o 3 feel in dlameter. Some layers,
: Uy G i et ohiaomilon vto -6 )
cach less than 6 incheh}( thick, ofhopenwork gravel Were observed, = Weathering

is well marked and the highest part of the terrace is distintegrated into a silty

clay sS)il %o a depth estimated at & not less than 10 feet, The highest part of

)
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A. T. 4 e ;
] u o afansl Ctrmoate
the tbrraces is at clevationabove 1460, The south side shows s.w%a'l.—Le'fe-}:s
These are weabhered to a depth of 4 o 6 feet.
pertiourariy at elevationg l400—sxd3386%, The preseunce of a bed rock basement
IE?O(LMvuV:}‘ K& 4T adwrt At
has not been demonstrated although the abrupt bend in the Allegheny River north

: 35 )
of this terrace strongly suggests that such is present. (Lrbei /92 il
Quaker Run. The high or—¥#30~fvwt terrace at the mouth of Quaker Run

i b =
is knowa %o almost all visitors af to the Parke ]'.ndeeZ: it Was once suggested
3;%&, Sade, Al i A A
Fo Uy the Run at the south end of this gravel terrace where the present siream

G
W’!’UP _ is cutting =—guorge in the shale. There are g no good exposures but float

e tmtnrndk odiin T TP 14008 < T oy MII L v~ ailianhy oo ol = [ JS7F e s ]

5 g0 A :
’35-.1,1"""'*’13683313 to indicate rather coarse stony gravel. & smaller remnant oeeurs north of
: S A Ledada P 19 Shd ik Tt}
Holts Runmissos st > Jif‘HU k;,\,wk ; r ”C)M % o m\iwm
S e N R e A Wt 2]l . MW’YV‘MA}"M '~,.._1-*W4 .
O, Arderk () J“"’\' ik b I ttovaram 15D (amsnadk ) 150 ¢© I,”c, }

Pine Oreck. The terrace remnant in Pine Creek valley is much dissected
but reaches over half a mile Qack from the main valley. The highest elevation
is 1480, Exposures are poor/ and little new could be observed, L4~ f I3 7)
Cricks Run. Just cast of the mouth of Cricks Run is a terrace remnani over
1qo "l},..pw-‘-’}“ 194 195 ‘E eol/
nelf a mile Long which reaches 1460 feet. JLobeek ( P. 3 Cepeas a1 exposure
on the railroad but the writer did not visit itesm L ~tmed f‘“‘)‘) s
Steamburg. Lobeek ( p. 100) mapped old high terraces both helf a mile south- -
east of Steamburg and along the road near Bunker Hill School. '.I.‘hta}slevation nay
lovally reech 1500 feet. There do not seem tob.e any good exposures mﬂthe ©e
The writer is convinced thet the gravel pit in Steamburg (Hobstk—pr—RE2X 209~
: . : : {;..,«_’L,L‘_;_ : Sty 2
212} is not covered by %ill despite his pne@oesem statement ( p. 209) 22 )
that "if the section is fresh, the disturbed upper layers of gravel give
evidence of ice movement." The tvran'zfive fool face was clean on July 28, 1932
: bl T &%)
when visited with the class. The few feet at the top is very bouldery and has

: o
been so greatly weathered that the originally poor stratification has been destroyd

‘It is possible that till was present but has been dug away for in eny case the

very coarse stony gravels must have been deposited close to glacial ice. .
The great amount of cementetion and the truncation of the horizontal beds by the

sides of the hill indicate to the writer that the whole mass is an erosion
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remnant of a much higher outwash plain that that which merges inbo the moraine

of Cary age half a mile farther west. The hill less than half a mile north of

the gravel pit scems to be made of weathered gravel and is a.p"orently of the same

-

A e (P Fore V] :
origine Hehoo o e e (T J

Red House. Just north end across the river from Red House is a] jterrace
v ol i3p (e = e

remdnt about a mile long which reaches elevation % 1460, Tieis! much erodad B

” : 3 ' S B AAd, o
<but Exposures were poor at the time of the writer's visits. _ >

