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OUTLINE OF GLACIAL GIOLOGY

) L L Thwaites; Department of Geoology, University of Wisconsin
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DISCOVERY AND TVIDENCZ OF PLEI1STOCZINE GLACIATION

. Glacial depes¥te first attracted attention because they
contain rocks unlike the adjacent bed rock; as these evidently had been
¢ransported from distant localities the deposits wemo called "drift". Tais
term has survived to the present day as one which includes all deposits
directly ar indirectly due to gleciztion. The term "diluviam" was also used.

axr £ . Different early meolonists ascribed the drift to
transportetion by (2] tiloods, {b) grect waves, emd {c} 1ee bersgs In standing
water; sottempts were made to harmonize the facts with the 3iblical flood.
These theories in sll asuming 2 submergance show the influence of the early
study of marine desosits.

Glacisal th . The sglzciel theory of Agassiz was first applied in this
country by Hitchcock in 1841 but was later retracted ss the “Hhenomena differ-
ed from those in the Alws where the theory had been first evolved. In 1863
Dena nublished the glscirl exnlanation in his "Menurl of Geology" since when
it has been scceoted by 211 save ¢ few cranks.

fundament haracteristics of the drift. The agent which transnorted
the drift was zble to (2) cerry #nd dewosit material without regerd to size
or weight, (b) move larme stones for hundreds of miles, (c) remove the normal
residusl soils =nd weathered surfzce of the bed rock, (d) »lane, striate,
and polish both bed rock snd transworted stones, (e) lesve denosits which ter-
minzte alon~ ¢ line of considerable relief which could not »ossibly be qxplain-
ed as & deformed shore lins even with subsequent wsrping, (f) be directed by
the position of the lsrger lowlends, (2) in some »leces fill up lowlands &nd
in other nlaces avoid or leave omen commeratively low tracts, (h) produce a
deposit in large pert the result of mechsnicel forces alone, (i) lesve n
irreguler constructionsl topograshy with inclosed basins, { j) meks bssins in
the surfzce of the bed rock, {k] account for the presence of water in quantities
end in locations where such is now impossible snd (1) elevete materizl to con-
sidercble heights above its source. Glacial ice of cantinental extent alone
answers these conditions.
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CINTERS OF DI3PIRSION.

How Enowmn. The centers of dispersion of Jleistocene glaciers are known
.- by (a) radiatine stree, (b) radizting trenswortction of stones, (c) concentric
distribution of términel morsines, (d) commerison -7ith wresent conditions in
Greenlend and Antarctica.

Location. Glacial centers were located in {(z) Greenland, (b) Newfoundlend
(e¢) Labrador, (d) the relatively low tract west of udson 3ay (Keewatin centor
(e) the Heisnt’ of land north of Lcke Superior (Potricizn center), (f£) the
northern mountrins of the Cordillers, (g) = number of mountcin reanses szs far
south cs Arizonz, Inowledze in Ceneda is still immerfect oving to the uninhe -
ited ncture of the countrv cnd the fret thst 7eoloziccl surveys hecve been mede
wrimarily for other wurposes.

Time of Occunetion. During the lest or Jisconsin stcee of glecistion
there cen herdly be any question thet the certers were occupisd essentially
simulteneously but ovinions have varied eswaclallv in the ccse of the earlier
steges from (o) contemaersneous mexime to (b) vrozressive maxime from both
east to west cnd west to sest. Survivel of clecisrs in Zreshlend cnd climetic
considerctions rcther fovor ¢ arowth from ecst to west ot leest in the eastern
vert of Ccnade but the question is best 1aft open until more dste has been
collected.
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STRIAE AND ASSOCIATED PHENOMZNA

Dofinition. Strize zre scrztches produced by glecizl cction on both bed
rock and tronsported stones; &ssocizted nhonomens zrc gouges, nolishing/
fcecting .@f stones, end chztter morks. :

uti Strize cre found (z) on £11 kinds of rocks but mesinly on
soft veristies, (b) on £11 kinds of surfzces, level, sloning in sll directions
with refercnce to the direction of ice flow, cven verticsl £nd overhenging,
(e) on loose stones in the drift, (d) on bowlder »cvements, (2] in all parts
of the mlacizt=d czrec where conditions of prosarvetion wore fewsrsble. On the
wholc,strize cre best found on surfzces oxposed to the brunt of the ice and
where proserved by ¢ covoring of drift., Chettoer merks sre found mainly on
brittle rock like quertzito.

Origin. Strize wore csused by (z) stones in the bottom of the ice, (B)
grzins of send znd smcll pebbles czusght between lorge stones snd the bed rock,
and (c) shecring between layors of ice czusing stones to rub within the glzcier.
Polishing wes duc to rock flour znd clsy &t the bottom of thc ice. Lirge
gouges were meinly due to lonz continued cbrasion of pre-existine grooves in
the surfasce of the bed rock or of lines of weak rock. Scratching stomped when
(¢) cutting stonc wss —orn out or broken up, {b) stone rotsted to ¢ smooth fezcc,
(e) the icc yioclded instezd of the rock znd pressure wes reduced, (d) ths
overriding stone s removed by ice motion. New tools were constzntly supvlizd
by (a) rotetion of now fzces of stones, (b) loworing of stones by melting, (c)
fzlling of stones down creveasses, {d] tearine off of frogments of the bed rock,
znd {e) sha rine foti~r —withim th-. ic i Chatter mi¥ks ®re’coused by percussion
of stones held loosely by the icc. <Crescentic crecks formed behind the blow
where there wcs ¢ tonsionzl strein, excent in the case of 2 very wowerful Wlow
when the crack formed sll zround the point of impacts J

Time of Fgrmsgjgg, Most observed strisc werc form=2d by the last movement
of the ice in thz=t"sres4 this is cspecizlly true on hilltons 2nd on slightly
covered ledges. Strize of older glecizl steges czn be found (2) in shalter of
protecting ledees where ice direcetion later cheznsed and (b) where deeply buricd
under the older drift. Great caere should be used in ascribing any strize to
an older ice invasion than thz lcgt , particularly in th: case of striae .
on the'sam. 135 -hich win in di7fsrent directions (crossing strize). It
would hzve tzkcn too deliczte 2 bzlance between deposition znd erosion to assign
such to glsciztions sevcrated by zn interglecial interval. The phonomenz sre
adequately exnlsined by normel chonges in the growth and wssting of an ice sheet:
{al motion of the ice normal to its border bringing sbout chsnges in direction
£t any 7iven voint as the nosition of the border moved, (b) cheneos in the
relctive strensth of the difforent centers of accumulstion, (c¢) loccl veristions
in rate of wastaqe of the ice causing chenge in direction of motion =zt = given
noint, (d) chenqes in icc thickness causing varistion in relstive zmount of
control of flow by towogrevhy, (e) chepsges in flow duc to erosion of obstructions
or to dewosition of drift, These phenomens are most morked in tracts where two
lobes z2buted. :

Fzaceted Stones. While glacizl abrasion wezpys flat fcces on stones it is
well to romember thst mony observed focets mcy heve been bedding plenes or
joints in the origincl rock. Fzaceting is Hest develowed o= previously water-
worn stones. Strice zre occasionally found on subsequehtly weter-treansported
stones,
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. D n ic a = The direction.in which the
igo moved in forming zny given strise mey be ascertained by (2) abrasion of
the exposed or stoss sides of lerge or smell vrojections on the bed rock
eslled roche moatonees, (b) U-shaped arooves sround herd swots in the rock
with onen end pointing in direction of movemznt, (c) arecter obrcsion of fr
sides of cevities in surfece of the bed rock, (d] chi-ming of crossed strisc
side towerd ice source, (e¢) pluckine on reer or lee sides of vrominences,

(f) sudden endine nr dividing of strise in direction of ice movement, tnd

(2) chatter marke. which generslly have convex @ide towsrd source of the ice.

Other Seratcheg. Glecizl strise mey be confused with (a) slickensides,
(b) work of silt-leden weter, (c) icebers scratches, (d) some forms of wind
work, (¢) lcndslide scratches, &nd (f) srtificisl scratches. Slickensides
are found in distZirbed rocks, extend down into the bed rock, are finer,
ganerclly rouacher znd more fraycd, end &re more exactly merallel, 2nd in msny
cesos cre -ssocicted with rock flowage and secondsry platy minerals. Shearing
hes often produced scratches on botn pebbles end zdjccent rocks of conolomerates
¢nd evidence of sncient glsciction besed on such zlone should be roceived with
ccation. While gravel-lcden streems only pdilish, silt-lzden weters ccn produce
sarfcees ~hich somewhit resemble those due to glzciation, pzrticularly ~here
therec ere smell hard soots in the rock; the scrotches cre not deev and cre
psrellel to river coarses cnd associcted with stream deposits. Ice in streams
loeclly wroduces scrstches. Icebers scratches are zig-zag, irregular, and
discontinaoas. Shore icc locclly scratches the rocks of beaches. “here the
wind is constent in dircetion short e¢h~vpy indentctions mey resalt. Scrotches
dac to cree» cnd to landslides ere eoxplein: ble by the tovogr:zhy znd the
derivition of the meterizls. JArtificizl scritches sre due mcinly to rozd
grcdine, stri-ning with scraners, cultivetion, and use of sleds; freshness,
perellelism to rocds cnd furroughs, end relstinn to disturbed soils serve to
distingiish.

Field Joints. Striae mcy be found on £11 firm bed rocks where they cre
or hrve recently been covered by soil or drift. Where there cre no rccent
exposures one mast dig. Crrry = smcll broom, or if soil is very hervy, ©
sponge ‘nd wrter., Use ¢ comwess to resd the direction of the strire; it is
best to sight clong the linew rcther them to lcv the comprss on the rock.
Berd the direction in which the ice moved. Be sure yon recd the north end of t
needle, plrt cooroxim tely on the mrp, :nd record if becrinsg is true to
mrgnetic. Look for znd describe rs meny evidences ¢s 7ou cfn find to demonstrots
the direction of motion ~long the strize, even if ¢t the time this ropwerrs
obvions. Fsilurc to do this, or to sezrch for strize, is »rime freie evidenco
of ccreless work. Remember thct while strice on bed rock cre conclasive
evidence of ¢lc aiution, vo1 mast elimincte the possibilitw of cnother mode of
orizine. -
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GLACIML TEROSION

Theoreticrl. The subject of glrcirl srosion s becn much deboted.

Inismach ¢s ¢ glreier is ¢ moving bodv vwrovided with tools it is cemable of
casing erosion; the only nwossible difference of ovwinion is the rel-tive
efficiency of wrter cnd ice erosion. & glreier hrs r grester width rnd
depth rnd ¢ less sweaed thrn & river cerryine off the s'me ~mount of precivitre
tion. Ice thercforec works over ¢ rider srer with gre-ter wressure, ‘nd on

- lower bsrse level then would eqiivelent strecms. The totrl cmount of enersy
is the scme but losses from interntl friction zre vrobrbly grecter in the
glreicr. Low temmerctare and scturction with cold wrter of the groand bo-
nerth ¢ glceier zre fretors verv anfrvorrble to chemicrl werthering, Glreiers
hold their tools somewhrt more firmly than do rivers; they work by grinding
tnd nolishing with some terring £nd vlowineg rother then by rolling cne
erashing ¢s do rivers. The interntl hert of the ecrth is generrlly too
gre: t for freczing of the ice to the ground bhut £n irregul-r mrss of loose
mterirl mr 7 rerdily be nlowed up by 2 mlecier,

| o ] T following rre wroofs of
more or less gl:cicl erosion: (z) the genei-rl..ﬁ_bsoncc of rosidurl soil ond
wer thercd bed rock benesth the drift in most glrcirted recions, (b} sgr-tch-
ing rnd polishing of bed rock, (e¢) vlucking, (d)} distapbed loose roek ond
i»t £t {e] bowlders of drift rnd grovel, (f) rock flour vprodiced by qlreirl
arinding, {g) the lcrge proportion of the drift mmde by mechrnicrl forces
from fresh bed rock, roche moitonees or ice worn hills mrny with long ~x%s
wrrllel to the dircction of ice movement, (h) rock brsins, (i) smooth ™7
oitlines of cscermwments, rnd (j) rcrity of coves in  glcocisted regions. In
rddition, moantein glsciers show fiords deever thrm the continentcl shelf,

W nging vridlers, cirgues, cnd U-shrmed vrlleys.
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Objections to glscial erosion. The followinz observations mey be
urged as ohjections to ungqualified accentance of zlacicl erosion as 2 maj

agent: (u) =zlaciers hrve overridden uncondolidated devosits for scores of mi -
without disrunting them except vhere the uvper surfuce —as irrequlrr, (b) th
preglacial soil was not everywhere removed nor is the ummer surface of the
bed rock everywhere sound, (¢) not 211 rock vallevs narallel to the direction
of ice movement are different from those which =re not, (d) not 211 rock hill.
were sheped by the ice ©nd some ®nparent cases demonstrrbly due to drift
ceccumalition =nd not to srosion, (e) mrny dee® 4ckes cre cortcinly not in rons
bcsins, (f) sccumulction of excessive cmounts of drift in ths hoscl iee would
ccuse shecring over the suvsrchergad portion, rnd (g) rouzh towogre»hy -sould
t1lso czuse sherring ovor the stagnent basal portion of the ice. In making
comnarisons with unglaciate? regions care must be taken thet the meterisls

and other conditions ere the same, for instence absence of cczves mev reslly ho
due to difference in neture of the limestone rather then to glscizl erosion.
In the case of mountzin glezciers some festures &re onen to question because
the mc terizls £re not oven for insvection as for instence in the case of sub-
mer7ed henging velleys; meny so-cslled heneing vellevs mev be larae cirques
vhich never were zccordent -with the mesin vallev. :

Conclusion., Meny of the foregoing objections mecv be 2ccounted for bv
either (2) thinness of the ice, (b) srotection in lee of hills, (c) stagnation
of besal ice, or (d) relstive brevity of ice occuwstion. The reverse of these
conditions were necessary for a meximum of gloecial erosion, On the whole, it
is clear th t neither extreme view is tensble but that glecisl erosion is 2
fector to be reckoned with wherever thick ice had ¢ free flow for 2 long time.
The best studied examples in the United States cre (a) the Fineer L.kes in
¥ew York end (b) the Grest Likes.

(¢) The Finger Lgkes. The Finger Lekes of western New York occuny

deen velleys in the north edge of the Zomalschian »latecu. These vellavs are
remcrkehle for their straighthess, length, steen sides, £nd denth of necrly
2000 fe=t; ths bottoms of some of the laskes cre bslow sea level, but are not
lower then the bottom of Lcke Ontario ¢o the north. There ore hanzing tribu-
tery velleys with smzll drift-filled@ngtches in their rock floors. Tuese
feetures hcve bhean explained ¢s due to glzcisl erosion induced by concentri-—
tion of flow in these vallevs, with interglscicl erosion of ths bottoms of

the tributeries. 3at it hes becn shown thet (z2) the lakes cre not certainly
in rock bzsins for there is over 1080 feet of drift at the hezd of one of the
lckes, (b) some of the cliffs were formed by normal subsericl erosion snd not
by glscizl erosion, (¢) slscisl erosion wes vary weok on the sdjscent uplends,
cnd (4) no lobes were form=d south of ths lzkas £s would heve been hzd the

ice motion been vorv much more repid in the vallsvs thzn on the unlends. If
present glzcicl erosion must heve hzd ¢ sherv uvper limit cnd hcve been more
active in pre-Wisconsin then during Jisconsin time. The sccond of thesc is for
the more difficult to exnlain for there seems little recson to aseribe more
power to £ less extensive ice advence. It hes been sugensted thrt the

Acngine velleys wers due to stresm reversecls in wreglccicl time from south to
north flowinz draincge. The question is therofore still owen.

(b) The Great Lekos, RBelstion to Geoloov, Tho Groct Lakns lie in

lowlcnds due to weck rocks betesn and 2t the foot of the cusstes of the Contr:

lzin. Thev ctn be divided into the followine soriss: (- cke, Suporior on
apgwacnswen £ nd Combrisn shiles £nd stn&s%onos LIRS fSOQ %T the ﬁbgnesisn

cusste, £nd extending into the wre-Cembricn to the Jsst,
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») the moin yert of Leke Huron, Lekss Michiern, ¥rio, Menitobe, ond “Vinngpegos:
o~ Dovonicn sheles cnd sholey limestones znd Siluricn sclt ¢nd gypsum beds at the
.ot of ths Onondsea znd Dundze cucstss, (c¢)] Leéke Ontirio, Georgisn 3ry, Green
3w, end Leke Jinnebzeo on Ordovicien shrles ¢t th2 foot of the Niagera cuestc,
:né (d) Leke 7innepeg on Ordovicicn sendstone £t the foot of a cuestz. None
of the lskes 1ins in =& devprcssion duc solsly to ecrth movements; th2 Leoke
Surerior symeline cnd its zssocicted rift velley were once filled with monoclinel
sodiments.

Relc tion to glecicd Movement. Lskes Sujerior, Michigrn, Jinnebogo,
“he Cenediren li:kes, nd Srie w 2 treversed longitvdinelly by the ice; the othois
sore =1l crossed by the glcciers. Not only the lake bzsins themselves, but the
cegoeictad lowlinds ¢nd cuestcs of the entire region hed ¢ »rofound influence on
the flow of the ice esmecizllw durinz ths Jisconsin stoge when ths ice shset wis
thinner ¢s well c¢s less extensive thrn ezrlier in the Pleistocene, thus b2ing
more resdilv influenced bhv the tonogrsnhwv,

Shone of 3csins., /ith thoe excentions of Brie and the Cencdian lokes,
the bottoms of £11 the Grest Lekes are below szes level, but the bssins are so
brosd tnd flot bottomed (severcl hundred times s -wvide cs decn ) that they hrve
no resemblence to U-shened vellevs. Aoparent hanging velleys are oven to
question on account of léck of knowledse of the rock tomogranhv.

Relction to nreglegicl vollevys. Well raecords fcil to show zny wide
nreglecicl valleys lescdine out of the lzke besins; for iastrnce, an outlet to t
Like Sunerior besin wvould hove to be 1000 to 1200 feet dien cnd only two miles
ride. The only 7ossible outlet to Leke Ontario is through the Dundss valley to
like Sric tnd thence southwest ceross Ohio where no deen ®ulley is knovn. There
'3 no 70ssible southern outlet to the Lcoke Michigen brsin. Althoush »robebly
Azewly drift covared, the bottoms of the lakes zre fezr deeper them the rock floox
of the Mississivni viélley. On the other hend, the very deep vellews st Black
Creek cnd Brillion, Visconsin ¢énd the dezn gorge of Hudson Rivar saggest thet
there mey be undiscovered desm wreglzeicl velleyvs, end thet the lcke besins ars
not roeck bound. If so, it is difficult to explcin why the outlets are so nerrow
£s to have esciped detocction. The post-glcelsl unlift of the region northeast
o thoe lckes is 2l1so & confusine fector. Tstimztoes of the cmount of drift removed
from the bssins cre virtuclly worthless.