TN g gk
Breeds Run. The little iXR@xfemkxierrz 1420 uerra.ce just south of Breeds

o i 50 o

4/(,

Run is not greatly eroded and clearly is not the highest level.
Elkdale, In the vicinity of Elkdale Station a ridge 20 to 40 feet high
nearly crosses the vaelley of Little Valley Creek. ALY previous observers seeum to

have unhesﬂe:b:.ngly regarded this as the {terminal moraine of the Wisconsin
(Lobeck, p. 123)
drift.. In the grounds of $he Salamanca Country Glub}east of the State Highwa.y}

gulleying locally resembles morainel topography but so far as the writer eould

gee there are no kettles, West of the m.ghway and esgpecially west of the rs.llroad

465
the top of the ridge is flat at elevation 1480, Cuts show that the material is

coarse illfassor’qed stony gravel which is greatly weathered o a depth of at least
10 feet. The fatm-;e appears to be a remmant of a terrace preserved because t the

: MMMZCWMM vb’&w’”}alﬂ;
stream -here swings over against the v-.rea{; wall of the va&:lay‘.ﬂ Bekw oth higher C 7

‘lJ Ly (Lr-f“t‘
and lower d=n th:.s valley other less ci-earw't terraces rise high above the uneroded

Wisconsin outwaah which is pitted at the village of Little Valleye. Thare is :
q_g oA, AT

s )

a suggestion of & high uerrace\’é.t elevation 1480\111 West Sa.lamance.. ) -’«;—M = I<iom

e
A ‘I A e RS = ﬁ,{
Allegany. The long mi‘eml from Salamanca to m&&lﬁuahowﬂ 0111? ,'30
-.—-—-.g—_x

UK At ~Busse

scanty remmants of high terraces. B,o'“ﬁur‘een ELurermde Junction and mﬁcfmdalu,
5 radan il La

however, a steam shovel had recen"tly been used to exeavate a deep pit in a

P

reentrant of the valley wall where topography gave little indic;ation of gravel.
East of Russel| a much eroded gravel terrace over a mile long is shown in ‘
photo Te 3'1! ‘A pit wh:.ch was being worked in the weathered zone was not visited -

ﬁm 80‘& e, The At .
by the writer. The top exceeds elevation 1480, Across the river in and east of
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Sunmary of high terraces. The high terraces may be divided into the

‘following groups: (a) the much eroded deposits near Clarsndon, Pennsylvania,
which rise 'l;o roughly 300 feet above Allegaheny Hiver, (b) the high terrace at
_ Warren, Pennsylvania, 220 J.eet ¢ above the rJ.ver} end-wTth which it is possible

S
that the high rock snelf%t 180 foet (west of Unov:.l} may be -correlated, (c)

——

a considersble group of terraces with flei tops which rise to 150 $o 160 feet

aboys the rﬂver) including Hotechkiss Hollow high level, Quaker Run ’rugh}‘avel,

B e
Pine Creek, and Wolf Rufi, (d) a Aunber of much erodegd terraces at bwsh-#arrﬁ-ng-
o
from XU to 140 fect ab&fedbﬂe%*hmry including exrw:’i:te terrace a‘t‘. staﬁe line,
north

Cricks Ruy Red Houss, Sedamgnes, ond,the smukh side at Allegany, and (e) a
e
well-defined group, 80 to 85 feet WEEhincluding Hotchkiss Hollow low level,

Quaker Run low 1evel, w.n, and the south side at Allega.ny.

mmxmmmmmmﬂxwmm EEXrEERh)

e e e S -

e higher the terrace 'E'.he deeper the wewi.rlerln
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Allegany a large area of terrace may reach 1530 feet ,\although this is far from
certain. It is deeply eroded with little of the originael surface remaining.

}-W‘V’- A 10 153 / ““"'{" W
Leverett ( plate IV)“regarded this as part of the terminal moraine of the Wis-

ol T 1 i adaldom) Mm ey 3
consin drift mﬁgﬁﬁer was unable to find either till or kettles. A large
gravel pit (photo%[‘. 32, 33) shows a woathered zone with veins of iron oxide
from 5 to 15 feel deep resting upon sirongly ceﬁented}fairly well-sorted gravels
in horizontal beds. Oross bedding where present dips to the west. Bome layers
consist of poorly sorted openwork gravel, The writer is convinced} as was Lobeck 3
¢ pe 103) that this is a terrace and not a mqia_ine- A reconnaisance aiong roads
northeast of Olean failed to find any of mceu nerket—en—ithe maph?by
Lobeck (p. 103), with-s-encebion Shelves = Fed ro%\(ggg%—é&ﬁmmar
However, when going east on New York Highway 17 a deep cut in what appeared %o

beyond
be old terrace gravel was noted some miles maskxaf Olean. @)AJ

pESCRI PTIW & Low Terraces
e a0
Pennsylvania. Terraces 4o r-uugaly 30 feet above ordinary water level of

the Albgheny River were noted along much of the valley in Penunsylvania.