Lopelusions It is copirent thot the leke bisins could net heve been
ccused by strzoms clone for thev c¢re not ¢t £11 in hcrmony with the vreglzeicl
fectures alsswhere clong the scme belts of rocks cnd sre so dze” comwerad with
zdjaecent wregloeicl vwezllevs, but whether slacizl:grosion zlone, or nor thescsterrd »
nolift a2lone, or & combinction of the two, exnleins the diffecences is not &t cll
clecr. Tho besins must have been weglzcicl lowlinds due primsrily to weck rocks
end with bottoms nezrer to sec level then to nresent lske levzls. Thet some lokes
wore crossed <t right zngles docs not exelude =glscial crosion simce the bssins cre
30 wide. 1t scems to bc well estcblished thet elceifl erision did hove something
to do with their formstion.
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DRAIN/GS CH/NGTS DUT TO GL/CIATION

Genercl. Viewed bro.dly, the gl:ici-1 drift isarelatively thin m ntle,
thickest in the lowl nds, thinnest on highl:nds, :nd rirely forming in it-
self very lirge hills, T/here the arift covercd z rock surfrce of low relief
the net result ves in miny pliees on increised reliof; in regions where the
pregl.ci: 1 hills were higher th n the cver:ge thickness of the drift the
opposite w5 clvmys truec. £&n immort - nt factor 1s the chrriocter of the drift;
stony drifts m-de rugeoed hills -hile el:yew drift formed »nl-ins ~nd smooth,
gontle hills. Outside the glacictsd .rer. the volleys swore filled with out-
vosh cnd their tributcries cggroded to meet the now conditions. Changes in
draingge resulting from the deposition of the drift ronge from complete
oblitorution of the old driinige lines to loca:l diversions of streasms zgainst
the sides of their old villeys or (.cross divides into other vclleys. ‘here
& plain wis 12ft by the ice the gre: tor .mount of scttling over the vreglicial
villeys thrn vhere the drift wos thinner on »reglicicl uplonds coused the
guite gener:1l reoccumn tion of the older lines of drainage. The problem of
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drcincge chenges is bound u» <vith the determinc tion of the »reglceicl topog-
rcohy vhich mey in genercl be “ssumed to be the surfrce of the bed rock.

This involves cn error of rel:ztively smoll megnitude since in few crers doas
cny considercble mrt of the solid bed rock se-m to hsve been removed by gla =
ci:1 erosion,

Menning pregleeisl towmagroinhy. Mepning the bed rock surfece of a

region requires collection of {(-) locetions cnd elevetions of rock outerons;
(b) locztions c¢nd elevetions of wells of which = log mey be obteined, 2nd (ec)
dzt2 on the vrobrble origin of tonogrzvhic forms in order to disceriminste be-
tween drift ond rock-cored hills. In some regions the courses of wregleciel
villeyskpe evident from the vresent tomogrzmhy. Drift hills sre in genercl
smzller cnd less regulcr in form then cre drift veneered rock hills; some
glceicl forms, like drumlins, cre evident &t once but moreinic hills mey be &
very thin covering over c&n older tovogrznhy. In genersl, the vrincipsl eleve-
tions zre likely to be rock-cored. After collection of the foregoing date

the elevctions of the rock surfrce cre pletted on the mcv including the eleve-
tions of the bottoms of wells thctt do not rez€h rock,zs these sre vclusble
negetive evidence. Jith ¢ knowledge not only of erosion forms, but of the
effect of different kinds of rocks upon them, contours should be drawn on the
bed rock surfece using zn intervel suited not only to scale end refief but to
the fullness of the datz. The ltrgest single mep of this cherceter is thet of
southezstern Wisconsin by Llden.

Dreinase chenses in the young drift. ' The drzinege of the young or

Tisconsin drift eree is very imme ture; 1lckes =nd swemps cbound =nd excent
where conditions were very fovoreble,postglecinrl erosion hes cccomwlished

very little. Leke besins my be clossified cs (7)) preglrcirl velleys irreg-
ulsrly blocked with either termincl or ground mor:sine, (b) kettle holes ccused
by melting of blocks of ice buried in the drift. (¢} velleys blocked by grect-
or cmount of outwesh in ¢ connccting velley, (4§ due to irregulsr scour by
glecizl streoms, (e) due to differentiel glacicl erosion meinly on crecs of
weck rock or deenly disintegrcted rock, ond (f) unclessified irregulcrities

of glcoeicl denosition. Meny mershes were once shrllow lckes cnd still pre-
serve thelr shorefectures, PFrlls =nd renids, either over bed fock or bowlders,
cre choarecteristic of the strecms of the young drift.

; cinege chrpoes in the older drift. In the srecs of older o pe-
Wisconsin drift, mostelceicl cerosion is merked snd hos clmost everywhere drain-
ed the lckes ond mcny of the m-rshes end locslly has destroyed £11 vestiges

of the origincl drift topogrcohy. Where drainege coincided with oreglreicl
volleys they hove been re-exccvited fnd where streams were sumnerimmposed on
rock ridges relctively norrow gorges heve been formed, fectures in shorn con-
trecst with the more moture nreglceisl forms, Tihae sbundance of such diversions
is en index of the origincl denth of drift in the region.
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BOWLDWR TRaINS

Definition., A bowldor train is. tho debris sproad out from a partic-
ular rock arca by glacial action,

Doscription. a bowldur truin.is fan-shaped, has its apox at the
source of the matorial, and cxtonds-out in the direction of glacial movu-
ment. The bowlaurs bueom: smaller and make up a lesser portion of thu
drift with incresing distancc of trassportation. The fan shape is the
natural consoquuace of variution in the diroection of glacicl flow during
growth and wastege of tho ice sheet; it is similar to the case of crosalng
striac. Too far—rauchlng conclusions—tannot be drawn -from this normal’
phenomenon until othor possibilitics than sepurute stages of ice advunco
have beun climinated, The smaller stones may have beun tronsported by
water for a portign.or all of their journvy, Cpre must bo token that
(a) there arc no far~trevellod stones of tho same kind in tho drift,

(b) that the stones of the train arc properly identificd, and (¢) that
the drift dous not conceal lodges of the samo kind of rock at other points
than at the apox of tho-fan.
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GL..CI.L TR JBPORT..LTON

Goneral. lintoricl iwas trunsported (a) on top of the icse or super-
glacially, (b) in the icc or unglacizlly, and V¢) under tho ice or sub-
glocially. In tho continental glaciers the first was opurative only
(a) ncar nunatucks and (b) noar tic murgin where englagicl debris melted
out of the ice and covered tuc surfuce. Drift tonds to move downwzrd in
a glacier by (o) falling down crevasscs, zad (b) burial by snow, Small
particlus which c..a be wrrned through by the sun melt down into tac icce
but large stoncs or thick accumulctions of drift tond to protect from
the sun. Subglacial matorial becomus onglacial and onglacial drift riscs
bocausc of shuzr in the ice over the basal portion a process largly ip-~
duced by oxcessive dobris in the basal icc which causcs loss of plasticity
end hoence stognation., This shenring causoed the striation of somestonus.
Not all anglacial drift camec from thc bottom by this muans but was picked
up from hills crossod by thc ico. It is oftun said that glaciors differ
from rivers inb cing ablc to cleovate material cbove its source but this
is duc sololy to tho groot thicknuss of glaciurs which causes upward cur-
rents induccd by botcom irrcgularitics to be murc conspicious in their
cffects than is the casc with rivers.

How the ico obtained its load. Tho ice obtuined its lozd by (a)
plucking out of blocks of rock, (b) abrasion of rock by matcrial in the
ice, and (c) fre.zing to soil and loosc rocks. Plowing up the the ground
was doubtless rarc oxcupt where meterial loy cgeinst the icc face or
had & vury irregular topogruphy. Greot massvs of gravel, probably frozen
whaon tr:nsported, aore comaon in the drift; masses of clay and till ary
probably prescnt but cro not so readilly distinguished.

Zonus of glacial sction. Noar the conters of ice accumulction the
ice pickced up much more drift thon it dopositoed; this was the zone of
drift accumulation. oar the glacizl boundary the ice left moro than
it picked up thurc making the zonc of drift deposition. at no place,
however, did the glacicr fuil to pick up some locul material althougn

near tthe margin it did override much loosc material. It is not possible
for glacial drift deposits to have a distinetive assortwment of pebblos
save where the ice cams from differont directions. The idea that glacial
drift doposits of differnt ages had distinctive lithologic charactoers
is erronious.

Local origin of drift, ‘Vhilec it is the far-truveled stoncs of the
drift which attroct much nttention tho greater portion of the detorminea®le
materiel was not corried very far, This was due to (a) spreading out
of the ice away from the conters of zccumulation, (b) deposition of
moany stonos along the routs of tronsportation, (c¢) wearing out cond dis-
ruption of some of tho fur-tr.velod sstones, (d) origin of some of the ice
away from the cunters, (c) the rolativly soft rocks south of the crystal~
ine «reas vherc the icc accunuleted which woro readilly picked up.

In the northern United States exgept in northorn «isconsin, lMichigen,
Minngsota, “ow York, and all of ow kngland which contain erystalline
rocks, therc is 2 sharp contrast™botwoun the foer-tr.vcled Cinadian rocks
and the local sedimonterius. Here the cxistance of glaciad tronsportation
is most ovidents WMost of the large bowlders of this region are of Canadien
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crystalline rocks. JAttompts hwve boun mads to show that thosc bowlduers
traveled high in the icu and were thorefore not disrupted. It is moro
plasusible t5 supposc that they owe their mg size simply to thoir hard-
ness and tho rarity of joint planvs as comparcd with nost sedimuntary
rocks.
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GL..GI.L DWPOSITS---TILL

Definition. Till is unstratified cnd uncssorted glocicl drift
with partjcles runging.from clay to bowlders wany feet in dizmeter,
The tern _bowlder clay- as synomemous with t.ill is inappliccble to aeny

regions . .mdis virtually obsolete.

Material, On account of the locszl origin of glaciald.rift the
character of gltcial till depends on the churucter of the adjacent bed
rock. Clay till is found in shale regions or where lcke % clays were
overridden; in sandstunc regions the $ill is sandy, and in limestone and
crystalline rock districts the drift is very stony. Stricted ond faceted
stones arc characteristic of till but water-worn shapes cre not uncomuon
having been derived from overriden grovels mnd frow conglomerates.
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Bowlders arc murv coaspicious oa the surfoce than within the till; this is
nainly duc to concuntrotion by orosion of the finer watoerials.

Structure. %hilc most tills ure entirly destitute of structure
or stritificotion there arc excoptions. Thuse arc: (a) sucessive layers
of slightly diffcrunt coupositi8n deposited under varying conditions,
(b) pressur¢ leminotion which is best dovoloped in clay tills and which
extonds around stoncs, and (c) contortod semi-laninction due to mud aval-
anchus while the drift was still wot.

Similur doposits., The followiag nmutoricls uay be mistaken for $ill:
(a) bowlder beds or bowlder pavemoats formed by concuntretion of stonus
through ruin, strouan, ond wave crosion, (b) coarse, ill-assorted, poorly
stratificd gravoels, mainly those associated with teridinal moraiacs, (c)
gravels with icu-riftod bowlders, (d) luke cluys with ice-rafted bowlders;
thesc clays arc laninoted below the zone of wonthoring, (o) weathered
ond sluuped grivels in which stratific.tion has beun obscurcd and with
which in somc cases louss has buun ningled, and (f) tolus and residual
deposits. A very comuun crror is to describe the wuatherud surface of
gravels ps till. The cbsoence of cithoer und of the serics of different
sizvs of matericl is always strongly suggestive that the deposit in ques-
tion is not till. ' If tho maturicl lecks clay und rock flour it certednly
is not till. Prcsence of stricted bud rock bonocth a deposit is conclusive
ovidence thuat it is tili.

Ficld and officc study. Counts of not luss than 100 pcbbles sul-
octed at random arc a valusble moans of deturuining the source of the
drift ond therofore of choecking the dircction of movement of the ice.
Such counts requirc thet the bulk of the pobbles be of rocks whose out-
crop arcae is known. In huavilly drift-covervd areas or where the rock
goology is iupuriuctly known pebble counts are of little valuce., Results
diffor with difforunt sizos of material for pobbles fail to account for
friable rocks like sandstono znd shale, +t seuns best to take pebbles
of from one to threv inches in dizuacter. To determine the origin of the
finer constituents wechunicid analyses of the till aro neceded. A4 wet
process of separation is nocessay as the finer metoriels form aggregates.
Mochaniccl unalysces thus far published ore mainly of soils which have
boun mucn altercd by weathoring. anclyses arc capablo of yielding much
informetion as to the proportions of prouglacial rusidual meterial end
mechonicclly disrupted rock, Ground liunustone and feldspar flour indicute
the latter znd red or brown clays tie former. That so many tills are
gray or bluc below the zone of postglecicl oxidation is not a certain
indicction that they woro mainly derived from fresh rock for the color
hes doubtless beun changed by (z) ground wator action, and (b) reduction
by organic matter in tho drift.
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TaRuUINAL MOR.INZS

Definition. 4 terninal moraine is a deposit of drift which was formed
at the ma margin of a glacier,

Classificotion. Terminal moraines are classified as (a) true ter-
ninal moraines or "end moraines™ formed ai the maximum of a glecial advance,
(b) recessional morsines formed during the retreat of the ice margin
from its maxiuum extent, (c¢) land morzines, (d) weter-laid, kcme, or
delta morzines, and (e) interlobate moraines foried along the line of
juncture of two separate lobus. Gontinental glaciers, save where divided
into tongues in very rough topography, do not form lateral or medial
moraines. Terminal moraines are frequently spoken of simply 28 morainesi

Materigl. Terminal moruines consist of Qa) +ill, and (b) assorted
neterial (sand and grovel). lioraines of the sccond class are duscribed
under glacio-fluvial deposits but in most ccses there is intimate uingling
of the two classes in the saue moraine. Tho till of toruincl moruines
is somewhat more bowldery than the averoge; this is dueto stecp slopes (a)
where the bowlders are cxposed by slope wash, and ‘b) removal of finer
materisl by glaeial waters,

Topograophy. Ternminal moraines are ridges along the ice aargin aand
run norucl to the direction of icc motion. The course of a morcins swiags
outwerd frua the glacinl conter in low tracts where the ice was thick
and could flow frecly and in the ruversc directions on uplands which
s§plit thu icc. Such protrusions of the glacial boundary cre called glacial
lobes. Clay till moraines arc broad, relaotivly swuooth ridges with the
steopor side awty from the ice side, The maxiuun slope is only o few
degrecs., Stony or gravelly morcines have slopcs up to 25 degreus with
complox -short hills", winding interconnecting ridges, sharp knolls, and
many deprossions which contain lakes, ponds, -nd mershes. It is this
kind of topography which is wmost churacteristic of marginal deposits.

Conditions of origin, Terminal moraines were the dumping grounds
of the glaciers and the accunulated deposits werc never subjected to the
smoothing effect of ico passing over theum, Blocks of ice up to several
miles across worg isolated from the main body of the glacier ond buried
in the ternminal morcine. Later these melted and the drift fell in to
forn kettlc holes. This fact togothor with the wmelting of the main ico
body which supported drift against its face loft many slopes at tho angle
of repose for wet drift. The slides of drift are frequeantly called mud
avalanches. Stcep slopes once against the ice margin are spokcen of as
ice-contuct faces. Not 21l undrcined deproessions in a teriinal mor:ine
were causcd by uclting ice ausses; many wore causcd by (a) spaces botween
ridges formed at succssive minor retreats of the ice mergin, (b) irregular
settling of the drift, (c) slides of drift, (d) unclassified irrogulari-
tics of deposition. Tho amount of water assorted drift in a moraine was
determined by (a) the amount of stony and sundy materlal in the till
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which was availablc for concunirction by gloeciwl waters, and (b) tho
anount of wator presunt which was groalest where tic ice margin stood in
a lake or the sca. Tav stony till regions show much nore sand and grovel
than do clay till regions. Thore could have becn no such thing as a
"moraine~forning habit" which was posscsgédby cortain ice advances cnd
not by others. In order to be preserved moraines must have becn deposito!
cithor (a) at the maxiuum stend of thc ice front or (b) during the recess-
ion of the ice edge sincc marginal deposits made during the advince wers
overridden and destroyed. In order to forn a moruine of any condider-
able bulk the ico margin must have runained essontially in tho sane pleoc
for some tinme, probubly for a nuuber of years. Till morzines imply that
the ice was moving to bring up the netorial to the border; the material
of assorted morcines moy have beun in large part carried to the ice margi:
by glacial streams so that the glacier nay not always have becn in motion
to forn such dceposits. The maivgin of moving ico was kept stationary by
nelting oqual to the rote of motion; in the casc of stagnant icc the
condition was caused by lack of multing and could therforu not lust very
long., Recessional moraincs inply changes which produced halts in the
retreat of tho ice. Thesu were caused by (a) lowering of thu temperature
for a'certain lapse of time, (b) increasc of smowfall on the ice, (c)
rocession of thu icc margin to a point whore the ice was protected by
a range of hills, (d) retreat to wherc tho ice was thick in valloys,
and (o) im the casc of a submerged ice front retreat to a point where
the ico front was aground and bergs could not form so readilly as where
the ice was floating, ropid retrect followiag upon thinaing of the ice
s0 that it could float, In mony cases it is impossible to determine just
which onc of thuse causcs was operative but it is ovidont that chonges
in climate will not account for all recessional morcines. The bulk of
the mor.inc is proportioncitc to the dur.tion of the halt other things
being equal. Uany morcines forued during o bricf helt aro weak and
discontingous; this is particulcrly noticcble with kane and delta moraines
which were formed only where stroams lcft tho icoe. Tho extremc complex—
ity of intorlobotc maorszines is due (a) to thoir doublc character
for thoy are really two torainal morcines ndjoining, and (b) to tho
concontrotion of glacial draincge with formation of gravels.

Sinilar topography. On the basis of topography alone terminal
morzines might be confusud with (a) sand duncs, (b) gullied unconsolidated
matorial, (c) limestonc sinks or "korst topography", (d) landslide top-
ogrephy, (o) flood ploin topogrephy, and (f) pitted outwash. In most
of these the naturc of the ncterial is cnough to ncke distinction easy.
Gullics follow a definitc low and unless blocked by recent landslides
show no undrazined depressions; pitted outwash will bo discussed later.