All are little eroded and} so far as the few good exposures seen indicate, only
slightly Westhelfed. No terraces are present in the narrows where the streame
crosses a preglacial divide.

Q%ovi;:leJ New York. About a quarter of a mile west of the }x Onoville

bridge is a gravel pit at elevation 1300, It exposes horizon,ﬁtally bedded
stony gravel, in part openwork. A few boulders are presents The wﬂa'bharinged

zone is only a few feet thick. ~ 2= M Jpolirny P oth, P IAL Pl o oI
BIS . 3047 Ht Ol < e K5

Quaker Bridge. The gravel ;:it'southv{est ofTunessasa Indian School near ¢
. S TR, . »TW‘N*- ¥
the railroad shows the following sections [ 2% -8 1 3p o b :
S0il and silty send with scatiered pebiles 2 to 3 feet

phrae
Gravel, coarsge, ver;,r stony, eise to 6 inches, oxidized
to brown color 8
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TERRACES OF ALLEGHENY RIVER, WARREN, PENNSYLVANIA TO OLEAN,
NEW YORK 7

F.T. Thwaites

Introduciio { Previous investigations
Description \
High terraces
South of Warrenm, Pa.
Hesr—larren and Russell, Pa.
oville rock terrace, N. Y.

Steamburg
Elkdale
mallay below Salamanca
Low terracés i above v
Interpretelion e
Origin of terraces
Age

Relation to glaclal lakes of (A S'K

Goneclusions

Introduction. During July and August, 1932,the writer was ingtructor in
geology at the Allegany School of Natural 'History)-i'rr’ﬂlegany Btate Park, New
York. Only three students registered for work in geology and as all desired
to take advanced work it was decided to stud},r_%he problem of the terraces of the
Allegheny River and their relation to the Rrifk re;{z.rgra:{lt angle in the drif‘h.
margin within which the Park is situated. It was hoped that importemt light
migh;h be shed on the Atime relations of the ice sheets on the two sides of this

le. The fol : a gk
angle. 18 o lowing repori sets IOI"Eh the results secured inglny s.euca-days
2 erohir e

.@A. w M e Ma;(q, TRt © zlp
of field work. The conclb@h.ons here:l.n reached are not final but are put on paper

for the benifit of others who may have the oppox’tumty of carrying forward the

study of the problemd, P+ J\/"\/‘U.A. v M b Yo Cant V' M ecenn ot
PPQVlouS mvestlgat:.o Little detailed 1nvest1ga‘olon ‘of the mXd terraces

a.nd r’“lamzl.al\d.eposlts within the area under discussion J.S-‘

W.I'_.e/v:rett kES-diouss

1894, 1896F and 2.1902) end briefly described th

ow published.

the drainage changes due %o gla ation{ Leverett, 1891,
djagent ghacial and glacio-
fluvial deposiks of t;:xﬁarea ( 1902, p. 129-132,/226=227, 226Gx 228-239, A
436, 432, 4 3-464, ‘plate m&m IV in pocket),/ Butte ( 1910, p. 6-7, 9)

described briefly the terraces and d.r:'7 the Warren quadrangle, Pennsjlvania;

Lobe
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Gravel like above bﬁt gray-blue color and in part cemented
by calcium carbonats 8

It is a'oueétion whether this gravel is actually of the age of the low terrace

or has been eroded dovm to that level from a high terrace. fm="- Quusdhess 3y
wﬂamwwiﬁfd - Oﬁmmwl

Cold Spring. The Cary moralne at Sueamburg is connected to the Allegheny
terraces through a greal alluvial fan which slopes from aboul 1420 elevation
at the edge of the Arxfk moraine to about 1350 close to the river. The presence
of this fan somswhet interrupts the normmal sucession of low terraces.

A gravel pit on New York Highwéy 280 on the bank of Cold Spring Creek is shown
in photo T. 61, The top 4 feet is leached of calcium cafbona$e. Below this
othe suceeding two feut are dark brown in color and there is a sharp contact
bo¥S this layer with gray gravel in ;part cemented into conglomerate.