Field mapping. The outer border of a terninal moraine is generally
a fairly definite linc which 5 is not difficult to map. Vhere the region
outside the morain¢ is unglacicted or thinly drift-covered, the mepping
is very simple bulin thoe cas¢ of rocessional rmoreines or o moraine
edjacent to a thick drift arca the problem is more difficult. The map
boundary should be dravn at the foot of the ridge wund not at tho cdge of
knobs and kettloes wherc such are j.~. present; the samc rulc zpplies to
the .inner border of o torminal mor.ince which is a much lcss regudar line.
In generzl, morzinic topography is distinguished by (2) linear trend normel
to tho ice movefiont, ond %b) comploexity of the smaller topgrophic feature
which display stevp sloposy undrzined depressions, and no rogularity of
summit levels. : :
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DRULILINS

Definition. 4 druilin is an oval hill conposud of till whose
lang oxis is oecontially perallel to the dirvetion of glacizal motion at
that point.

Topogrephice form. Typiecsl drunling arc several tines as long as
wido but there ars all voriations from nearly circular forms to very
long ridges sone of which have morc than one crust. Most drunlins have
the stoss or upstreau cnd quite stevp and the lev or downstrean end a
long tail but cexcoptions arc not uncommon. The sidus are steeper than the
nosc¢ reaccaing in many localitivs a slope of 20 dugrecvs. Drumlins soon
to be limited to a maximum heigth of about 200 feot and most are not over
100 feet. The groat majority aroe luss than half a mile in length although
a fow arc scveral milos long. There is overy gradation from small elongatu:
swells of drift to typical drumlins. Adjoining druamlins in neny cascs
conlesce into twin, triple, or en cchelon combinations; in places the
tail of onc drumlin forms a sholf along the side of the onc to the rear.
Ono largc crest uay branch into two or threc tails. uany druulins have
scalloped sides or crosts or both; some of thoe scallops are gullies but
others arec not.

Materiol. Drumlins arc virtually all till similer in composition
to the associcted drift; whore strotificd beds arc proscent they arc in
neny cascs foldod or disturbed. Rock cores are rarc but soau rock hills
have tails which rosenbloe drumlins; those aru toried "erag and tail or
"rocdrumlins". Banding and concontric la.dnation parallcl to the surfoce
is not uncomion; it is bost scen under proper woisture conditions.

Distribution, Drumlins are rclativly rzre. Thoy crs found in
parts of ¥isconsin, Michigan, Now York, Minnusota, Iowa, Ny dnglend,
Ircland, mnglond, Switzerland, and Gormany. Thoss of Towa core dauply
10d83—00vur 2d and woro chlled“puha“ by ieGee. Druumlins occur in belts
of o fow miles width which are roughly parcllel t¢ the terminel morcines.
Thoy occur mainly on plains and do not extcend within scveral miles of
the drift bordsr. Drumlins secm to bear little, if any, rolation to
_(a) kind of $ill, (b) kind of underlying rock, or (c) preglacial topog-
rephy. On the wnolv thoy are rare in both very stony and very clayey
drifts. They occur in rogions of vigorous ice movouont duc to shove
from behind and not to descending of 2 slope at thot point.

Relstion to other drift. Drumlins arc oldor than recossioncl morzincs,
kanvs, ocnd oskers gll of which bury thom and whosu locction they hove
in large part comtrollod. Drumlins occur in belts oach of which is a fow
miles in the rear of a rocossional morainc. Rcocessional morcines are
woakly developed in drumlin regions.

Origin. Thore are two rival thoorios of thu origin of druunlins;
(a) the destructional theory, and (b) the coastructioncl theory. (o)
The first view holds that drumlins ocre the iceo-worn rommants of overridden
moraines. In answer to this it nay be seid that (1) the position of the
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stecper end is oxaptly opposite to that of a roche moutongs, (2) the
drift of drumlins lucks the doarse kane gravels of teruingl morainus,
and (3) thc width of the drumlin belts is far too great for worcines.
Novortholess, some drumlin-like hills nay be of dostructional origin,

(b) Tho seocond viuw is supported by (1) concuntric baanding of the till
which suggests plastering on rather than wearing off, (2) the topographic
form which suggests accwwulation rether than abrasion; (3) the distri-
bution of drumlins where the icc was in motion clear to the bottom, (4)
tha faet bthat the relction of drumlin belts to sucessive morzines suggoste
control by ice thicknoss at a certain distance behind the ice margin,

(5) the fact that drumlins are made only of moderatdy plastic till, (6)
the apparent interrelation of druulins and woak woraines which suggests
lodgoment of drift bofore it roached tho ice margin, (7) the orientation
of drunlin axes normel to the associnted moruines and not to the outer-
umost moraine, (8) the rarity of drunlins which suggests narrow linits
within which the various forces must have opurcted to prodwe drwilins,
and (9) the oppurent rolation of drumlins to arcas of spreading out ica.
The balanced forces wore (1) amount of load in the ice, (2) charactur

of drift, (3) vertical ond horizontal pressures in the ice, and (4) spoud
of novemont. Lodgement of drift seuus to have been initiated along linus
of cither less prossure or luss umovemont, possibly elong longitudinal
¢revassas, Howevor, the infinite wericty of druulin forns dous not ¢x-
clude the possibility of thore being soie destructional druulins.

Ficld mapping. On account of tho groat variation in foru the exaoct
nunber of druulins which should be shown on a map depends on the personal
judg ment of the geologist as well as on the scile of publication. The
border of each druwazlin should be shown at the odge of the drumlin form
and not at tho lowest olliptical contour; aon interval of 20 feet is in-
sufficivnt to show all tho dotails of drunlin topography, and nany drunlins
lic on @ sloping base. Well rccords must be collectud in order to dis-
tinguish hills of similar shapg which have rock cores.
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GROUND MOR.INHE

Definition. Ground morainc is that area of drift which is not
definite terminal moraines, drumlins, or glacio-fluvial deopesits; it is
drift{ smoothed by ice cover,

Topography. Ground moraine varies from mercly scattered drift over
a rock tupography to drift thick cnough to conceal all traces of the
proglacial topographye herover thoe drift is thick cnough to influunce
the topography the slopes are low, gentle, znd smooth, rarely excoeding
5 dogrees, and in regions of clay drift tho ground morcine is a dead levol
or "till pleain". ‘here rock hills show through the drift thc stoss sidus
aro iuch gentlor than the loe sides, Thore are few, if any, uarked soags
or humuaocks, Lokes ars not very comion in ground moraince arecs. Some
authorities call drumlins a varlaty of ground moriine. Ground moraings
average thinner drift than - tarulnal moraines and show noro rock out-
crops.

Material., Ground worszine consists of till with rare arecs of wator
doposits and with layocrs of assorted nmatericl which do not show at the
surfaco. Bowlders arc sounewhat less abundant than in terminal morcings.

Conditions of origin. Ground moraine is ossentially an ice-smoothed
topography. Tho uctericls accunulated both (a) under the ice by melting
out, and (b) by the final melting of the ico when it left the region ot
places whore the margin did not remain long enough to forn z definite
terminal morcine, @tratificd deposits wero smoothed over or buried under
till, Therc is no known way of scparating tho doposits uade in the two
different ways.

Fiold mapping The chief difficulty in mopping is to separate
ground moraine from weakly developed terminal noreinc; the ridge forn
of tha latter should sorve to distinguish. It is woll to remocuber that
the ico margin stoosd at all parts of the glacictoed croc during its rotroct
and that thorefore soue faint indicctions of morginal deposits may be
expcocted alnost anywhere. Soearch for gravel in ground moraine topography
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is well nigh hopolass.

GLACIO-FLUVIaL D&POSITS

Definition. Glacio~fluvial doposits are glacicl drift worked over
and redcposited by waters which were mainly derived from the nelting
of the ice.

Matorials. Glacio-fluvial doposits arc assorted according to sizc
of perticlus; thoy consist of (a) gravel, (b) sand; and (c) cluy. Tho
following definitions will moke this more dofinite: (a) bowlders arec
stones over a foot in disucter, (b) gravel is stones fro. a foot to 1/16
inch in dizucter, (c) sand is particleus from 1 rm: to 0.05 mu, in dianvter,
(d) silt or rock flour is particles from 0.05 to 0:.005 mm: in diaomcter,
and (e) cloy is particles sualler then 0,005 mm: in disuactor, Ice-rafied
stoncs oy be found in all classoes of glacio<fluviacl deposits: Conuiercicl
grovel is defianed as motericl with noro thoan helf by wk woight lorger
than 1/16 inch particles., The word gravel should avver be zp.licd cithor
(a) to scattcered stones in sond, or (b) to non-aquoous deposits. It is
tho glacio-fluvial duposits which are of the most econoiiic importance
in tho drift. Rocd naterial investigetion is the apolied goology of theso
deposits.

Conditions of origin., Glaciurs give off flovds of waitur undor all
savo very oxceptional conditions; these are (a) very saverc climate like
that of antarcticz, (b) thin ice covered with debris, and (c) underlying
1oosc meteorials which cared for the water by percolation. Undor thick
ice the heat of tho carth was undoubtedly onough to ccuse copious molting
throughout tho year as is the case in Groeenlaond todoy. kelting was great-
est in summer. Unconsolidatced deposits could never have absorbud much
watoer and a2 very moderate rate of melting would have becn sufficiuvnt to
raisv the watoer table to the surface and to ccuse streams in all low
trocts. That melting took place during the cdvance of the ice as well
s at its maxiimum ond during its puriod of wastoge, although there naturdally
was the most wator during the last named time, is shown by (a) luke and
stream deposits buricd under till with no ovidence of a prolongud uxposurec
to the atmosphere after their deposition, and (b) the abscnce of loccl
glaciors in the Driftless irea which indicates that the conditions of
glacial accumulation never extended very far south but that the ico was
always in the zonc of wostoge in most of tho United Stutes. The glaecical
waters wore probably added to by loczl precipiiation. They formed stroams
and lakes in which glacial $ill was washed over and assored before dop-
osition, The perfection of assortment cnd of water-wear depondued upon
the time and vigor of the water motion. Tho perfoction of stratification
depended upon the ropidity of variations in the velocity of the watuer,
Glacio-fluvial doposits wore formed (&) under the ice, (b) ai the cdge
of the icc om Icnd, (c) beyond the edge of the icc on land, (d) on tho
ico, (e) at the odge of the ice in standing wator, (f) beyond the wdge
of the ice in standing weter, and (g) where strecms flowed off tho lond
into standing woter.

Clessificction. Glacio-fluvizl deposits are commonly mapoed o8
(2) outwash plains, (b) pitted outwash, (c) kames, (d) eskers, (c¢) deltas,
(f) water-laid morcines, and (g) loko deposits.
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QUTWaSH

Dofinition. Ougwash (overwash in older litoraturc) consists of
motorial deposised by glacial stroams on lands

Topography. Outwash forms plains with a slope deercasing from over
15 fout per mile near $ho sourcoe of the streoms to ono or two fout per
milo farther from the ige front. Undisturboed outwash plains arc noarly
planc surfcces, Some owtwash plains contaoin pits up to soveral milys
in diameter; thosc have steup sides with a maximum slope of 35 degrous,
and contuin smell hills,. lakes, ponds, and swaumps. Thousce "pitted outwash
plains" in many placcs rbscmble tormincl morsincs but the summits aru
many of them flat toppuk and tho higher ones couws up to & cummon lovel.
Somc olongated pits rosemble valleys blockoed by moraincs and have deceived
gome geologists. Outwash plains in volleys loeading from the ice front
arc ccllod "valley triiass."

Matorial., Outwasg consists of sand and gravel end is, in gencrel,
the bust sorted of 211 glaocio~fluvial doposits. The avercge size of
stonus ducreases awcy From the source of material, in other words in going
downstrewmn. Rounding fmcrcases in the same direetion., Bowldors and
striatod stoncs .are rafige. Silt is prosont to somc oxtent both scattered
through the scnd and ggavel and in thin layors. The scnd and gravel is
horizontally beddud and occurs in irrogular curviang lenses with their
long axe¢s paralloel to the average direction of the stroums that doposited
tho ploin. Cross-bedding is common and dips in all dircetions but mainly
downstream, WNear to phts bedding is inclinced, disturbed, or absunt.

Conditions of oa¥igin, Strecams overloaded with dobris cams out of
cracks and tunnels in the ice. Thoy gatherud together in walloys and,
oxcopt whoro the grads was too stoup or the valloy too narrow, bogan
to aggrade their beds at onces The material was 1lidid down in order of
size as the veloeity deercasced awny from tho icces The slope of the streom
ducrcasced in the same way., Tho streams built up thoir beds until highoer
than adjacent arces; thon shifts of course took place cecusing "braided"
strcams., Thus the ontire ploin was built. Silis from the milky wators
weory deposited in sluck-water portions of tho channcls. us originally
formed the surface od the outwash pleain was furrowud with abandoncd stream
channocls but subscquent wind work did much to oven the surface. Louss,
dorived from floodplain silts and adjacunt froshly uncovercd drift, was
deposited on mony owtwash arcas, Sond duncs were formad on othor plains;
mony of thess are ng lonser active. Most of tho stroams wore too shallow
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for large iceburgs and hencoe icu~rafted bowldurs are rare, Striatoed stonus
worv smoothed by tronsportation. The quality of matorial in outwash
plains was also conditioned on the character of the load that the glacial
wators could get. In clay till thers is little motericl fLor scnd ond
gravel, a fact whic-accounts for the paucity of outwash in arcvas of that
kind of till., Outwash plcins formed outside of the moximum oxtont of the
ice at any particular stagoe of glacial advonce could not bury any large
icec blocks but doposits formed in front of rocussional morcines formud
after roelotiwly ropid reotreat of the ice covered lerge and small ico masses
that had not yet molted. lelting was dolayed by the burial with scnd and
gravel. Elongetoed ice blocks werv proscrved in volluys and gave rise
on melting to the pscudo-blockud valloys of spmu districts. The ice blocks
contodined till which wos loft in and around the kettles adding to tae
confusing appearanco, Some outwash deposits cuntcin bowldors dorived
by the strooms from hills of drift within tho arva of thdplain that were
lator buriod by the sedimonts, Molting of icu blocks loc:lly chongoed
tho grade of streoms and coused thom to change from depesiting to eroding
thus meking valleys through tho pitted plain, Proscnce of pitiod out-
woash is indisputable proof that the ice was over that arca not- long before
its formotion for ico blocks could not survive a prolonged reireat of the
glacior followed by o readvance, much lugs an interglacial interval.
Outwosh dupositod during the advince of tho ice was (a) buried to form
lonsgs of sand and gravel in tho drift, or (b) plowed up into grovel
bowldurs or incorporatud into the till. The formation of gravel bowlders
was favored by (a) position of tho outwash on or against the ice, and
(b) freczing of the maturial. The largust outwash duposits svem o have
beon formud at or noar the moaximum stand of a glacial stage for the ice
front romained thore for the longest tims. That the outermost torminal
morcine locally overlius tho outwash doposits is no proof that thoy arc
much oldor than the icu maximume During wastoge of the ice sheot melting
was slackenced by the melting out of drift on top of tho ice., In rough
country outwash was deposited clong the sides of ice tonguos in decp volluys;
thoess now form a spucios of outwash terraces,.

Torrocus, ay the ice margin fell back the wators dopositoed their
load farther ocnd farthor back and wore thus adjusted to o lower grade
than at ths some place beforu. Luokus were formed and the waters clucred
in them. 4s a roesult thu outwash ploins were croded intu terraces.
another chinge was the orosion of drift ond rock barricrs in the strooms
which changed their baselevel above those pointse.  In some volloys the
crosion has continuced to tho presont time,tho luss loaded and shrunken
stroams eroding thoir formed doposits; in other cases roeduction of volume
cousod aggradation, Mississippi River is building up its bed ond rococives
more sodimont from tributarics than it con now romove. This is indicatoed
by thon phonomenas of Lzke Pepin and tho swinging of the river away from
the mouths of tributarius. Othor causcs of orosion of outwash plains
into terraces were (a) rcccssion of the ice firont which opcened lower aven-
uss of drainage, and (b) molting of ice masses in the gravels, Postglacicl
and lato glacial northeastward uplift of the lond doubtluss cidod in
producing torraccs but its offocts have as yut not boun discriminctoed
from the phonomena describod above. Reworking of outwash in many cases
concentroted the gravels.

Effocts of outwash on non-glacicl tributaries. Outwish plcins
oxtond for from the outermost drift into unglacicted arcas., 4Agpradation
of thusy valloys which carried the glacial floods raised the basclovul
of their tributarios, At first lckos werc formed in tho lower ports of
the lotter; in time these lokes wero filled up and the valluys adjusted
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to the nuv conditionss Those that worc not filled have for the must
part boun drained by torracing of the moin valivyss In some placus
similar rosults ocecured at tho junction of two valluys both of which
carrisd glacicl drainage but distonco from the ice front and volume diffor

Fiold mepping. Outwash may bo distinguished by (a) its relotiwly
horizontcl bedding, (o) goud nssortment, (c) contiauity of buds, (d)
level top even distinguishble where pitted or orudud: Soms till may be
found around the pit s of\pittcd outwash. ilap boundaric¢s should bu drawn
at tho brock in slope betwoun the plain and qny surrounding higher top-
ography.

fxploitation, Outwash is the best form of glacio-fluvicl doposit
for comaureicl vxploitation on account of the good assortmuent, compur-
atiwly wido oxtont of duposits of the samo grads, rarity of weask stonus,
and tho low silt contont.
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Boaataiind

Definition. Kamcs aro nills of sand and gravel which were formed
at or nacr to the udge of the ice on land, in other words they vre tho
assorted portion of : lond tormincl morcines. Some cuthorities include
similar doposits mode undor standing wator but horo these cro treated
soparatdy.



Topogkaphys Kames are rolativly small) abrupt hills which enclose
mony kettlosi The angle of slope doponds on thHo coarsoncss of natorial
and roachss g maximum of over 30 do;rous, Kames morge into (a) till mor-
ainos, (b) pitted outwash, (e) dissoctod outwash, and (d) eskurs. In
somo valloys thuro aro torracus of kwmigs oa tho sides which aro like
outwnsh terracos., Kames have no rogulority of sumait lovegs ond no flat
tops,

Matorial, Kamces vary frou very bowldery, unassorted, poorly sirat-
ifiod gravol to fine sand. The arrangaent of the difforaet kinds of
materials and the buddin: are for the host part very confused and irrasgular.
Adssortngnt nnd rounding of pcebbles is mainly very poor. Folding and
faulting arc not uncomion. Stricted stones are found.

Gonditions.of oripgin. Kauws wru in one sense a form of outwash
which was depositud on and closv to the ice uargin on land. In may places
dop081t10n took placo in reentrants of tho ice margin and around isoluted
jcc blocks which later molted forming kettles, Lany kanes are alluvial
Iana which had ico .walls on one or more sides, 4elting of supporting
ice lod to slumping to thu anglo of repone with conscquent disturbance
of the hoddlng. Kanes nay have boun formed eithor by moving or stagnant
glaciers since stromas brought up the material to the ice odga. Deltas
ar¢ treated scparatdy but swall ones may be found where pools of water
oxistod auong doposits otherwise formoed on lund.