On Néw‘York'Highway 17 about a mile east of'the Indian School is a'pit in a
terrace not much over 10 feet zbove the river. Photo T. 74 shows the face and
demonstrates the relatively slight amount of weathering although oxidation
extends to the bOtﬁOﬂﬂ No conglomerate was found. T ez

Red House. The Allegany State Park gravel pit lies south of the abandoned

browm
chemical plant. It shows 8 to 10 feet of much rotuegisand and gravel

below which there is much conglomerate. The“tUpUgrapﬁy—suggesbs*ﬁﬁa%ﬁfﬁls may

be ﬁ;gher theh the main low terrace in which case it is_part of the series of .

A T,‘mei-}rs e 2% Lttt aren - R }«wa,i;;.yéfu;@w
high terraces. One half mile norzheast of the postoffice on Highway 17 is a
pit belonging to some Indians. The top one to one and a half feet is a 51lty

.-’. )
gray-yellow soil. Belowag’a depth of about 8 feel from the surface is loose
N :

. e
gandy gravel ® oxidized to brown color., There is no conglomerate. Fha—lisacstoe
i e :

North of Qlean. A cut on the state highway north of Olean showed well

sorted gravel?ith well rounded stones up to 8 inches diameter. The svidansexat

weathering is moderate in amount.

Summary of low terraces. There seem to be two disbinet levels of low

terraces one 30 to 40 feet above the river and another roughly 15 feet

lower.  The upper level locally shows considerasble weathering,
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INTERPRETATION oF TERRACES®

Origin of the terraces. All of the heretofore'de.scrlbed gravel deposits

{ i3 ,w ﬁwwm&;m Lrorelan ? Ww

% must have been near

ﬂ‘«" explicable as glacial Ou'hWB.Shu'
Steamburgon the northwest and somewhatae north of Olean to the east.
It is possible that some till is present at Steamburg but there is none ab

Allegany. The deposiis at Allegany and Elkdale and/cercalnlj not moraines.
P ,L_il_‘z/Ll—\-D M{

There is no evidence of anything but stream deposztlon a't. any point which was "m:'\

M“h‘f)t i ¢ S_&MNW
a'}:rssﬁeékb_; the ‘Tluerfb‘“*"\ oI U X tm Th mrdrmt Swthn V),
*’}1 (le 1 54-155)
Age af o te terraces. The relations at S'l'.eamburg definitely prove that nly s
KW ﬁ WLL UV Lo ks AJWMN LP‘\J LA)J-I\ Ny wxx Lu?]_,{.h/

- the low terraces are of Cary age. . The alluvial fa.n from that moraine was

terraced to any material exten{by glaeial waters during the dissapation of the
e \W Flihainks e
Cary ice but has been somewhat eroded/\!}y Cold Spring Creek. Glacial wgters from

northwest of the *bennlnal znora_.neiw'ﬁd oscape vie Conewango Creek %o Warren,

Pensylvania. The lu.gh terraces were eroded to escentlally their present form,
A ,ng\ e —5% =N wRann 1W-“}- M
before the deposition of the low terraces. There age :Ls, ‘therelore, are-Gary. g \Jw"‘-’

Judging from the deep weathering and for the most part considerable erosion

it seems more plausible to correlate them as pre~Wiseonsin rather than as e /i~

Tazewell or Jowan, although it must be realized that the eivdence is not ; ! g8

7 4 e
decisii/ve. If pre-Wisconsin it seems logical to correlate them with the Illin- i»‘ 10

oian which has been ddsntlfled by Leverett :m. the v:n.clm.ty of Warren, Pennsylva.ma. hj

Mok G- o Y dx 8 PR | =

The denos:r.us at Glarendon, Pennsylvma, houever, ccmld not have been daﬂosned
at the same time as the highest terraces known farther northd” 'Jéhay‘ must have
been laid down when the glacier cros§ed the Allegheny near Warren Mhis does
not in itself mean 'Eha‘c. they are very much older than the other deposits farther
north which might have been formed during the recession of the same :Lciemswi'ze.e;zﬁ
It is obvious that the high terraces were formed at the time of) or laﬂ':er tha.nj

the diversion of the preglacial Alleghey from a northward coufse %o the i.ake

Brie basin to ite present route. The maturity of the gorges across cols also

demonstrtes Zkiy the fact that the diversion occured in pre-Wisconsin time.