Sinilor topography, Komes may be distinguished from delias by the
inclined boedding of tho later, from sand dunes by the stones, from eskers
by tho irrcgularity of form, and from outwash by the lack of rogularity
of sumnmit lovel,

Ficld mopping., Komos have boun mapped with terminal morainos by
nost geologists but owing to their oconouic iuportance descrve separation,
In the absoace of oxposures kames may bo distinguished by their stoep
8lopeg although this criterion fails in very stony morzines. Vegotation
is sparse on nost kanmos, Keouges make up a large part of mony morzines and
arc the wost conspicious features of morainic topography.

Exploitation, Kangs are a nuch loss satisfactory source of gravel
than outwash doposits on account of tho sudden variations in quality.
Developnignt ghould bo precosded by thorough test pitting.
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LSKuRS

Dofinition. .»m oskor (osar of ogﬁr litoraturs) is o ridge of watur-
dopositud drift whieh hes its long axis noro or loss parallel to tho diruc-
tion of gloeicl motion,

Toporrahy. Lost oskoers are stoop-sided ridgoes much liko railway
cnbankiionts. The top, however, is not at all resular in elovation and
nost long cskers arv dividoed into sovural distinct sectionswith consider-
able geps between, The highest rocordud osker in the United States is
about 150 fout high and the longoest is ovoer 150 nmiles in length. The
width of c¢skers varius moru or luss in proportion to the hoigtht, the
rocorded ucximwi is about o helf a mile. The inclination of the sidos
varices with the coarscnuss of nctoricl up to o wmaxinws of zbout 35 degroes.
llony oskurs are winding; souc branch ond reunite (roticulate). Eskors
end in vorious ways: somc dic out to nothing, othors join kanss, deltas,
or outwash, and othors heve thueso doposits in the brosoks betweon scetions.
Thore¢ is cvery gradation betweon oskers and kancs and indeed they were
onc: ¢ includud with kouus,

Moterial., Z=Eskers arv nade of sand ond gravel like thot of the other
glacio-fluvial deposits of the rogion. Bowlders ars ccom.on througnout
oskors ond cspocially ot the top, rnd till is not uncomuon as a covering.
The basc of the assortod matorinl in mony oskors is lower than the till
«& the sidos of tho ridge. assortuont is very poor and subangular and
stricted stones arc comaon. Bedding is rude, irregular, or cantircly
abscnt. “Opun-work" gravels with too littlo sand to fill the voids are
not uncommon. Faulting and disturbanco of the bods ars very common;
sore oskors show an anticlinal c¢ross scction. The grade of matericl
varios vory reopidly in most eskors.

Distribution, Bskors are comion in rogions of fair roliof which
have stony drift; thoy are rore in nountains. Lost oskors lie in low
ground but some disrsgard the topography and pass over hills u, to 400
foet in height. Souw oskers lic on volley sides and night bu confused
with keoine or outwash torraccs. In drumlin tracts the uskors avoid the
drualins. Eskers arc buriod by rocossionsl orcincgs,

eonditions of origin, It is ovidont thnt oskoers wore the doposits
of glaeial streans within the linits of tho icc but whothor thusc streans
doposited their load on, in, or under the glacior is not so appeorent;
therc is no gunorel agrocuent on the lattor point. Eskors hove not been
obscorvad in process of fiornation by moderaglaciers, Most glaciers are
draincd by streams which flow in tunnels at the botton of the ice, for
thaore arc tou nany crovassos to pormit streoans of grect cextent at higher
levels. Howuvor, (a) caving of tunncls, (b) stagnation of ice with fill-
ing of crovassce.with drift and possibly with standing water, and (c)
irrcguluoritics in tho bod rock aro all possible ccusos for streans above
the botton of tho icc. WNoar the nargin of the continental -lociers
supcrglacial strecams could obtzain 2 load as well aos oenglacial and sul-
glacicl stroans; away from the margin tho first class of streams, if
prescnt, could have had nothing to doposit. 4ll winding and branching
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gskers indicato cithor very slow-moving or stognont ice; indced the sauc
conclusion socns probeole for oll oskers. The subglacial thoory of cskers
is favor.d by (o) their o®tunsion below adjoining till, (b) presence of
wall-prosoervod stratification exeupt for sluup of tho sides, (e) presence
of till or bowlders on top of nany cskers, (d) the avoidancoe of hills by
nmany oskers, (o) presonce of open-work gravels, and (f) presunce in so.c
gskors of stonos dorived so near that thoy could hardly have beun very
high in the icc. Objuctions are (a) the gront widths of soue eskers,

(b) neandering and branching oskers, (c¢) disrcegard of hills by nany eskurs,
difficulty of undorstanding deposition on both asconding and descending
slopes, (c) difficulty of accounting for the upwerd growth of a tunncl

in oxact proportion to the irrcpular swaiits of uskers, (f) difficulty

of accounting for obsorvoed grodation of soue coskers into kanus or deltas,
and (g) thoe lack of stratification in some oskurs. all thosu facts favor
the origin of thc oskers in which thoy are found in cracks opun to tne

sky which may or nay not have roached to the botton of whe ices It has
boon suggusted that the gravels doposited by suporglacicl strowmas nvltud
their woy down to the ground boforc the ice Jiswppoarcd on the sides, but
this isgpposcd tu the observed protoction of ice by thick drift deposits.
Others have urged that oskers gre kaucs or deltas clongated by gradual
retreat of the ico wargin. ®onc have suggostod that discharge of drarnage
into standing wator is a nocessary condition for the formation of eskors,
Undor thosc last vicws it is difficult o (a) oxplain vory long unbroken
oskers, or (b) oxplain the breoaks with no outwash or typical deltas in tha .,
The breoks in oskors werce caused cither by (a) constrictions in the stroan,
(v) rapids, or (¢) positions of tho'retrocting icoe border. The contra-
dictory naturc of thu ovidonce and tho great varioty of the phenonoena
strongly suggost that all oskers worc not of the swmac origin and that
oxamples of all tho suggostoed modes of origin are prosents In the Miss-
issippi Valloy most cskers appear to be cither long kames or subglacical.

Ficld nopping, @skers are uoinly found in ground morcine aroos.
Thoy arc roadil'y rocognizod by (a) shape, (b) orientation, and (c) sparse
vogctation, The nop boundary should bo drawn at the base of the ridge
and not at the first contour.

Exploitation. HEskors arce alnost the sole sourco of gravel over
wide arcas but the poor assortuent and rapid chonges in quality of the
natoricl mekes thom of indifforunt quality. .n idea of the coarsoness
of the matoerial nay bo gained from the steopncss of the sides but earciul
tost pitting is roquired. Evon a lov oskor uay be of value if it oxtonds
into the till below,
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OELTAS AND WATER~LAID LIORAINES

Definition. Delta moraines and water-laid morcines wers deposited
where tho odge of the ice stood in standing water; deltas were also fornocd
where glacial stroams flowed frou the land into standing water,

Topogrephy, Water-laid moraines are smoother and much less conspic-
Lous than are noraines formed on land, Icc margin deltas vary from smzll
cones to large, mesa-like hills with stecp sides which are known in Now
England as "sand plains", Tho tops of large deltas slope gently away
from the ice margin ond nay contain kottles. The sides of deltas have
the slope of tho anglo of repose under water, o maxinum of about 20 deg-
rees., The outline of the front of a large delta is noro or less lobato,
On the icc side many dellos conncet with eskers. Deltas differ from
outwash fans in hoving a distinet break in slopc betwoen the top and the
sides,
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lintoricli Lorainic dcltas consist of vory poorly sorted and rounded
natorial; doltos ot tuv mouths of land stroaus uey bo bettor sortod.
Bowlders cro comnwn in the foruer cnd till doposits nay be found on the
sido townrd the icce. subangular and stricted stones ary voery coki..in
in the first class of doltas; sand with scattorcd stoncs is vory couuion.
Tho bedding is the nost characteristic feature of o delias Vhore undis-
turbed a dolta nay be divided into (a) bottowsct horizontal bods of finc
clay or sand, (b) furoset beds of sand and gravel dipping about 20 degrous
toward doop witer; these overlic tho bottousct beds, (e¢) if the doposit
is large enough topsot beds which arc ncarly horizontal and overlie the
ineclined strata, ond (d) in nmany cases backset buds on the ico side which
risc to the topsct beds, that is dip in tho oppositedircction from the
foreset buds., Cross bedding is not uncomuon in topsct bods, Water-laid
moraincs are largely but not wholly assorted material but are for the
nost part covered by sond and gravel.

Vater-leid noraines woere smoothed by the work of waves and of streaus
which onorged from tho icc. Thoy nerge into delta worcines just as doltas
nerge into land kenes. Vhon the ice margin stood in 2 lako or sca the
stroams were suddenly checked and deposited their load before thoy had
tine to assort or wear it to any groat extent. At first thu deltas wure
siall cones that did not rise to the water lovel but as thoy grew they
covered the bottonsct beds. Whon the tops rosc to the water lovel topsot
beds could be forued above tho slanting foresot and backset beds. Horaninic
deltas wors largely fod by subglacizl streans for the most part but in
the casc of suporglacial stroaus topset beds way locelly have beun lezid
down on top of the ice. Some supposcd backsst buds nay be due to sliding
of tho matorial after removal of the supyorting icc. Blocks of ico woro
buriod in the deltas and souoc melted quickly cnough for the stroanms to
fill the kottles. In many placos adjoining doltas coalescoed into a spocios
of outwash plain with o dolta front. Doltas were deposited voery repidly;
mony show very little if any sign of motion of the ice odge during thoir
formation and so may have been formed in o single sumuer, lany doltas
worc doubtless formed at the edge of stagnont ice. Deltas not forned at
the icce front presunt no unusual foatures, They arc frec of the bowldors
which rolled down from tho ice into marginal deoltas but night contain
some ico-rafted bowlders.

Fiocld nmappingr. Deltas moy be rocognized by (a) their charactoristic
forms, cither conical or flat~topsed, and (b) thoir inclinud bedding.
Caore nust bo toaken to sco that exposures aro deep enough to distinguish
the latter from cross bedding in outwash or kames, Water-laid noreines
are ridges normal to tho ice flow that connuct with ordinary morcines.
Dolta and wator-laid morsines have genorally been napped along with other
torminel noraines but distinction is desirable.

Exploitations Doltas arc in goneral very inferior sources cl gravel
although they nay contain good sand, Tho deposits arc very sondy and arc
poorly assorted and variable., The topsct beds most rescible outwash ond
are thereforc the best. Uator fiay frequontly be found in large deltas
just above tho inmpervious bottonsot beds.
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HaRGINAL LuKES

Dofinition. 4 margincl loke or true glacial laku is one whore
gloeicl ico astod a8 o dwa to unclose the basin,

Topographic fentures. Ice-bound uarginol lukes left traccs in (a)
wave-worn cliffs, (b) bowlder lines, (¢) wave-built bars, spits, beaches,
etc., (d) quict water sediuonts, and (e) doltas. 4ny one of these is
suf f§cient to prove the existence of a lokc. Cliffs are stesp slopes
in drift cnd voertical clifis in rock; they are scars on the suooth con-
tours of glaciated topography. Bo'wlders linc the botcouws of sliffs in
the drift and lines of them arv found even where thoroe is no distinct
clifi, vhorc ths doscont into doup water was rulativdy abrupt there is
a terracc in front of the cliffs whose outer edgo slogos steeply down
into the lekce basin, On gontly sloping shores and in bays spits, hooks,
barriers, and bars are found, all of them ridges witia neurly level tops.
The bottous of lakc basins cre in wost instances noarly flut or smooth
slopes of up to 50 feut per miles Deltas hive boun doscriboed cbove.
Morggnal lekes had outlets (a) on land, (b) over the ice, or (c) through
the ice, Of these traces ren.din of the first in the form of valleys
either (a) without stro:ms, or (b) nuch too largo for the present stroaus.
The floors of those valleys contain shnllow lakes and bowlder paveuents,
In soue casus suvoerzl lincs of beaches at difforant lovels are found.

In song places these @ll lexnd into the sane outlet end in other instances
into differont outlets, Rock lodges in outlets oftoen contein large pot
holes.

Material. On tho cut portions of shore terraces there is little
gravel; the outer built part is fairly well sorted gravels in beds which
dip away from the shorc at angles up to about 20 degress, On account
of the shuffling action of waves there is some¢ tendancy toward tabular
pcbbles. The material of bars and spits is better assorted and is more
water-worn., These features have a rude anticlinal section with beds
dipping on both sides at a meximum of about 20 degrees. The angle is
steepest on the inshore side. Silt and clay are found in deep lakes
and sand alone in shallow water. The cleys are laminated unlike glacio-
maerine clays which are massive. The laminas are in pairs of alternatdy
coarse and fine materiwl, The coarser material is rock flour like that
of the associated tills. In dolomite regions the lake clays contrast
sharply with the calecitic postglacicl marls, The carbonates of the cal-
careous clays of the Luke Superior basin must have becn derived from
Keeweenawan shales. From Superior to Milwaukec the lake clays are
red and contain up to 15 per cont of Fo,0,. The color was derived from
the red rocks and iron orcs of the Superior region and hew. no relation
to postglocinl woathering as it extonds below wator tablc ond is not
associated with leaching. Most loke clays are gray or blue, in part
because of reduction by ground water. @olors depend upon the amount of
water presont and ch.age merkedly on drying. 8ilica is for the most
part below 50 pcr cont and z2lumine is below 15 percoent. Potassium oxide
may exceod -2 per cont. Calcarcous clays arc loached noar the surface
and have carbonatc conerctions below. Ico~raftcd stones arc common but
rarely obscure thc laminction. Near thc surface weathoringhas pbscured
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tho lominations Sliding of clays both (a) during deposition, and (b)
in postglacial timc has causvd many folds and faults. Grounding of ico
borgs was rosponsiblc for some disturbances.

Qonditions of origin. Thc work of waves on shorcs is described
in all toxt books of goeology and physiogropny and need not boe repeated.
Some lekus fail to display beach featurcs bocause of (a) slight wave
action on account of covoring by flouting and solid ice, (b) rapidly
varying water lovel, (c¢) short lifc, or (d) subsequont burial or orosion
of the featurss. In long-lived lukes the quict water sedimgnts were in
part buried by dcltus and shorc grovels, Loworing of the wator level
lod to covering vith shallow watur sodimonts. Shangos in level wore
duo to (a) erosion of outlets, and (b) changes in the position of the
ice margin which whon in rotreat opcned suaessivly lower and lower outluts,
and whon in advance blockud suaessive avenuces of oscape. Although the
wavoes must at one time have stood ot 211 lovels in o basin it is only
ot thosc c¢lovations where thoy romained for some time that marked shoro
features wore dofoloped, Tho quiot water sediments dip gently to the
conter of the basin and in many cases form the confining top of an artesi:n
basin, The moximum nuwmbor of ice bergs ontored a loke during its early
stages befory the ico front had boon masked by deltas. Wave work was
at its meximum on islands and headlands; it must have been much interfercd
with by floating and solid icc. Tho glacial lake outlets have becn much
altercd by aggradation by both main and tributary stroams since the flow
diminished; this has formed morg lckes in the alroady uncven bottom.

Varves. Even whore tho ice margin stood in the sea the adjacent
wators wore quite frosh on account of the large volume of glacial water,
Precipitation of clay and silt takoes place vory differontly in fresh and
in solt water. 1In the latter flocculation took place and the aggregates
carricd down finc and coarse material togother to form massive clays.

In frosh wator the process was slowoer and the cocrss materinl scttled;
before the fine. Most of tho supply of scdiment came in sumicr when tho
icc molted fastest. The paired laminae of fresh water clgys consist of
a coarse and o fine layer; this combination is interpreted as on annual
deposit, the coarso formed in the summor ong tho fine in tho winter.
Each pair is colled a "warve." The fine layer is for the most part of
derker color than thou coarse layor. Thoere is every gradation from massivo
clays to typical varve clays, While the scasonal origin of varves is
well eostablishod it does not follow that all laminated glacio-fluvial
deposits show annual layers. *t has been shown by =ctuel observation
that somewhot similcr lamineo dovolop on flood plains in a short &iace
of time. £t is suggested that whore doposition was very rapid scveral
laminac due to changes in watcr volocity, storms, ctc. may correspond to
a singlc¢ varve in deep water. In Amcrica the study of varves is in its
infancy; although subjcet to some uncortainty it offers great possibil-
itics in that it plocos goologic history in terms of years instead of
indefinitc stages, periods, otec. It is evidont that no one exposure

can show oll the varves that wero formed. @orrelation of adjacent se_ctions
is based on the assumption that the thickness of sucessive vorves is a
function of tomperature. The variztions of sucessive varves is then g
roflection of variction in e¢limate ond individual varves can therefore

be corrclated %? explaincd below. This mcthod has produced resulis that
are reasonable but its validity has not met with universel acceptance.

It fails to produce results undor several conditions: (a) whon the varves
ar¢ all noarly of the somo thicknoss with no distinctive suaession of
changes, ab) where local floods or storms upset or maskud seasonal var-
iations, Ue¢) when too great a distance is involved, and (d) when the
varvos havc boon eltered by cereep or iccberg action.
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Ficld mopping. Lake beaches and cliffs can be identificd by their
sharp outlinos, lovelnuss, and local origin of the gravel. Bars can bo
distinguishod frou oskurs by their luvel tops and orientation. Thaey arc
more uniform in couposition and have better nnd luss disturbed bedding.
Elevations of the anciont weter surfaces may be measured by (o) break in
slope ot the front of = delta, (b} top of a beach at the foot of a cliff,
(¢) upper liait of smooth lcku-botton topography, and (d) bars and boach
ridges which oextund souc fuw fout cbove high woter mark. In soiw basins
the only ovidence is thoe uppor lindit of lake scvdiucnts and ico-rafted
bowlders. Elevations nust be necasured accuraﬁ?y; tho hand luvel nay be
used *f tho distances arc short and the slopus arv stocp but otherwisc
cither the onginaurs luvel or the stadia must be onployed. Lake clays
nay be distinguished from eloy till by (a) lauination, and (b) ice-raféed
stonos; only cloan fresh oxposures can bo considercd, for slumping desuroys
lomination and also gives an @?ggerated inprussion of the thickness of
the clay. Clays bolow sands and gravels wake a spring linc. Varves
arc measurcd by cloaning off a face and marking the thicknosses on a long
strip of popor. In the officc these thicknusses are transforred to a
graph with equal intorvels for yoars and the thicknesses thomsclves as
ordinatos. Tho onds of the ordinatos are then comnceted into a saw-tooth
curve. The groph s of adjaceont localitius rre moved up or down until
corrclation is costablishoed from similarity of the curves. As a chock
on this method laboratory study of the chomical and physicol charcctors
of tho clays has boon usod so that lithologic correlations are also
made in 2 nmonnor siuilar to the lithologic corrvletion of maring formations.
Sanples of varvo clays cin be teken in long shallow uotal boxgs and
glycorine suustitutud for tho water in ordor to kosp thou.

Exploitation. Boach gruvels gencrrnlly do not bind woll. cnough
for road surfacing but way be usced for comcruto. Clays ore nainly sought
for clay products and for surfocing sandy roads. HBlovations are usoful
in socarching for boachus ond cloys, !

ICE-BOUND LAKES OF THS UNITED STATZS

G, IMarginal lokos were fornoed during the advance, naxinum, and
rotrcat of all ico invasions. Little traco<is found of lakes of thu
first class since thoir boaches woro destroyod and the bottom doposits
eithor plowed up or buriod by till. @Such conditions gave rise to soue
of the voury clayey tills. Pre-Wisconsin lakc deposits within the arca
of thoe young drift olso suffored the same foto. Outside of the termingl
umoraine tracus of tho older luokes have suffored nmuch frou (a) erosion
(b) burial by alluvium, and {c) burial by young outwash, Lak¢s whosc |
only trace is icc—rafted stones have boun discovored in southern Indiana
and southorn Wisconsin and some aro suspuctod on the Groeat Plains.

The nargincl lakoes of the Wisconsin or youg glaciation are rnuch better
known. Those which oxisted ot the maxinud of that invasion couprise
Laoko Passinc in Now Jorscy, Loke Wisconsin in Wisconsin, and a number

of lakos on the Groot Plains. More laokes were formed when the icc front
had rctreated into theo Groat Leake basins where the avercge slope of the
lond was toward insteaod of away from the glacior. Names have boon given
to the differont lcvels of water in the scveral basins. GChanges in lovel
of tho glaciel Groct Lokes wory effected not only by (a) uncovering of
different outlets by ico retreat but (b) by northeastward uplift of the
land. The carlier lakes comprisc Lake Agassiz in tho valley of the Red
River with its outloet via Minnesota Rivor, Loke Duluth in the Quperior
basin with outlots to St. Croix River, Lake Chicago in the Michigon basin
with an outlet to Illinois River, Loke Maumec in the Erie basin with
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an outlet via tho Wabash, and Loke Joan Nicollet in the Fox River Valley
of Wisconsin with an outlet to Wisconsin River. Further recession of the
ice opened lower outlets across the upper and lower peninsulas of Michnige..
and possibvly north of Loko suporior until tho lakos foll {0 somothing
like thoir present lovel. A roadvanco of the ice known to have uxtonded
southwest of Superior and to Milwaukec ond Port Hurii thon formed a second
Lake Chicago, Leoke Whittlosoy, and koko Warren. Lokce Agassiz also suff-
ored a low stage followed by a high levul causoed by an ice readvence.
Ronowed recussion of tho ico opencd an outlet via Tront River in lower
Ontario and causod Lakc Algonquin which filloed the baeins of all thres
of the upper lakus. This vast lake drained into bake Iroquois in the
Eric basin which in turn discharged to the seva via Mohawk valley, Now York.
Somplote disappearance of the ico from the Grout Loakes loft Lake Nipp-
issing, a stege when the confluont upper lekes dischargoed via Ottawa
River to thc Ghamplain sea which then joinud the Hudson and 5t, Lawrence
Valleys and extended into the Ontario basin, ®ince thon northeastward
uplift of the land cuused the wbandonnent of this outloet for the presunt
ono via Detroit and Niagara Fclls. The story of the changes in volunc
of Niagara Falls is cloarly told in the difforont widths of the gorge
from place to placc. The same uplift also ccused the rotirement of the
sea to its proscnt position,

LATE GLACIAL-AND POSTGLACIAL EARTH MOVEMENTS

¥ield evidonce, That there has beon late glacial and postglacial
movement of the oarth's crust in the Great Lakes region and adjacent
areas is shown by (a) the northeastward risec in the abendoncd boaches,
(b) abandonment of northern in fevor of southern outluts in the Huroh
basin, (c) obscrved chango in c¢leovation of certain bench merks as referred
to tho lako levels, and (d) the drown'ing of postglacial valleys as ot
Ruperior. The slopo of the beachos is of tho nagnitude of scuveral feet
paor mile; it is (a) groatoest in the casc of thoFlder high level shorelings,
(b) greater to the northoast, and (c) absent to' the soutwest, and (d) :
limited farther and farther to the southwest in sucussivly higher beaches.
The limiting lino of doformation is called a "hingeline.," Lincs connecting
points of cqual elovatioa of the beaches are called "isobascs." The
hinge lines and isobasos, so far as doternmincd, forn smosth curves centeriag
around the pro-Cambrioen arcea or baurentian highlend., Tilting is still
going on at the ratc of loss than six inches por contury in the width of
the lakoes, If this uplift affoctod the turracces of streams like the
Mississippi the fact has not yet boen scparatoed from other causes.

Cause. Most authors ascribe the uplift tu isostatic conditions,
that is as due to the rcmoval of the load of icoe., MSome have cven gone

as far as to suggost thet ice loading pushod up rogions adjacent to the
glaciated region, ond othors have ondeavorcd to measure the thicknoss of
the ice sheets from tho amount of uplift., This vicw fails to tuke into
acecount tho facts (a) that uplift is still in progress long after all the
ice has gonc, (b) that the isobascs arc not closely related to tho ico
borderbut to the pre~@eambrian arca, and (c¢) that the theory of isostacy
has been strongly cttacked on other grounds, In @urope, however, the
above objections do not seon to have as nuch force. Mathematiccl study
shows thot attrmction of tho ico masses on the adjagcont water wos a vory
nminor factor in producing warped wator plonvs. X% is probable that the
earth movement was not dircctly associated with glaciation but wes one of
those known throughout goolugic history whosu origin is not yot cloarly
understood, Tho groat amount of wator locked up in the ico caps doubtloess
lowered tho moean son lovel during the Pleistocono glaciations.
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THE QUATERN.RY LAKES OF THe GREAT BASIN

Generol, In the Groat Basin of tho westorn Unitod States there
are many onclused doprossions which show evidence of having containcd
oxtensivoe lakes in relatiwfly recent geologic timo. at prusent the basias
are cither dry most of the time or contain shallow salt lakes. The
principal ancicnt lakes worehILake Bonnesville in tho rogion of Great
Salt Lake, and (b) Lako Lahontaon whoso principal survivor is Pyramid
Lekec, Naovada. idost of tho basins have nover beun studivd in detail.

Topography. The lake basins are all of structural origin and date
from the late Tertiary uplifts of the westorn ranges. The shoro features
of tho lakes arc classic exmmples of such topographic forms since they
have been so well prosorved in tho arid climate. Deltas, beaches, cliffs,
bars, hooks, etc. are all displayod on . magnificent scale, Leake Bonnevil.
had an outlet channel to Snake River. S

Doposits. The lake basins contain the following series of deposits:
(a) older alluvisl cones wbout 2000 fout thick, (b) older lakos beds, -
marls, clays, and chemical precipitates mainly the chloride and sulphate
of sodium and calcium carbonate, (c) intermediate alluvial cones, (d)
younger lakc boWs, end (o) modern alluvial conos.

History., The older alluvial deposits te¢ll of a prolonged interval
of arid climate after tho formation of the basins. A climatic changs,
eithor an increase¢ in precipitation or a lowering in touperaturec wnd
therefore a docrease o¢ evaporatiun or both, thon caused lakes to formu.
The earlier Lake Bonneville did not overIlow and wgs never fresh., No
beaches of the older lakes are known. A period of aridity thon followed
which led to the complete drying up of the lakoes; this is known firom the
differcnces in the charactur of tho chemical scvdinents in tho yodéer and
oldor lakes. Lake Lohontan never had an outlot but the second Lake
Bonnovillerose higher than the first and overflowed, It was thon fresh
woater. ZErosion cut down the level of tho outlot intc the soft alluvial
doposits to a depth of about 375 fect., The waters stood for o long time
at this lovel ond dovolopod thoe Provo shoreline. - A reversion to aridity
with song fluctuations ccused the lakes to shrink to modera conditions.
The bOdS%GS acre not horizontal but havo suffered difforential uplift -
with the moximum apparontly at the centors of the basins; this fact has
been ascribed to isostacy or relief following on the drying up of the
waters,

Relation to glaciation. The relations of the high wator stagus
to glacial advences in tho adjacent moutains is best shovm in Mono Lake
California. Phenonona in the Lgke Bonnevillo region also support the
view that the lakes corrospondcd in time to episcdes of maximum glaciation.
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Keyes has rocently urged that crustal warping cut off rivers from more
humid regions thus leading to tho variations in the lako levels. This
idoa is untencble as it could not possibly explain (a) the multitude
of lakes throughout thc Groat Basin, or (b) tho oxset similarity of.
history of the lakes that have been studied. The evidencc of the
wostorn Quaterncry lekos is a vory powerful argument that there were but
two maxima of Pleistocone glaciation.
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LOESS

Definition. Loess is a homogennous, unstratified silt, for the
most part of colion origin. : Z

Topography. Loess forms a mantle over. bdoth rock .and drift hills,
river torraces, and sand dunes. Only rar.ly docs it meke a distinctive
constructional topography. Loess is readil. y eroded and. having a tendgucy
to split vertically forms steop-sided ravines, Wherc these ravines are.
well develeped, as on the banks of the lissouri, & very. complex-bad-land
topography is formed. It is this fact, as well gs the greater thickness
of loess along stream bluffs which led the early geologists to call the
loess the "bluff formetion". Loess has a vertical range of about 1500
foot in the Mississippi basin and of much more in other regions,

Material, Loess is composcd mainly of silt particles from 0,05
to0 0,005 mm. in diameter with a lesser amount of clay particles~ smaller
than 0,005 . in diametor. Sand is relmtiﬁiy uninportant except near
the basc of some doposits; some anzlyses report larger particlés but thesec
aro evidently (a) sggregetes, and (b) tubular and globular concrotions
of iron oxide and calcium carbonate. Howover, therc are some stones in
thin deposits of loess, Unwoathored loess is groy and tho weathered
looss is yellow, buff, or rod, Fhorc is a narrow zono of tra@;tian in
color and iron oxide is particularly abundant thero. GQoncretions are
nost abundant just bolow the woamthorod zono, o vertical cloavage of lou:
is due to numerous small vertical coneretions of tubular form.
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Fresh loess in the Missigﬂppi Valley is highly calcareous. Leaching
extends to depths of soveral feet and entirly through the thinner deposiis.
Toward tho basc of the oxidized zone thers is in sowc places an alter-
nation of light and dark bands which is duc to weatuoring. While loess
is mainly devoid of bodding or lamination therce is some interbedding
with sand at thoe base¢ of somo deposits, Loe¢ss is very sliicceous, 60 to
65 porcent 8i0, in the fresh phase and 65 te 78 percont ia tho leached
zong, Aluming is corruspondingly low and iron oxide is for the most
part below 5 porcent., The minerals of fresh locss are the product of
rochanical disintogration; they comprise quartz, feldspar, ferromagnesian
minerals, nica, calcite, and delemite. Carbonaceous bands are rarely
proescnt.

Fossils. Unlcached loess contains rather abundant irregularly
distributed land snail sholls; tho specics arc all modern, There is
little sign of vopotation except for the vertical concretions which arc
ascribed to roosts. Mommalian bones are found but it is difficult te
discriminate those deposited with tho looss from these subsequontly
introduced, ‘ - -

Distribution. Looss is net confined to glaciated regions buf is.
a formation of the dusert berders, the steppes or nigh plains. It
happens to overlap the euter pertion ef the glacial drift. It is found
on the Columbia Platoou, and on the Great Plains frou lMontana east
through the. Daketas ond Nobraska te the Ceptral Plains regien. In the
last named region loess is found on the outer glacial drift of Tewa,
Missouri, Illinois, and Indiana and in the Driftless Area. The leess of
Burope has the same relation to tho glacial drift. The loess in both
‘continents is meinly counfined to the old, or pre-Wisconsin drift.
Locss is absent in humid rogions although there are depesits in
Arkansas, Mississipi, and Louisiana.

Thickness. Loess is in few localitics ever 50 fest thick and is
nainly enly a few feut in thicknesgs, It cenceals the underlying formaiions
over widec arcas. Locss is thickest (a) aleng valleys, particularly on
the east sides where it locally forms ridges and is gssociated with sand
dunos, (b) on the east sides of hills, (c¢) in areas of broken topegraphy,
snd (d) in areas which have or did have a cever of grass, brush, or
timber., Loess is thin or abscnt (a) on open hill tops, (b) on broad
plains, (c) on arcas without any vegotation, and (d) on areas subject
to flooding. S AR S Al

Conditions of erigin, The unaltoered minerals of loess imply an
erigin from depesits not affected by cheumical weathering; such are -
present in (a) freshly deposited glacial drift, (b) floodplains of
glacial streaus, ond (c¢) thoprid regions. Loess was transported and
assorted by an agent which (a) was capable of carrying only rather fine
nmaterial, (b) worked without regard to olevation, (c¢) operated faster
than erosion or leaching, (d) was associated with the formation of sand
duncs, (e) was confincd to regions adjacent to deserts, (f) was assoc-
isted to some extent with glcciation, (b) buricd land snail shells, (h)
was to sonme extent affected by topography, (i) opecrated more vigorously
ncar rivers, (j) did not produce bedding or lemination, and (k) opersted
in the prescnce ef land vogotation. Tho agent which alone can mcot these
conditions is the wind in a climate rather drier than that which prevails
in much ef the lesss region at the present time. Lodgoment of loess was
effected through checking of the wind by (a) vegetation, and (b) slopes.
0f the fermer trecs and brush were doubtless impertant and the objection
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that loess could not have accunulated in forests is invalid for it is
preiric soils that contzin the most organic matter and not woodland soils.
Broken topography was more favorable than opon pla'ns since the wind
was nors interrupted. The loess-dopositing winds ipycar to heve boen
westorly and southwestorly as arce the sunmuer winds of ths swus region
today., Indeod, locss is still being formoed along thnc borders of the
arid rogions and adjzcent to the flood plains of large rivers; the proces<
has been much spouded up by the work of man iy Jdestroying vegetation,
The buried send dunces seen to tell of a gradually lessening vigor of
wind work so that silt caue tove deposited over the sand. The fossils
of looss also tull of a climate somowhat dricr thaan that of today.
Whilo some louss-like deposits, ospecially thosc on filoodplains, werv
doubtless deposited by water, it is now realized shat water had no essen-
tial part in the formation of locss except in so far as it formed bare
river flats from which the wind picked up the material. The outwash
plains doubtless furnished nuch dust. Stones and bones of annimals were
introduced into loess (a) by burrowing animels, (b) by uprouting of tross,
(¢). by slump and creup from higher land, (d) by humen agency, and (c)
by deposition of somg loess on top of the ico followed by slumping.
o fﬁ:p:ﬂ!::g ‘ ;

Age. ‘tha earlier geologists ascribed loess to glacie—aqueous dep-
osition end decided thut as it is absent or rests on fresh drift in north-
castorn Iowa it was depositod when 'and svon after that arca was glaciuted.
The drift of that rogion was ascribed to tno Iowan stage of glaciation
and the loess was theroforo regardod as of Iowan sge. That this cannot
be true is shown by (a) the presence of two distinct loess deposits of
which the older was much weathered before the deposition of the younger,
(b) the existqnco of looss on some of tho young drift, (c) the testimeny
of thoe fossil shells which indicate a mild climate during the formation
of most of the loess, and (d) the occurence of buried loess depesits
near to the base of the drift. Interglucial age is also suggested by
the relation of tho bulk of tho loess to tho drift; wmost of the loess
lies upon deoply weathered and oroded drift with the coatact in many
places marked by concentrated pobblus. In the Driftless Area loess rests
upon the preglacial rosidium with no intervening soil, a fact suggesiive
of aridity. In Illinois thore arc local swanp doposits between the loess
and the drift; those are called tho Sangamon formation. In some regions
the loess lies on fresh till, a fact generally cxplicablc by erosion of
the weathered zonc before the rormotion of the covering formation.

Buried loess is eomuon below the young or Wiscomsin till but in wmany
places it rosts on fresh Wisconsin drif$. It is eowvident that all loess
deposits are not of the same age and thet oven where there is more than
one age of looss no line of demar?ation can be found 'in many sections,
Attempts to place all yellow loess as decidedly younger than the gray
loess arc ill-founded as tu.o difforcnces nay be e¢xplained by weathering,
but the old lecached rod loess undor the freshor celcareous loess is very
much older then the bulk of the dopusits. Loess was doubtless formed
both (a) during a tinme of arility during one ®F more stegos of glacial -
retreat, znd (b) during the retroat of thc ice frout whou much fresh drifi
was uncovered. Depoeits of the latter class might be loss fossiliferous
then those of the first kind. Tho locss connot be used as an horizon
marker in P eistocono geology except in the most gonoral manner; it
is mainly pro-Wisconsin but that is all that con be said., Much of the loce
cane from the arid regions and not from the drift. : :

Exploitation. Loess is used for clay products and for surfacing
sandy roads, It is an important soil comprising & large part of the
"Knox, Union, Wabash, Weukosha, LaCrossc, Marshall, Lintonia, Whitman,
Antigo, Colby (1), Fox, and possibly othor soil seriocs.
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Ficld mapping. Looess is distinguishod Ly (a) ite freedon frow

stonos, (b) its silty texture, (c) its light color compared to reeidual
clays, (d) its vortical cleavege, (o) porosity, (f its lack of lauinati
(g) lack of stickyness, and (h) tho prescnco of fossill shells, 8Sono of
thoso foatures nzy be absent in souic localitius buw enocuzh of them cre
found evorywhore to mako discrininction easy. The irrcgular distribution
of much of the loess: mpkes detail mapping very dirficult. A soil auger
is very useful in looss rogions to find out what lics boenocath,
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GLACTAL AND INTLRGLACILAL STaGed

Introduction. The¢ extont to which Pleistocenc glaciation was inter-
rupted by interglacicl intorvals during which the ico larglely or wholly
nelted gway has beun o vuxed onco. Tho opinions of tho geologists of the
last contury on this quostion woro affcected by (a) thoir prof.erenco for
certain theorios of the cousc of glaciation, and (b) the rogions in which
they had worked. The nen who accepted clovation of the land as tho causc
of glaciation without oxeoption favored e rolativly briof singlu ico
invasion; adacrants of Croll's hypothosis sought eagoerly for evidenco
of the several interglacial stoges thnt it roquired. Students of marince
sedincnts sought to roduco drift doposits to an orderly sequence of forn-
ations, although unity of gluciation is no longer advocated by geolo-
gists who are familior with field ovidenco thoro is still amplo rcason
for belioving that the complex Pleistoceno suébssion urged by soiic geol-—
ogists is in paort buscd on errors of judgencnt and that it nay be in
noecd of some ruvision, Research in this field has beon douinatoed for a
long tino by men from only onc institution of learning and tho following
discussion ains at a couplete rchearing of tho subject fron a standpoint
unhamperoed by loyalty to any particular school of thought, inlstitution,
or individual, and particularly at = clear statonont of tho value of tho
eritorie; aond their prectical epplication in the fiiclds

Definition., An intorglacial interval is dofined as a rocession

of the continental glacicrs so far north thot a teuperato climate was
restored to the United States. The problun is to find critoria by which
the oxistence of such a tiue of deglaciation iay bo estublished with
cortainty, and distinguished fron & less cxtensivoe oscillation of tho
icoc margin., The following fundauontal facts wust béd kopt in mind:

(a) it is probablo that the southern ico uar;in was thrust forward into
a fairly aild eliuato justas mountain glacicrs descond into fortile valleyws
below timbor-line, (b) the fact that the nerginal drift is nuch oldor
hon tho drift ferthor north is in itself no ovidence whatover that an
interglacial intorval occured botweun the foruation of the two deposits,
(¢} tho avideuce of doglaciation betweon sucussive glacial deposits is
found naialy ncar the drift mergin and is in itself no ovidence of roal
interglacial intorvels, (d) tho question of how closc to the ice vogo-
tation and an:inals could have existed is in large part & oatter of wind
diroction with reforonco to arcns of bare ico and sunow,for nuch of the
pmargin of the icc shuuts nust have bucn mantled with drift, (e) the exis-
tence of an interglacial interval ¢un only be proved by demonstrati ng
that nild elinmate like that of today extended over a wide area, and (f)
that the problom of tho doternination of intorglacial intorvals nust not
be confused witn the correlation of drift deposits of the sans age.