-



. sheet glacial floods which had depogited the heav%#br part of téfif

4

level of the low terraces.o\.‘n( A %\‘g(\ i | LA A Lleast s

A, T, 9
For thei matter, the maturity of the valley sides in many of the postglaciél

divesiim channels negr Stemmburg (photo>T. 30) strongly suggests that they are

pre=Cary in age. T wﬂﬂdﬂé«———vg—m B e aa 2%-%;_, =

Belsbom o FrACTAT Teros. e
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These conclusions are exactly in accordance with thes long ago reached by
Chamberlin and Leverett who state ( Chamberlin and Leverett, p. 35) “the earlier

invesion of ice ——-reversed tho drainage and partially filled the valleys."

I’\l-b iL“’\;L‘mbk

e gIEclaI—pfreams from the Cary ice which deposited the low terraces found the
drainage in essentially the same location that it is foday. Long enough time
had elapsed to weather down the sides of the post-early drift velleys as may

well be seen south of Kinzua, Pennsyivania, During the dissapabtion of this ice

[}

un

; load farther unstream sllgnﬁly aroded the Gary ouﬂ&ash formlng he low terraces.

._.\ Coagile Pt

,.—--*—"‘

The possibility stlll ramalna thut not all the high terraces are of the saLe'

| agee Certainly, the amount of weathering observed in them veries widely as

.5 does their egex elevation. The highest levels, as at Warren, Hobtchkiss Hollow,

and Albgheny seem to show the deepest soil profiles. In this connection it must

be recognized that in meny shallow exposures ks surfisisi ssilxizger mx Horizons

end 2
l\?f Leighton and MacClintock's classxflcailon, iﬁ light colored thus giving

a false impression of freshness. Horizon 2 is a silt with relatively few siones,
all Qf e very resistent nature. Horizons 3 and 4, where oxidation predominates,
are much more striking though of very irreguler thickness. On agcount of the
coarseness of the finer materials in gravel these horizons were not clearly -
distinguished in the field. If there are really two different ages of high

terraces it seems probable that the younger one lies not far above the

- . = T ok

3 X - {3~ a = e o = —— F:
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Lake beds of Allegany Park, The fact that bhe high outwash terrace deposits

accunmulated so rapidly thet the tributary streams did not aggrade their beds
$o0 meot the new baselevel was thoroughly discussed by Lobeck ( p. 99-11).
Mmeckkmkcihe mush grastercsgecadckhex fasks He sbates ( p. 107) that:
"The clay deposits( in the lekes) are rarely more than three or four feet thnc%i
and, where cut through by the SUredms,farJ'seen to be resting upon beds of
gravel presumably left by the stream és it became clogged just prior to the .
encroachment of the lake upon.its valley." The test holes at the dam in Red
House valley show from 4 to B0 feet of clay overlying 33 to 45 feet of mixed
gravel and cléyo Beneath this is at least 13 feet_of blue clay, Judgéd in
the light of present knowledge of the age relaﬁions of the terraces this lowest
clay révresenis the deposgit in.aggﬁlakqf which'ﬁﬁggﬁconﬁemporaneous with ;&gJ
\V* ééri;gfigiii:;gz( I the suceeding interglacial interval the siream resumed
its course and aggraﬁed its bed because all the early outwash had ﬁot been
removed dﬁring terracing. The upper clay is in part due to weathering of the
gravel and in part to slack wabter deposition of the stream when its ouﬁlet
was reised during the 1a§§§j€§§clamion. Such a history does not agree with
the conclusion of Cahamberlin and Leverett that the earliest fill took place
before the rock bottom of the valley had been eroded to its present level. It
woulds ho*ever, flt with their hypothsis of three periods of valley filling
:aé‘iigégééase tnzsﬁo i% ?}u{‘}?gRed House valley would corrq?soonu with the
aggradation of tneﬂuaffaé;:wxihxihnxfaxkx he Perk gr i : 6.
- P (RE exposed
\¥eitey“ Ih any case, however, it is easy to underuuand uay\lake deposits are