Climote near to tho ice. The air bocvues very cold over bare ice
and snow and thorofore sinks and flows away from the glaciors Aaticyclonal
winds of this type are presont in Grecvnland and Antarctica and to somuo
extont on all glacierss The cxisting continontal glacicrs arc all in
high latitudes but in Alcska winds fron the Pacific allow forests of
hardy trces to grow closc to or in drift upon tho ico. The question of
the prevailing winds in the United States during glacial tiue nust rest
upon tho detoraination of the causc of glaciation but meantinmo theroe is
sone dircet ovidonce as to how close to .lLo ice vogctation did actually
oxist. This is : (&) the "forest bod" of northopstorn Wisconsin waich
inplios @ rocession of the ico as far es the Straits of lMackinac long
enough for s ruco tross to migrato into that rogion is adnittodly en inci-
dont within tho last stage of glaciation; (b) ramains of plants and aninals
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have been found in Iowa both in till and in lunses of outwash gravels
within the drift thus strongly suggesting that they lived ncar to tho
ice, and (c) with the oxception of a portion of one locality all of tho
known vogetal roucins buricd in situ in tho drift arc subarctic or arctic
spceics which might have lived closo to the icos. 4&ny difforoanco in clo-
vation of the land thet con reasonsgbly bo assuncd could not influcnce
the elinaote noor do the ico to a motorial oxtent,

Cliuntic cvidonce of the Driftlessarea and adjacont repions. Thoreo
is positive ovidenco that no local glaciers were formed in eithoer (a) tho
Driftless Area, or (b) tho Ap.alachien mountains south of tho bordor of
the contincntol drift. A4ll evidonco purporting to indicate the former
oxistance of local glaciers in these rogions has been found to bo worth-
lcss by goologists who wore familiar with wountain glaciers. This fact
dofinifly domonstrates that conditions for gleciol eccunulation did not
exteond as far south as contrcl Jisconsin and that the southorn extcnsion
of the icc shuuts was in tho zone of wastoge.

Suriocd vegetation or "forost buds". Vegetal raazins occur in the
drift (a) as transported frogaonts sinilar to cerratic stones in both till
and assorted deposits, (b) buried botwoon two tills, pnd (c¢) buried botwoun
till and overlyin; weator or wind deposits. liatorial of the first class
ncans littlo as it nay have buen carried a loang distance. The last class
- 1. ws well as vagctation beneath all of the drift has little boaring
on tho - question of interglacicl cunditivns. Some vegctation has also
boon buricd by (a) landslides in ravines, (b) slopowash, and (c¢) huuan
agoneys &vidence of buried forest or swaup doposits based only on well
rocords is uncortain for it is difficult to discriidnate natorials of tho
differont modus of origin, particularly stroy transported fragnonts.
Vogetation buriod in situ uzy be distinguishoed by (a) loaching of the
subsoil in casc of long cxposurc of the rogion to tho atuwosphero, (D)
stumps and roots in tho subsoil, and (c) camparatifiy wido extoent at the
8qrie level, iintericl of this kind is souetiuies celled o "forest bed".
Forest bods in some cases lock a loached subsoil and then indicate neroly
@ minor recession of the icoc border.

Buried aniool reoeins. aAnimgl renains in the drift are copable
of the suuc classification as that of vegotal romains. Prescnce of
aninals iuplies ve_etation to supply food to at least some of the spociocs.
Ronains thet wore not transportod far may be distinguishod by (a) complete
skolctons, (b) pairod shells, (c) lack of abrasion, and (d) original fregii-
ityes ®holls are common in buried loess but are very rare in wator depositis.
Glacial lake clays do not owe thoir carbonate contunt to organisus.

PDistribution of organic remcins buricd in situ. Organic remains
buricd in situ botwcon tills have been reported from the Dakotas south-
castward through llinnesotae, Iowa, Illinois, Indiana, and Ohio. It seeus
clear that wany of tho occurences reported in tho older literature do not
belong in this class, DBeds of lignito arc found betwoen two $ills near
to Jaues Bay in Cenada and nany organic reanins are found in lekc and
strean dojosits betweun tills at Toronto, Canada. Loess with fossils
is found beotween tills in Yowa and Illinois. With the excoption of these
and & portion of tho Toronto deposits the deternminal ronains arc of northern
spociocs now of arctic and subaftic habitat. Forms now comuon only in
noro ®uutherly latitudes have beon found only at Toronto although MeGec
described tomporate vogetation from northoastern owa and some authoritics
have aseribod sone of the Pleistocene namials of southwestern Iowa to
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a mild cliueto region. It nmust be recognized that in most instandes thoero
is little or no evidicnco as to how far the icoe advancsd in order to bury
the vegotation; souc forust buds uey roprusont vegetation that grow soue
scores or ovon hundrods of milos. from the ico,

Involid criteria. Oxidation and leaching during a retroat of the
ico front have beun rojarded by some as ovidonco of tuperate c¢linate
but thore is littlo dofinite uvidonce to support this view; all that is
noodod is for the soil to thaw soue of the yoar. ®mvidonco from cr.sion
is also opon to the sauc doubt. &Arvsion certeinly st nave gons on
while rogions slightly farthor north were still ice-coverod; woathoring
must also havo occured at tho saue tinc. Glocial advances wore formerly
rogarded as having beon soparated by interglacicdl intervals bocause
(aE the direction of motion changed, (b) the younger drift has more
assorted metorial and morc accontuated topography, (¢) thoro wore suppuscd
difforencos in “monnor of action", vigor, or "drazinzgo conditions" in
different glacial stogus, cad (d) thore wero supposed differencos in
lithology in drifts of difforent ogoss UMost of these phenoucna forn
incoDotont and irrclevant cvidenco; they are bottor cxplained in other
wayé than by intorg;lacial intervals: ®8upposcd difriorences in elevation
of tho land so that souc ico invasions doposited only gravel and othorsg
only locss, sup..sod scloctive mection su that ico of cortoin agos carricd
cortain kinds of bowldors or duposited only thin drift or only thick
drift, and supposod difforences in “moraine-forning hobit", spoed, or
“vigor" must 2ll be classed as outworn thoorics that had little if any
velidity. :

Conclusion. Tho solc ovidence in thu cestern part of Auerica that
dofiniﬁiy provos a nild inturglocial imtervel is the character of the
vogotal roumains at Toronto and the occuronce of the lignite beds in tho
drift ncar Jaies Bay. In the west tho drying up of the lokes of the
Great Basin strodfly sug osts o uarked intorglacial intorvele &Ll othor
ovidonco is incorclusive though it docs prove (a) long duration of the
Ploistocone, and (b) uarked oscéillations of the ice marzin,

&vidence of long durntion of the Pleistucene. That the Pleistocona
poriod covered a long spoce of tine is douonstrated by (a) tihe great
anount of woathoring suffcrod by sous of the marginal drift, (b) the
great anount of orosion in the saio arcas as coaparod wita roegions nearer
to the centers of dispersion, (¢) the cxtinction of many of the aniuals
whose romains are found in the drift, (d) the $inu that nust hove been
roquired for the migration of plants during some of thoe glacial rocessions,
and (o) the groat distonce that stonocs were earried by the slow-moving
icc. ;

Evidonce of oscillations of the ico border. Oscillations of the
ico pe - in, sono of theu of long duration and of & negnitude of scvoral
hundred niles arc shown by Ga) the varying degrecs of woathoring of con-
tighous drift areus, (b) the veryin; dogrocs of erosion of tho sanc arces,
(e) overriddon zoncvs of woathored drift, (d) buried vepctal remains,
(o: buried wind, stroom, lpoko, aad marinc deposits, (f) overrridden erosion
surfaces on older drift. The nmajor oseillations were oncoe terned glacial
cpochs but growing consorvatism hos changed tho noumencleture to “stago"s

Correlation of glacial stages: Tho corrclation of drift doposited
in difforont glacial stoges is on entiroly difforent matter fron the
deternination of the cxistance of nild interglacial intervals with completo
dis' appoaranco of the icc caps. Tho following critoria alone have nuc
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value: {a) anount of erosion, (b) depth of weathering, and (c¢) strati-
graphic relation of superiiiposed deposits. 4 nunber of other phenoiiena
have been used as criteric in the past but have 1little or no value; these
aro: (a) asswiod rolotioa betweun age aand lithologic couposition of the
drift, (b) assuicd rclation botweun age and dircetion or rate of ico wove-
nont, (c) conclusions on drainage conditions based cither on the old
aqusous theory of louss or on couparison of outwash from clay till with
that frowu stony $ill, (d) discriidnation as glacial deposits of scattorud
stone, bowlders mixed with loess, woathorod jravel, bowlder bods duc to
streen work or to floating ice in lakes or tne sca, or o wave work,
including the asswiption that certeain glacicrs deposited only assorted
naterials, (e) gssunption that certain glaciors passod over dulicato
orosion forms in soft matorial without sounsibly affceting thon or changing
tho draifle, (f) asswiption that the ico faoiled to lcave any doposits

at all id' cortain aroas, (g) assunption thot glacicrs formed long narrow
tongues or lobos with no topographic causc, (h) assumption that all louss
was of tho samo ege and was contomporancous with a glacial stage, (i)
confusion of lonj pits in outwash with valleys blockud by morzinus,

(j) assumption that differcnt oges of ico differcd. in "uznner of action",
"moraine~formiag hebit", thicknuss of ico, and thickness of drift. It

i® now known that thes. phenouona are expleincble in other ways than

ns evidences of drifts of diffeorent ages. ®enc goologisss seui tu have
pinned their feith wainly to woeathering phonouens, others to ¢rosion
features, while still others, particularly studonts of ndine strate, have
been most impressed by stratigrophic relations and endoevored to reduco
the drift deposits to an orderly sequenco.

Postplacial crosion. Postglacial erosion forms must boe diseriuin-
atod frou proglacial topography thinly nmentled with drift; the latter is,
on the nverage, smoother and shows both (a) nore or less obstruction of
valloys, and (b) no sharp boundary vetween orosiun slopus and glacial
topograpny, Postglacial crousion forus arc for the nosi part youthiful to
subnature in the crosion cycle and are distincitly "topograghically uncon-
forusble” with tho untouched part of the glacianted landscope., Only in
a fow places has postglucicl erosion reuoved ell traces of glacial forus
and apyrochod the stute of topographic 0ld gpe. Where stroams were diver-
tod across rock divides jurges mave beon forned that contrast sharply
with (a) the wore uature preglacial topography, wnd (b) the mors open
velloys in drift. Whore the drift ds rulatifgy thin the crosion phonoiicna
aro not difficult to intorpret but where an crosion topogr.phy in thick
drift was loter ovorrridlon by tho ice tho natter is less simplc. It
socns highly improbable thot ice eould pass ovoer an irregular drift tpp-
ography without considcerable erosion of the sharpor divides and blocking
of the valloys. The discrinination of constractional drift topography
fron crosion forns is in places fraught with difficulty; wherc kettles
are prescont tho nattor is settled but send duncs and landslidos arc very
confusinge Cortodin btypos of erosion spurs whon viowed from below are
decoptii}y likc constructional knolls. Aroas of scatterud glocial stonos
if not due to ice rafting, are positive proof of erosion of tho finor
noterials Tho originel drift topogrophy of clay drift arcas was a ncarly
lovel ploin which in tho moro eroded rogions now forms tabular divides
botweon the valleys.

Brosion as a tiuc mcasure. In order to use the total amount of
orosion as a ncasurc of tho longth . of postglacial time it is nccossary
to first consider the factors which govern tho speol of erosion: (a)
slope of original surfaco, (b) nature of natorial, (c¢) clinate, and
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(d) vozetation. The first is of iimemso iuportemce since it reguleius
the vulocity of stromus whose carrying powor incroeses uuch wmore ropidly
thon velueity. Hrosion tonds to start on steup slopes; in 2 plain the
nain valioys dovolop first., The drift wes first stripyed frou (e) hill-
sides, aad (b) nain drainge linos; this oxplains the dostruction of tho
outwash valley triins of the older drift: Total olevetiun of an croa
above @oc. luvol is uyningoriont in the interior of the continent sinco
it tokes an imionse lapse of tiue for strowis to despen thoir valloys
back froii the coast so that the ofroet of chunge of level can bo felts
Tilting of an arva is inportant since it rojuvinates strozus that flow
down the now slopc. Northoastward tilting of the lond is kunowa to havo
occufbd in late glocial tiso but its eoffuct on strowmzs has not been worked
out, Explanotions based on cerustel movooents should bo usod with caution;
they arc ousy to asswao but nust be confirued by wmore than one kind of
ovidonce. The rosistance of drift natoriols to erosion varios widcly.
Sand, sandy gravel, and ssndy till yiold to crosion vory roadily ; clays
and clay $ills ore tunnc‘ous but slide roadilly when wet. Gravol oud
stony tills arec rulatlvly rosistant bocauso tho pobbles and bowlders
are concentratod by roaoval of the finor ucterial and thus forn protectiag
residual provols and bowlder paveounonts. Tho charactor of the drift affocts
tho parcuntare of runnoff which is 'reatest in the case of clayey naterial
Whore pestilacial orosion has roached the bod rock the character of tho
latter nust also be considercd, 4 lodge of resistant rock in a stroan
bod fixes a local bgscluvel; zbove such crosion is on lower gradicnts than
below naoking a smoothor topogsraphy which uay rescible old age forus,
Erosion is favorud by heavy rainfall espocially whon concuatratod into
vielont storms, Vojebation is related to 'both cliuate and soil. Abun-
dant vegetation incroases runoff but rotards crosion. after the sod or
root layer has been ponotroated erosion is rapid until grade is rowcheds
Erosion is at a npxiuun rote in rogions of scant vegutation with reinfall
in occasional cloudbursts., This condition with soft waterial results in
badlands as along lissouri River. & difforunce in cliuiate such that ono
aroa had tres—covercd slopes and anotheronly grass would uske a tromcn-
dous offcect on the wiount of crosion in a given spacce of tiue,

Work of placizl wators. Soumc of the cldor guologists referrod iauch
of the erosion of tho narginal drift to the work of wators from the uelting
ico sheuvt. This procoss was unquestionably important along the nain
channeols of glaciacl drainage beyond tho zonc of outwash d39051t10n, g8poc~-
ially where tho stroans had o hign gradiont or coarricd the flow from
lakes. It rosultoed in over-developnent of those vellcys as compared
with their tributarics, a fact which serves to distinguish phononona of
this class fron poustglacidd erosiv.a duc to local precipitztions

Practical application. Inasuuch as tho sum total of postglocial
orosion is thc valuo of om cquation with o number of factors bosides timo,
erosion cannot bo used to cumpare the age of two arcas of drift without
oither (2) proof that the other factors are oqusl and can thorforc bo
cancolled ., or (b) naking o quenitative estivate of the relative valuas
of those fuctors. In this conncction changes in clinate are very diffi-
cult to ovalucte for (o) thoey affected adjacent arems in varying dogroe,
and (b) elinate affocted vogetation in unknown dogree. Although it is
clear that the drift cutside tho terminal wmorsinoc of the young or Wisconsin
drift is vory nuch oldor than the lgttor the subdivision of this old
drift into soveral ages on the basis of orosion foatures is fraught with
grave chances for orror, Attenpts to usc crosion as a quonitative moasurc
of ago are open tc tho most sorious quostion for ncither (a) tho proportion
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of WU area affcctoed Ly struan work nor (b) thu total voluue of matericl
ronoved can have any dir.ct or even ppp raxlnutly detorminable ratio to
the tiue involvod. Rato of orosion unquestina bly follows a ducllnlnb
curve with wony verictions dus to chanses in the factors notul abova.

Postrlaeial Jaatuur;gu. Virtually a1l drift shows soue postglacial
woathoring: @oiic joolopists hove clained that the obsorved phenoionc
aroe duc to hdJlxturu of preglacial woathored material and instences of
this undoubtodly ocﬂuqud Proof that tho altoration of most of tho drifi.
is postgiceial lies in tho obsorved downward gradotion into frosh drifs;
in thu case of very thin drift this cannot be obsurved since alieretiou
has oxtundoed clear through znd in meny cascs into tho Led rock. Tho
phononona of woathoring noted in thc dri ﬁ arc: (&) oxidation, (b) soluti. -
(c) disintogretion, ( uT couontation, and under certain conditions roduction
Oxidation is meinly observed by the change of color of tho irom-bearing
cumpounds to yollow, brown, and rud. These high colors extund gradually
dowm to frosh drift, going doopost along cracks. Unaltered drift is for
the nost part grey or blue in color but there arc cxcoptions like tno
rod till of northorn ond northeastern Wisconsin which was nade frou rod
lcke clays. Thoe colored gone of oxidation is called "furrctto by tho
Towa q_olo~ists. A vory confusing factor is introduced wien thoro is
a porcod weter tableo dus to altornatln pervious and iupervious natericls;
in Such a caso oxidized natorial mey be found bencath fresh thus suggest-
ing an oxidized drift buried by a later frosh drift. The lowest linit
of oxidotion is normally fixed by the weter table, Other confusing phonov..-
ona are (a) oxidation of ravels causcd by uscoying ground waters which
carry irom in solution, and (b) abnornal wmount of oxidation in and adjac-
ent to matoericls which carry iron sulphidos. Sokution is best obsurved
with tho carbonates of calecium and magnesiwi since these dissolve readily
in waters contdining carbon dioxide, Iron is dissolved uainly in the
zong of hwus but bonecdth mershes iron is removed to a depth of several

foot., ®&clution offucts arc also limited by the water table in most instaucc.,

but for tho most part extond to nuch less depth than doos oxidation.
Rapidity of solution is favored by (a) sucll size of particles, (b) abun-
dant carbondioxilu and organic acids, and (c¢) moderadoamount of water.
Pisintoegration of pcebilous and bowldors is conditioned mainly upon the
character of $h¢ rock; it is particularly favored by oven & very suall
amount of iron sulphidc which suts fres sulphuric acid when weatherod.
Ptones exposed to the air dry rapidly and se noy suffer less than thosc
which are iubedded in the soil; a confusing factor is that easily dis-
intograted stonos on the surfacc fall to picces and gre lost while thosc
of the sanc kind in the drift arc heold together and can be scen in exc-
avations, Goarso grainod basic igncous rocks, schists, shales, and liuo-
stonos suffer disintogration readily; quartzite, chert, and fine grainod
or very acidie ignoous rocks last loagost. OSomc stones that aro now
1sintogrutod nay have beean wcqthcrud in proglaciel time and tr¢n3portad
whilefrazon, that others were altercd before trensportation is shown by
glacial faocots that cut through to the freshor cora, Cenentation is caused
by (a) evaporstion of sciitions eithor before rce.c:.nb tho watop table or
on escape to the surfuce, (b) chomical changes like loss of carbon dioxide,
supersaturction, or introduction of oxygon, and (¢) meuting with solid
material of tho sano kind. The lest procoss is in part tho eausd of
concrofions which arc abundant in clays and loecss just below the zone of
solution. Iron and mengonese oxides and calciun carbonate aro the most
gommon cements in tho drift; thoy also occur as vcins and in bands par-
relel to tho surfacoc., Some bends of mangoncsce oxido have doubtless beon
nistaken for buried soils. Gravels have locally beon conented into con-
glouorate and tills into tillito. Roduction takes placo (a) bone.th the
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w able, and (b) in thu presonce of organic mattor., This fact oxplai..
in tho gray or bluo color of deeply buriod drift and of drift closc
to buried forest boeds, poat; and wood,

Guugotil, Tho name guabotil has beon epplied by Kay to a sticky,
tonacgous, proy to blaock, unsiretified, gritty clay with a starchy frac-
ture when dry. Tho clay conteins sand and spall pabbles of vory resistant
rocks as well as occas:ional disintegrated bowlders. It is non~calcar-
oous and containg less iron and more¢ &lumina than do the adjacent clay
tills. It lios upon loached oxidizod till which grades downward through
oxidizad waloachod till to the fresh unoxidized unleached till, The confec.
of the pudbotil with the brightor colored netoriel below is a relativly
abrupt gradation, The naxinun known thickness of gunbotil is about 12
foet. Therc is every gradation from nornal gumbotil to non-calcaroous
silts without any grit or stone but guubotil is decidedly unlike: flood-
plain guubos, Guubotil is unquestionebly tho product of weathering of
tho till undor swanp conditions before the present postglacial vallceys
had bocn devoloped to their present soze and extent. It must have requircd
a very long tiac to form a gumbotil layer but not nearly as long as to
forn the sanu thickness of residuel soil fron solid rocks In souoc plucos
slopowash added to tho thicknoss of gunmbotil; locally there is a pobble
lino below the gumbotil which sug;osts tho transportation of the cntiro
doposit at that particular spot. @Quubotil is found (a) on tho reuneants
of the original drift surfaco, and (b) buried botweon tills., In gge it
is found on tho older or pro-Wisconsin drift, buried in thet drift, or
buricd under the younp or Wisconsin drift. Its absence fron the latter
is explained by (o) tho youth of the drift, and (b) its more stony
composition; no gunbotil is found on sandy or stony old drift as in north-
orn Wisconsin. It has buon sugjested that the guubotil of Iowa was fornud
on a low-lying pleoin that was lgtor upliftod and dissccted but such an
ocxplanation hardly scoms ngeded: Gumbotil is the best critorion so far
discovered to danonstrata prolonged intorvals of deglaciation but it is
by no noans certein thet it domonstratos tho existence of a tomperato
climoto, ; ;

anount of woathering suffered by a given deposit is to measure thoe depth -
of weathered material, To draw conclusions as to couparative agos it

is nocessary to consider two qualifications: - (a) the factors that affected
the spocd of woathoring, and ?b) the factors which affected the amount

of weotherod natorial loft in situs, Tho rapididy of weathering is governcd
by (a) kind of matorial, (b) structuro of matorjal, (c) cliuatey (d%
topography, (c¢) position of the wator table, and (f) vegotation, Drift
that contuins curbonates, sulphidos, and other rulaﬁif?y solu.ble minerals
shows weathering in loss timo than drift nmade of resistont natoerialse

The amount of c...ily sltcrerable matorial nust bo taken into consider-
ation; for instonco drift in rogions of crystallinc rocks is non-calcar-
cous whon fresh but it takes a long time to romove the carbonates from

tho very colecroous drift of o limestone regione Porosity is o vital
factor; sandy drift woathors nuch fastor than do#s clay drift. Gravel,
howover, although morc porous than till, is nade of hardor; water-sortod
stonecs and in nany cascs is so permiablo that it drios out beforc nuch
solution tokes place; this is particularly tho case with knolls of coarse
gravel. Structural featurecs include (a) bods and passes of assorted mat-
crials in till, and (b) joints. Thosc foaturcs influonce the amount and
rate of water movomont and locally thoy dotormine porched water tablus.
Buriod vogetal nmatorial nay cause solution in tho undorlying material
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en account of thc unusual supply of acids and carbon dioxidc., #®uch
might be very hard to distinguisih frou weathoering at tho surface. 6€liunat
factors are {u) tumporature, (b) awount ond uanncr of proecipitation, and
(e¢) longth of thu frozun scuason, High tcuporaturce favors woeathoriag
but laos not oxtond far into the sull Too moist a c¢liucte is unfavorablc
as it moans a high wator taoble. Weathoring is at = standstill whilo the
ground is frozun but froquont froeczing cnd thawing is very fovorcblo.
Poercolation of wator is least during tho tine of frost and after prolongec
rains whien tiv soil is saturctud. Topography also governs the aunount of
runoff; the wator toble is noarcest the ssurfaco in flat rogions and in
cley drifds Vogetation (2) brozks up tho soil, (D) furnishes corbon di-
oxide ecte., (¢) #oteins Woethorod matorinl in plece, and (&) reduces
percolation. Supréuhy aredocdo e Bgdostant agents of weathering ir
some rogions. The facforg which affoqt tho dopth of woeathured uatericl
loft in place are those that regulete the spsll of erosion for retention
of residium ond erosion are nutually ontegonistic. Whory crosion is at
its nmaximuu on stoup slopus frosh drift nay conme to the surfaco while on
adjacent flat uplands thorc is o thick nantlc of woathered drift. Croup
and slopewash arv elso confusing factors.on hillsides.

Proctical application. The practical application of weathering
phenomena to measuring the age of glacial drift involves essentially the
same problems as does the use of erosion phenomens ond is equally subject
to the personal equation. In limestone regions the depth of leaching of
the carbonates is the criterion used. This is determined by testing with
hydrochloric acid. In regions of crystalline rocks recourse is had to
depth of oxidation; this extends deeper than many cuts and is in general
very variable and uncertain as a criterion, Observations thot are at
all accurate arc possible only on the tops of divides and as cxposures
are rare in such positions recourse must bo had to borings with a soils
augore A¢count must boe token of non-glacial materials like loess that may
cover the till. Average depths of leaching and oxidation should bo arr-
ived at with caution since averages of figures that vary over a wido
range moon very little., Abovo 2ll no attompt should be made to apply
avorages oither (a) to regions outside whero thoy were worked out, or
(b) to drift of difforent composition, Tho factory: of past climatos
and of porosity are very hard to evaluate. It is little wondor, thero-
fore, that conclusions based on weathering are very uncertain and thet
many errors have in all probability crept into the literature, The phonom-
ona of weathering arc valuable critoria only whon used with care and in
conjunction with othor evidences

Stratigraphic relations. Glacial deposits and associated glacio-
fluvial doposits are fundamentally different from marine sediments.
They cannot be oxpected to form contimgous sheets or formations with
definito and distinctive lithology, fossils, or sequence. Thoy wero
dopositod on an irrcgular land surface; deposition wgs interrupted by
tho prescenco of ice. The materials weroe largloly dorived from the immediate
vicinity and not from distant sources. Qomplceto soquence formed by
deposition of sucessive tills above onc anothor is essentially o marginal
phenomenon, for under decp ice glacial erosion removed much of the older
drift. A stratigrophic hebit of thought is thorefore, a fundamonteal
orror in doaling with glzeinl deposits although it is true that in the
flat states liko Yowa and Illinois therc is some approach to a definite
soquenco of drift matorials, For instance, correlation of gravel bods
found in wells is very hazardous sincc they are morc likely not contin-
ious or contemporancous; the practice of giving formational names to
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such depousits is to bo condemncd., In fact, all ei. idunce from logs of
wells from which no somples have been oxamined is open to guestion;

"hard pan" may mcon till or compact gravel. The assignment of &1l aquuov.
bods botweon tills to interglucial intervals is very doubtful elthough

it wos once comuon praeticc. Intorglocial stroems were much more likely
to erodc thardto form doposits of coarss gravels; gravels within or below
till arc much moro likoly to be glecicl outwash thananything clse, Abton
pts to distinguish tills of difforoent agos in the sane socctiva by color,
pcbble contoent, or dejroc of comontation arc very questionable sinco thu
phenomona may readily be oxplained as duc to distance from the surface

or othor sinple causces., Furthermore, it is ovidont that mony doposits
that havoe beon described as till are not such and do not show a roadvanc.
of the icos Tho difficulty of using vegotel remains roportoed in wells

as a stratigraphic line of division hes boon pointod out. Swamp duposits
can be corrcletud over limited distonces by woens of clevation as con
also guabotils, If tho gaps arc too long, howuver, this ncthod iiay
fails, Locss, gunbotil, and loached zonos betweon tills arc the only

surc ucons of soparating drifts of difforont ages in the same scction.
Forest or swoup deposits without lcoachud subsoil may indicatc a minor

icc recossion. Application of many of thu criteria usced in the past Red
only tu absurditics and it is now evident that separation of drifts of
difforent stages of glaciation by stratigrophic wothods is not the simplc
task thet it once appeared to bes Wiscrinmination of erosion unconfori-
ities betweun tills is vory difficult and it will not do %o say that the
lator ice failod to leave any drift in sonc loccliticss It is probablec
that scrious orrors have been comaittod in tho scphretlon of drifts by
the mothods outlined abovoe

Fiold methods. Disintegration of stones is apoor and ovor—worked
eriterion of agus Leaching is doterminable only in and noar to lincstonc
rogions. Its dotormination involves tosting with dilute hydroechloric
acid profurably in scetions made by boring. Borings should be located
where crosion is lcast. Pobble counts should be nmado in both fresh and
woathered drift with record takon of tho dopth from the surface. Oxida~-
tion is a poor oritorion but wust be observeds The soil auger wust be
ovor 6 foot long ond provided witn o chisss to got by stones. In studying
soctions core nust be taken that (o) nmaterial overlying the supposed
buried lond surfecc is really till, (b) the differcnces of natericl above
and bolow the zonc in question is nat duc to ground water conditions,

{c) no possibility oxists that the overlying material was placed by land-
slides or slopownsh, (d) black zones arc not nangenese oxide, (¢) plant

end aninal remeins arc insitu, (f) plant and animal ronains arc collected
end detoruined by o compotont authority, {g) true gunbotil is distinguishcd
fron stroan gumbo, and (h) that orgonic renmcins were not introduced by
huanggoney, possibly as a hoaxs well records nust bo collocted but
inforonces nade frou then with carcs Above all, older publications should
not be tokon at faco value but tho problon should be approached frou the
begining.,
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HISTORY OF THwa DISCRIKINATION OF THE GLACIAL SUCCESSION

Pioneer exploration. The announcoment of Croll's hypothesis or the
cause of tho glacial period took plecc in the late 60 se .- It immediatly
started a soarch for interglacicl deposits gince it roquired the prosence
of o number of ropidly recurrant stages of complete deglaciction and to
find evideonco of such wos to deomonstrate the validity of the thuory.

The sarliest montions of vogutel denosits in the drift as of intorglacial
age were by ﬁlﬂchull and by Orton in 1873. In 1875 MecGow called the
"forost ted" of northeasturn Iowe on interglacicl doposit which marked

a vory loag intorvel betwoon two glaciations. In tho samo yeoor Chamberlin
began. to rocognize tho great difforoncs of the drift within the terminal
moraine from thot without but his conclusions werc not published until
1878, Hinde described tho intorziacicl doposits st Toronto in 1878,

In 1882 MaGec and Coll deoseribed the logss betwoon two tills ot Des Moincs,
Iown, but failnd to rogognize its significance. In 1891 licGe. announcod
in his finol report on neriheastern Iowa that the forest bed marked the
principel division of the glcecial period, In 1893 Salisbury publishod

the only catagorical summoary of the criteria for the discrimination of
difforent agos of drift th-t has over gppoarcd.
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Noming of the stagoss In 1894 Ghamborlin bugan the practice of giv
ing goographical namos to the dififcroent ages of drift. The drift of
southorn Towa and Illinois was callod Koansen, that of northeastorn Iowa
the Bast Iowan, and the young drift tuc dost Wisconsin. This establishoc
a tripartato division of the Pleistocenc which combined ieGoo's forest
bed and thoe tormincl morcine es moajor divisions of the Pleistoccnao.

In the following ycar Qhamboerlin dropped the prefixes East and named tho
Aftonian interglacicl deposits which he placed betweon the Kansanjand th.
Yowon driftse¢ This corrcelation placed the surface drift of southorn
Iowa as of Iowon ages In the seme ycar Dawson named a supposcd drift

in westurn Conada the Albertan and placed it as older thun the Fincan,
that is oldor thon the till benesth llcGoe's forest bed. In 1895 Caivin
described and named the Buchanan gravols of northeastern Toww; oo ac
placcd betwoen the Iowan and the Kansan drifts. Later in the sai. yoar
Chamberlin announced that it had bevn found thet the uppermost #ili of
northoastern Iowa was not the uppermost till of the southern paru of

tact statc, tho till above the Aftonian deposits; thidls placed the Afton-
ian below the Kansan drift. A succession of five drifts was theroforo
announced: Albertan, Kansan, Illinoian, Iowon, and Wisconsine Of thesc
tho Illinoian had been.discovered by Levoerett., The Toronto interglacial
deposits were named the Toronto formation and placed just before the
Wisconsin drift., In 1897 Leverett announced 2 subdivision of the Wis-
consin drift into two distinct stages marked by e shifting of the ice
lobos; this marked thoe introduction of the term stage instead of opoch

in spocking of ice advances, In the sucbeding yoar the same author namcd
the "“intervals of deglaciction or roccssion" so that thero wers no recog-
nized six drifts and five intervals: Pro-Aftonion or Albertaﬂdrifﬁ,
Aftonian intcrglecial intervel, Kensen drift, Yarmouth interglacial intci-
val, Illinoien drift, Sangamon interglacial intervel, JTowan drift, Peori:
intorglacicl intorval, Barly Wisconsin-drift, unnamed intorval, Late
Wisconsin drift., In 1903 Fuller and Veatch attempted to transfer this
column to tho Atlantic scaboard. In 1906 Caolhoun discovered that the so-
callud Albertan drift is not a glacial doposit and the term was accordingl
dropped in favor of sub-Aftonian or pro-Kanson, In the same year Cham-
berlin and Salisbury first uscd the term Jersian for the old drift of

New Jerscy. In 1910 Shimeck suggestcd the name Ncobrasken for the pre—
Kensan drift. s

Modern conservatism. In 1909 Levercit, after findiag only four
drifts in the Alps, attacked the existence of the Iowan stage of glacia-
tion or at logst its soparation from the Illinoien, and at the same time
minimized the subdivision of tho Wisconsin driit into two. stagus., This
drow a vigorous roply- from Galvin in 1911. In 1915 Leverctt formally
abandoned the usc of the torm morly Wisconsin as a stage dosignation.

In 1917 Alden and Leighton roported in favor of the retention of the
namec Iowons. & fow geologists, particularly G. F. Tiright, always hold
out against the thcory of scparate glacicl stages with interglacial
intervels but thoir viows met with 1ittlce encourggmeant. The idca of
multiple glaciction is now firmly established although there is still
much room for diverjence of opinion as to (a) the exact number of stages,
(b) the extent of tho recossion of the ice during some of the intervals,
and (c¢) the corrclation of some particular oroeas.
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THa PLaISNIUCwAE GLACIAL 8UCCHOLION

Introduction, Tho PluiuﬁJ0unu glagicl sucussion is discussud
undeor thoe followiag nuhd Nooraskin drift, old drift of Ponnsylveonia
and Now Jorsoy, aft: 11uurv.l, Konson drift, Yarnmouth intervaol,
Illinoian driit, oanshnqn intorvel; Iowon drift, Peorizn ianturval, Toroai.
Insorgloelicl deposits, Wisconsin drifl, stbdivision of tho Piul&uJCunb
drift in e costern Unitoed Stotus, with tho conclusion that it has not
beon provoed thot ku) there was more than onc wmild intorglaecicl interval,
(b) tho' cxist-nce of the Towan drift is questicacblo, and (c) some doubt
mey be onborteincd as to.fhe seperction of tald Kcnson cnd Tllinoion stagos.
8omo of tho nomos, paorticularly Nebrgskon, &ongrion, ond Pooriom are
found to boe inapproprintc and mislouoding.

NEBRASKAN OUass OF GLACIATION : :

Nomenclature., The name Nebraskon was first uscd by Shimek ian 1910,
oroviously the terms sub-iftonion and pro~Konsw hod been in usc and for
y time the corrclction with Dawson's supposcd alborban was in vogues Th.
none Yobraskon is a misnomer in thet no drift of thet age in known in
Nebraske.