4aibmes so scanty im and why beach lines have never been alscovereq, at the

level of the highest terraces.
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Reletion of terraces to the reenmtrant in drift margin, The study of the

erratics in the terrages and adjacén$ drift and of the relations of the terraces
to the drift has thus far thrown little light upon the cause of the great
reentrant angle in thedriit mergin within which Allegany Park is sibuated.
Bewis f<ps:oci)cexplankianc The commonly accepted explanation is that it

is the point of contact of the Erian Lobe and the ice which came directly across
countryfrom Quebec. Lesley (Lewis, p. xxi, xxxviii) long ago pointed out this
fact. In such a situation we should expect to find that there was more or less
gifting of the point of junction from time Go time. I is clear, howéver, from
the fact that the erraﬁics are all of the same types that the two lobes came

across the same part of Canada. The writer is distinctly under the impression,

\a E‘ff

although the time allowed for field wor 8id not suffice to obtain much evidence,
that the moraine of the Cary drift passes far to the north and correlates with
the outer of two of the Finger Lake morainiec systems (Fairchild) In fact this
correlg?ion was long ago postulated by CGhamberlin, If such is the case the
ouﬁermgziigizii east of the reentrant angle ié either Tézewell or Iowé?or both.
Future work. It cannot be stated too,aﬁphatically that ‘the Pleistocens
geology of western New York needs restudy in the light of present knowledge of
the glacial succession farther west. In order to.reach definite conclusions
studiesrof not only the topographic férms of the drift and associabed terraces
but ﬁhgir material and degreé of alteration as shown by soil profiles are |
neededrover a considerable terriotry. The writer feels that he has merely

scratched the surface of a vast problem.
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Introduction

AP —

The advanced geology for the summer of I932,given under the
directorship of Mr.Thwaites(Wisconsin),consisted of an original
problem-a study and correlation where possible of the outwash ter-
races of the upper Allegheny River valley.

The area studied in greatest detail was the valley northward
from Warren,Pennsylvania to Olean,New York?&ncluding the valleys
of the tributaries-Tionesta Creek,Cold Spring Créek,Conewango Creek,
and Quaker Run.

The region studied is part of the outwash plain from the
Pleistocene glacial sheets.It is our belief that the terracing is
due to river erosion of the glacial-fluviatile deposits;the higher
terraces being the eroded remnants of an outwash plain considerably
older than that which merges into the terminal moraine at Steamburg,
N.Y.and from which the lower terraces have been cut.The terraces
are composed mainly of gravel in which many cuts have been made which
often reach a considerable level above the river.

In studying our area,we tried to correlaté the terraces on
the basis of: topographic interpretation with barometric correct-
ions;the presence of foreign rocks(in this cese crystalines as the
country is all sedimentary),the kind,the state of preservation,and
the relative percentage of the foreign rockgnd the depth of weather-ing
ing in the exposures studied-the &eeper the weathering,the longer
the time of exposure and hence the older the age of the deposit.

In distinguishing the glacial depositesfrom the fluviatile,we use
the usual criteria of stratification and bedding,color of the de-
posit,and the additional criterion that in a river deposit the peb-
bles point upstream at an angle to differentiate the river depos-'

ited glacio fluviatile from the lake laid deposits.
¢ S5¢ee ?'17 - ﬁl’ L8
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When first considering the terraces of the upper Allegheny
River,one is impressed by the differédnce in the altitude of the
terraces.There seems to be too distinct levels-one about I420 and
a lower level at about I2-1300 feet elevation,For exaﬁple,there
are wll defined high terraces at Hotchkiss Hollow(I460),Pine Creek,
(15I2),Breeds Hollow(I440);good examples of low terraces are found
at Bone Run (I320),Peters School(I322),Shongo (I360),and Holt's
Run(1322)fbpon projecting these terraces on a profile of the river
(see profile),the distinctness of the levels is very striking.

The highest point of the terminal moraine in the Steamburg
region is about I400 feet.Therefore it is not probable that outwash
terraces which today stand at a level considerably above I400 feet
could have been derived from a moraine at that level.This gave us
our ftrsﬁ hint that the higher terraces might have been the erod-
ed outwash remnants of an earlier ice advance than the Steamburg
moraine one.Lobeck in his book postulates that these terraces are
deltas built by tributaries in a glacial lake which may have filled
the valley north of Warren due to ice damming in the Warren region.
Our problem then,was to ascertain the kind of deposits these ter-
races are,and the relative ages of their formation.

Detailed studies of gravel pits revealed that although
some sand was present,the majority of the material is fakrly well
stratified pebbles and sand interbedded with some openwork gravel.
Unlike quiet water lacustrine deposits,the pebbles are at an angle
pointing upstream(a characteristic of stream deposits)The sand fill-
ings can be justifited on the basis of the filling of holes bn a
bar during low water.?he gravels showed none of the chacteristics
of delta deposite such as armarked foresét bed.

To substantaite our belief that the eerfaces are due to
stream erosion,we took a trip to Big Bend,Pa.The valley at Big Eend

is by far too wide and mature to have been worn awav since the wm..
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most recent glaciation.Also,outside(south)of Big Bend where the

glacial dammimg was to have occurred,we saw terraces which corres-

ponded in elevation and generél appearance to those north of Big Bend.
From the above studies,we concluded that we were working

with terraces formed by the erosion of an outwash plain,by the Allegheny

River,and that there were two stages of glaciation followed by eros-

ion as evidenced by the terrace levels.

Studies of the _low terraces:™

A. Low terraces in detail

I. Gravel pit in the low terrace north of Hotchkiss Hollow

2. Gravel pit in terrace north of Onoville,N.Y.

3.Low terrace, railroad cut between Elco and Wolf Runs

4, Red House east of the r‘iver**

In each of the pits, the general conditions were very similar,

The cuts are quite old consequently a great deal of slumping has taken
place.it Wolf Run the cut was deeper and fresher,and the evidénces
of deep weathering more striking.Thick deposits of gray clay and
gravel conglomerate(products of deep weathering) are not present to
any great extent.
B. High terraces in detail

I. Gravel pit in Hotchkiss Hollow terrace

2. Steamburg gravel pit

8. Catlson and Johnson gravel pits at Warren,PBR.

4.,Cuts at Elkdale

9. Olean Creek terrace

§. Pine Hitl wnier way ditch

7. Cold Spring high terrace

8. Elco high tergace

9. Gravel pit in terrace at Russell

I0.Pit two miles wst of Quaker Run-Wolf Run road indersection.

The cuts in the hi h terraces are, in general fresher,and

the color considerably darker than in the lower terraces.the strik-
*b .
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ing difference, however,is the presence of = gray clay, a product
indicative of great weathering and great age.At Warreﬁf the cut is
some fifteen or more feet deep,about eightlfeet near the top being
markedly clayey.This clay is present in great quantities at Eine
Hill, Steamburg,and Cold Spring.In general ,the amount of cemented
conglomerate is in far greater proportion in the higher terrace
cuts.A satisfactory explanation for the formation of this gravel
has not been offered other than that it is found in :‘he zone of
redeposition(Zone A near the surface ,coarse material ;B.coarser

than A-zone of leaching; C. zone of cementation or redeposition)

Studies of foreign rock in hiﬁp and low terraces

A, Numerical studies
I. Low terraces:
a) Low terrace north of Hotchkiss Hellow;boulders an inch
or more in size
58 siltstones
8 cherts
4 vein quarts
e
2 quartzites
2 granites
I gneiss
2 red porphery
Total 7I (II crystalines, 60 sedimentaries)
2. High terraces
a) Warren pit
8 chert
S red Medina sandstone
I8 siltstones
9 shales

3 vein quartz

2 gneisses ‘
~ See f—‘,3 7 4“11,‘,' Fhst  prrth —n R s evia



2 granites
total 49 (7 crystalines, 40 sedimentaries)
b) Steamburg
68 miscellaneous sediments
I1 red sandstones
I8 cheris
I0 miscellaneous igneous
Total IOI (IO igneous,91 sediments)
¢) Pit east of Red House |
14 cherts
IO fossilifer us sediments
II red sandstones
5 crystalines
total 40 ( 5 ignous,35 sediments)

From the numerical studies little can be gathered,as the pro

portion of crystalines varies with the locality.At Steamburg the per-
centage and the size of the crystalines seems greater probably due to
its proximity to the ice front.In general the chert content seems much
higher in the high terraces.This was the only striking fact revealed and

it is probably due to weathering that the chert is so abundant.

Detailed studies of the Correlatién of the igneous rocks

Detailed studies of the rocks were a great disappointment‘as far
as correlation goes.WB had hoped to show by the rock studies that cer-
tainrocks were peculiar po high terraces,certain to low,and thus try
to show the direction of the ice movement;distinguishing if possible
two separate flows.Laboratoey sturies of the crystalines showed that
all could be cerrelated-high and low terraces alike as for example

I. a fine grained basic structure with a pencil structure-

low terrace at Red House and high terrace at Allegany
2. diorite Steamburg high and Allegany high

3. pink banded gneiss Steamburg and Olean Creek high terraces



Following the Great Valley Creek northwardfrom Salamanca,and
Wrights Creek eastward to the Humphrey section,one does not find
definite evidence of gravel on the hilltops.Had there been terrace
gravels here.we could have attributed the terraces of the Salamanca
and Olean areas to a different ice advance as these are too high

and too far from the Steamburg moraine to be outwash.

Physiographic studies and their evidence:

About one mile from Steamburg(west) a smaller vailey opens
into the main valley which immediately attracts attention because
of its V shaped gorgé,The surrounding valleys are brocad and flat.
We followed this ravine to near the Corbett SchodlHill region.The
gorge is undeniably younger than the nearby valleys,but it lacked
cliffs and rock outcrops which usually distinguish a very youthful
valley.It 13/96/ mature enough to be attributed to a stage of inter-
glacial erosion.'his bit of evidence once more substantiates our
theory that two stages of glaciation,not one,are responsible for
the major topographic forms of this region including theterraces.
The high terraces are due proabaly to an;eérlier advance of the
ice than the last Wisconsin represented at Steamburg.

At Big Bend,there is a gorge cut by the now south flow-
ing Allegheny River.South of Big Eend,the valleyis narrow and deepf'
North of Big Bend the valley widens condiderably to become flat
bottomed and broadfg;illings in the rock floor are claimed by
Leverett to have been evidence that the rock floor slopes to the
north whereas the present level 6f the river flowing over glacial
filling slopes to the south.These and other eviédences of of pre-
glacial drainage such as the northward outlet to Lake Erie of the
Allegheny River through the Cassadaga-Chautauqua Lake region be-

speak reversal of drainage from north flowing to south flowing.

The valley at Big Bend is too mature to have been formed since
& e i
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the latest Wisconsin advance.This reversal of drainage must have
occurred before this time and thus have been due to at least A pre-
vious advance of the ice,to which we may cerrelate the high terraces.
In substantiation of this, there are terraces of the latest Wiéconsin
drift south of Big Bend where hhe reversal took place.

In ghe Tionesta Valley south of Warren, thereare remnants
of outwash terraces at a level comparable to the high terrzces of the
upper valley. Waters from an ice front must have washed down this
valley despite the fact that the channel of this discharge stands 225
feet above the present level of the water.This again postulates a pre-
vious ice advance,a lobe of which may have stood in the val.ley at
Warren,and may have retreated from there,though we find nothing
which wks definitely glacial deposit south of Russell.

At Steamburg the terminal moraine of the last Wisconsin
advance is distinctly present;this moraine is badly weathered and

postulates a previous ice advance.

Interpretation

*

In light of the foregoing evidence,we concluded that,as tthe
high terraces are too high to be outwash from the Steamburg moraine,"
these are deeply eroded terraces remnants of a previous ice advance.
fhe weathering in the terraces proper substantiates this.

The age of the former sheet or sheets we could not deter-
mine other than southof Big Bend it is Prelast Wisconsin judging
from its distribution and weathered condition.Butts attributes this
last moraine to post Kansan,but in a locality where so iittle is
exﬁosed, these things are but conjecture.

In reconstructing the glacial history of this region,it is
our belief that the following took place.

An early pre-Wisconsin ice,advance,drift of which is represented hear
Warren by terraces in the Tionesta Valley.It is possible that the

1]

outwash from this advance caused the stream tb chnge its direction.



A pre-Wisconsin or early Wisconsin ice advance represent d by the
moraine at Russell which can be traced north as far as Steamburg.
It is most probable that the high terraces belong to this advance
and that the interglacial gorge west of Steamburg was formed be-
tween this and the Steamburg terminal moraine advance.

Last Wisconsin advance represented by the moraine at Steamburg, the
outwash of which formed the basis for the present lower terraces.
Post glacial erosion and bhhe formation of the terraces due to the
increased corroding and eroding power of the Allegheny during high
water times such as melting ice periods.

The extent of the glacial advances could not be ac-
curately determined because so much of the topography is covered
with heavy vegetation.There is apparently no difference in the nature
of the foreign rock in the outwash terraces.The dircction of the ice
advance could not be determined either as all the rocks seemto be
those of the Erian advance-the crystalines being derived mainly

from Canada.

Conclusions
e

We believe that the terraces of the upper Allegheny river
represent the river eroded remnants of glacial outwash plains of
two distinct ages,the low terraces derived from the latest Wiscon-
sin advance represented by the terminal at Steamburg,and the high
from an early or pre-Wisconsin advance represented by the drift of

the hilltops near Warren.
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