Distribution. Nobraskan drift is dofinitly known in southwestoern
Iowa and possibly in northorn Missouri. % nowhore forums tiav surface
drift{ cxcupt where uncvercd by postglacicl erosion. ®ome geologists
havo elaimed th .t the scattored stonovs on the blufis of tho Mississippi
in Towa and Uisconsin cnd some of tho much orodoed drift of contral Wis-
consin are Nobrasken drift. There is littlo if any covidence to prove
this and soms 0f these may be pro-Pleistoceac,

Dgscription, The Webraskan drift of Iowa is fur tie most part
a dense, dark greenisi-blue clay till with ralaﬁi@;y few pebbles or bowl~
ders, It was formerly supposed that this lithologic characier was a
distinguisiting feature but this has bsen shown to be an error and it is
now kiaowa that the Nebrasken drift cennot be distinguisiied in this manner
alone, Tie peculicr golor and texture are mainly-to be ascribed to (a)
derivetion from weathered shmles and other residium, (b) reducing action
of jround water oa accouut of organic matter in the till and deep burial,
and ( ) pressure of tae overlying drift. Souwe of the supposed $ill may
prove to be strosm or lake deposits, . Lenses of sand and gravel oceur,
some of them formerly celled Aftonian interglacial deposits. The scattersd
stones of the mlbbi 58ippi region may not be remmants of- an eroded till
buL may be either (&) outwash formed before thc valleys were as deep
s they are now or when the valleys were filled with ice, or (b) pre-
Pleistoceue gtream gravels which entedate tho erosion of the valleys,
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OLD DRIFT OF FulliSYLVANIA AND N&w7 JWRshy

Nomeneclaturc, Tho old drift of Ponnsyvania and Now Jorscy hes
boon calledle) the fringe, (b) oxtra-morcinic drift, ond (e) Jorsiin
drift,. The last namo was applicd by Chamberlin and Salisbury in 1906.

‘Pistribution. Tho old drift forms o' rulativly narrow strip outsidu
of the torminel morainc of the young drift. The groatost width is about
25 miles and occurs in New Jersey. Tho tract is not arcally contingous
with the old drift of tho Mississippi baosin.

Doscription: Tho drift is thoroughly QXlﬂlZud stony till which is
too thin to show an unaltured zonc., Undisturbod drift is confinced 1o
hill tops cnd much of thu arca shows cither no drift or only scottorad
stones. Thors arc no gl cial topographic fuaturcs,

Int\tprutution. Difforcent- obscrvuers hovoe intorproted the old drift
es (o) & dCUOult mado by tho first tomporary advence of the icu that

built the morujng Lnd thoreforo composcd mainly of proglucicl rosidual
matoricl, and (b) a drift of far groater age than the morcinie drift,

?rosumably soperc tud by o long interglacial intorval. Advocates of tho
ormer viuw point out (a) the unlerm oxidetion - ot GHo drlft from top to
bottom, (b) thc freshacss of the. undorlying rock which in. placc¢s carrics

string (¢) the foet that some pcebblos wore strietod gftor weathoring, .
and (d) that drift loeally cxbunds to the bottoms of thu valleyss
Salisbury showed that the drift was very old by (a) the prusont disinto~
gratod condition of somc of the stonus which muet havo booen hard whon
transported, and (b) the orosional topography. The question was ably
argucd on both sidus ond it is possible that maturial, of both modes and
timcs of origin arc proscnt., Corrclation of this old drift with thoe
deposite of tho wast hardly sccms possible but some jcologists scom %o
havo nssumed thot the forsicn drift is the Jhbrudorlun corrclative of tho
Nobroskan drift, Whilc this might bo corrceet there scomg to bo no justi-
fication for corrclation over so long a distange of difforont matorials
in vory difforont climotus,
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APTONTal INTERVAL
Nomenelature. Tho type locality of the aftonian is near &ftun

Junction, Union County, Iown. Tho torm was first used by Chamborlin
in 1895, but the dupusits weru forst described by. bain in 1898.

Bistrivuticon., wftonion doposits have beon doscribud througnout
a lorse port of Iows hoving for tho most part beon found only in wells

MeGuo's furust bed in nortncastern Towa is corrclated with tic Aftonian,
ond in 1908 #himck rextondod the Aftonien to include gravels in tho
Miggouri Vollays

Doscription.  The aftonion deposiis of wesiorn Iowa are fluvial
gravels; Lnds, and silis,. - In-the typo svction those doposiis are. ovar-
lain; undorlein; ond inturbeddod with till. - It is possiblo-that some
of tho roported aftonian buds are oither (a) next tu the rock bulow all
tho till, or (b) 1i. obove tho drift having Beun ia placus ®ovorcd with;
slopewash or assumcd to oxtend back ianto the Wlufis.wacre in fact they
did nots Tho practice in wostirn Iewg soums 1o hove boen to placs tuc
first gravel bed cacountervd in wolls as of aftonienages  In northeas-
torn Towe poat and soil are rofforud to thoe Aftonign; those wore what
MeGeo called the furcst bo#s Tteis new known that thore is o widespruad
gumbotil in Iowo thot marks tho top of tho Nobrasken till end therfore
roproscnts the Aft.nion intorval.,

Orpenis romcins. The Aftonian gravels of Missouri Valloy hove
yiclded bonos #f thusolophant, horse, deor, oveaver, sloth, camel; ete
as well cs mollusks. The vertebratos arc all oxtinet spocics but -tho
shells aro modorn voaristivs. Tho condition of tho romoins shows thuot
tho animals lived nooar to thoe placo of deposition of their romeins.
MeGoo roported a numbor #f hardwoods, ash, hickory, osck, lindon, maplo,
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"&“umne, end walnut ;- S T8 - omong $he more cbundont spruco, pine,
cedar, and willow., Y.ater ebscrvers in northeasturn Iowa, howuever, found
snly sprucc and arctic spucius ef moss, It svems possiole that idcGou
eithor (o) had access to meoterial no longer availuble, (b) made orrore

in idontificction, or (¢) confused ancicvni end modern organi¢ remains,

At ®nc point in Jowa a mastodon skcleton was found in till just above thc
hebraskon gumbotil,

Interprytctiondt the type locality of the aftonian there arv Bevur:
layors of sond cnd gravel separcted by tills tuct contiion much wool dn
small frogments, Thoro is no evidenco of weathering; erosion, ¥r notoble,
orgonic growth which might indicate a considerable lapsu of time aftor
the doposition of any of the fluvicl bods bofore it was buricd by a reac-
vance of tche iec but it is possiblo that troees grow on-some of tho grav....
Tho slight oxidized zones at the tops of some of the gravel bueds were
probably formed since ground waters cscaped into the dry gravels, a pro-
caess ccculerated by the oponing of tho pits. Tho fossiliferous gravels
of the Missouri Velloy howve tho scme choractors; it idbossible that sonc
of them lic cither (a) biclow all of the drift, or (b) above all of the
drift and arc covervd by slumped till only, Thore is somo disputo as to
whether or not the animals whose romains are found in the gravels could
have lived <lose to the ico bordoer. It is thought possible that thoy
did and thet the greatur obundonco of orgunic romoins in tho gravels is
due to (a) bettor prescrvation then in $ill, end (b) greeter amount of
excavation in the gravels, In any case theru cun be little doubt that
a lergo part of thoe so-called Aftonicn gravels are not intorglacicl but
are glacicl outwash lonscs and masses in both the Konsan and Nebraskan
tills; somo may bu inturglacial stérceam terraces cithur of -Aftonian or
post-Kansan age and others might be preglacial. Although the typo suetion
of the Aftonion has lost its significance tuore is ample cviduico of a
proloaged stage of glocicl rocession if not complceto deglaciation butwoon
tho Nebrasken wnd Kansan icc advances. This consists of (a) gumbotil,

(b) an erosion surface on top of the Nubraskan drift, and (c¢) peat wad
forest remeins including MeGeu's forest bed in northoastorn Iowa, In viow
of tho conflict of ovidunco as to the ergenic remaians of tho forest bod

no conclusion can bo drawm as to climato during its formation. Trowbridge
has claimed that the crosion of the major poriion of the valleys in tho
Drifitless Areca took plucce during the Aftonicn. This view sooms oxtrume

if not entirly untonable since.%a) Nobraskan drifit is prescat at quite

low altitudcs if not proved to extond into the bottoms of dosp proglacial
valleys, (b) the uplend gravels of the lississippi blufis-may be proglaciw.
and have not boon proved to antedato the valleys, (c¢) somo truc glacial
drift in thot rogion docs entor the valleys and there is little cviduncu
for two ugos of drift at that locality, (d) ovun whore drift is absont

in the velleys it doos not follow that the cntirc amount of crosion i#
post-drift for the drift moy never have baen thick cenough to eausc driifnago
divorsions and have beon ontirely oroded on the valloys, (o) such a vast
amount of corosicn is out of harmony with tho erosion of the burivd Mok~
roskon area, and (f) postulated differcncus in climate and clovation

are either incdpetont er unsupported by other evidonce, It is a stonge
fact that although thoravidonce on which the Aftonion was orignally def=
ined is worthlcss, thure is novortheloss, a rool "Aftonion" intervcl of
groct length and possibly constituting a real intcrglacial stage, The name
Aftonion should bo droppod as inoppropriate and cnother torm useda
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KAISA OTAGl OF GLACIalIoN

Nomenelaturs, Tho noue Konsan was given by Chooverlin in 149+
to what wes thon considurud the oldest drift, the "Lower Till" of LcGuo.
This plaeud thv Kenscn bolow the Aftonion grovels bui in 1896 Calvin and
Chamboerlin &p;lit up ieGue's "Upper Till"™ into Konsan aad Iowan drifts,
thus prus{&ing the corrvlation of the "Forust Bod" with tie Aftonicn ¢
but mcking the surface till of southorn Ivwa tiav Konson driit.

Distribution. Drift of thou Kensan staze makes up bus great oulk
of tho drift arva outside of the turmincl moreino of thu youag Jrift wost
of Mnglelpji River: Just how far west this drift oxitonds is unknown
but it scems to oxtond northoost into central Wisconsin. & small aren
of old drift in northwostorn Ponasylvonia has beun bvntqtlfly gorrulatod
as Kanson.

Doscription. Tho Kanson drift livs nainly in-on arco of sheles wuu
sholay swadstones cnd is thisrefore a cloy till with liLulu gone and gravel
The paucity of glocie —fluvicl doposits hns been uxugtrhtud by tiu praCuih-
of assigning tic stratificd deposits to inturglacial ‘intervels aad giving
thon fornotioncl nomos. “Gravels within the till werv called Aftonian
ond thoso cbove it Bucheonon. Muéh of thy Konsen $ill is o blho-gray
goloxr; i. wos once bolioved thut this color was a distinetive fowture
and that thoere wos also o characturistic assortuoent of erratics but both
idaas have now buen chandonod. - exidation oxtunds to a depth of abous
30 fuot in mony plecos; soms clafm thot tho average is 20 foot but it is
vory difricult to suve how this was arrived ot. Loncaig M verivs frou
nothing on slopes to from 6 %o 12 fuut on uplands; somc claim an aversgu
of 12 fusbs Thosu figurcs noegluct the guubotil that covers many of ithe
uplends cad hos 2 maximum thickness of 12 feot, The supposod Kansan
drift of é.nitral Wisconsin is much more stony thaa the knovm Kansan of
Town ond gust hove in lkrge part never hed cny lincstoac contund; it is
douply woathored and oxidizod, Tho Kansan drift wuet of the Mississipoi
is for tho greater part covered with looss, - Locclly an old rad leasched
loess is found bunoath whs fresher gray and buff calcervous louss; this
Shiick c¢alloed tho "Loveland formetion™., Tho guabotil was at ono tinc
calicd "Dallas u.\....JoJ. T

_ Topogrophy. Tho original .topojrephy of tiv Kocnsan drift of Iowa,
Ngbraskan, aad Missouri was osncarly level plain, Thers scums never to
havo begun cny torminal morainc gt thdé drift border or any roccssionel
morainos; mb-lesst tioro is now no Hrace of sueh. Tho drift plain has
beon oroded to the stage of advonced youth so that the only remmants
arc the nerrow divide tops many of them capped with gumbotil.
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wnses and bovilicrs of jrovel huave roeistud erosion boteer than the $ill
end firm lod us or kioslis on tho snootavr slopos. Hhore uvrosion hes
touched the donse ebroskan gunbotil bunehos howe deuil foraod. an ox-
ception t0 the forug.ing type of topogrephy is fourl in northwestorn

Towa. Thers erosion has ruuoved all of tac origiacl plain ovor coansidur-
cblo arvas, roiuing the country to thoe sumooth curves of advoneud mcturity
Tho lows instuad of rosting on gunbotil or thoe "forutto® (oxidized drift)
livs on frush $ill; In iuch of %his rugion tie strocas have been rojuvin-
atod and arc now disscetiag the older orusion surfoce so thot two typus

of topography erc presunt in the siiv arvo:  In nortaeastern Iowa sinmilar
conditions suuin to huwe obtained ond long norrow sirips of rolliag ecountry
oxtond in onc pluee t9 the bonks of the iississippis Theso smooth tracts
arc on dividcs and oro scparated by rough crosion topography along tho
uodin stroauss. Within the snoothoer arcas are socue of the low,; looss-covu
drunlins called "paha" by ieGous Tho supposed Kanson of Wisconsin shows
suwovth erosion topography ead that of Punasylvanis oceurs in o rugged
country of rock hills, a rogion quitc unlike any of tho wostorn drift
aruas duserived obovos :

Inturprotation. «ll of tho rocognizoed Kansan drift cocms from tho
Keuwatin cuntore The questionable drift of Ponnsylvania is Labradorian
but corrcvlation sowus iupossible with such gront difrorcences in cunditdons.
It socis vory strongoe thoet thore should not be a Laorddorion corrvlative
of corr¢sponding oxtont unloss it should youi prove tact tac Illinoian
drift roally bolongs to i sSane stage as the Koansan. This question is
discussud in murs Jdetail under the heading of tav Illinoians It is iu-
possiblc t, ascribu the topography of the uncroded Kensen drift to @
wutknuss of glacial aetion for so extonsive aa ico shout must have had
a fair reto of motion ond have lastoed o long times Abscucu of noraines
is rother to bo explainud by (2) elay drift which could not fori stuop
slopos, (b) lock of prolonged helts of the ice nmergin, and (c) orogion -
of what ridgoes wore formed. It mey well have boun thet the far-flung
southurn margins of tho ico wos mantled with welted-out drift and loosing
its motion wested graduclly wowey without forming oithor outwash or reco-
ssi ‘nal moraiancs and thet the outermost margin never romcined stotionary
for vory long.s Tho auocunt of stratificd drift, h@ﬁvUr, has beon under-
ostimated for (a) the till could not furm nuch gravel, (b) wony doposits
have been misinterproted as interglaciealy and (¢) crusion has destroyud
the valley trodins aloag the larger rivers, Tho old turraces of tav Wis-
consin, Ohio, and othur rivers whore the rock botwow of tho valloy hes
boen sincdlowerud scorcs or hundrods of fout bulong in ¢uis ¢lass although
somg of thom may woell bé of Nobraskan ages The grocot age of tho Xansan
drift is shown by its profound crosion end its decp weathorings - uost
of both procussvs wurs complotud before tuac deposition of the youngur
looss. Just why portions of both northwosturn and castorn Iowa differ
in orosion foatures from soutitvrn Iown and northorn Missouri has nover
boon oxplainuds Thou reason doubtluss lius in a combinestion of (o) cltitule,
(b) elimato, and (c) underlying rocks The drumlins on some of tho intur—
stroam tracts in oastura Isve do not sug esi doup orosion but rath.r
roments of an originel drift ftopogrophys Many observoers have sought
to place those aroas of smooth topagrophy as youngoer thon the Kansan;
thoy havoe been eseribud to the Towen and Illinoion stajes by nost, and
by somo 1o an sarly advancc of the Wisconsin. Objoctions to this viow
aro (o) the impossibility of vxplaining tho boundarics of thuse tracts
on a theory of lo.gz narrow ice labes, and (b) the lack of evilunce of any
vertical division in the underlying drift deposits., The mettoer is similar

A

to tho gquostion of the Iowe drift and is furthor considored under that
hoad. :
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Nomanclaturc, Tho tura farouth was first o od $0 i dnturval
botwewa tho Kensan cnd Illinoian drifts by, Lovere. in 1898. Tho typo

loeality is a woll ot furuouth; Dps Moines County, Iowe.
\

Distribution. Yarnouth deposits have beon recognized only in a
norrow bilt &lJl! Mississipi Rivoer in vastern Iowa and westera Illinois

wiera the Lobrol rion J..'LLM e drafvieveri= @ kooiaeisn Kensen-dritt,

D

A L1 . ; e
csori ,ulul. Tho farmouth interyel is modnly represeated by sunbo-
izod drift; thorc is sopo pond and louss has buan roported.
ary for thu Bt part knowm only-in avelidss W Tasy lie o

b sl cropdon. purt ace of tuu vaderlying drifd

Tho deposits
diffuront eleovotions so
has beon deducci.

Qr;anid The reesrdsd orgouic rwacing of wilo Yarnouth
includaed eoniforous trees, rabbits, o slkennkss Tho 806~

¢ founic 3w sitw but werv takon froi sho dobris fron
have boen oxanined by exports.
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Inverprototion. The Yaraouth deposits wore dincludud by HeGou witl.
his forved bed but wore ploecd in o youn o sicrieggu by Lovoretd. - His
roasons suva tu hiwe puun (a) el ewprlon ol Wi dloosibe ol 8 worliiohu
lovel of 6io hensen uplends to tiao wess, cnd (b) wosition of bho depusite
ot bho bordor of gliv losc ‘Srodel Labradorien drits whick lies upon Tho
Homern drilt of I o, Tt wos corclulied thot fhw Kansan drift ncd buwn
erodod inte broad siacllow velloy . before the c¢oming of tho castura ice.
The priaciycl evidence of long durztion of the Igrmoutin inturvel is ths
proseace of gwabotil to g thicknoess of seuweral foct. Thoe doeseriboed organ
roucing tell litele of the eliuctoe. I Bcs nover buon provod that tho
Aftonion doposits underlic tae Yornouth., Too mueh of tho publisaud dee
rosts on woll rusords, “Ythe erJthlJﬂS will bHo considircd undor tho

fead ,0f the Illingian drofo.

ROT crone oy

Koy, G. Fo, S0 ovidence rogardia; the duration of ino ¥armouth intor-
aloeick wpbehi - Bed ducu, yoly 43, Dy 398, 1916,
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Lavurctt, Fronk, Tho Illinois al lobe: U, 8. Guol. Survoy Mon.

B85 ppe 119-124, 1897

ILLINOLIAN STAGL OF GLACTIATION

atUQU. The torm Illinoisn (Illinois ot first) was first
orlin ia 1896 on the basis of work by Movorett.

Disvribubion: The exira moreinic tract of drifd - an Tlliuosis;
to- ubdvr chu ahhl;,r arofs in Inmdisne 2id ocastorn IFowai is classoud a8

Il1linodicn v oacosnalld Cores ia gsoutnorn Wiscomsia saoms o ihe of the
saic ofiurts Have booy made to-ddwntdly Hllinoian drist in coneril

Wisconrsin oul angtowa T 0ascta. Leverett hins suczested that the Iowan
S R e el el A S tiant va Who uiosibacl Kansan aros. of
nortawesvorn Iowan wre both of Illinoionm age.  So far thuse extensions
which do not actually touch tho originel aores haove not wmot with goneral
cecoptancos

BDoseri tion., Tie original Illinoian #Lliu llua in @ rogiva of
shales and gualui gindstones and is therforoe a reg? o of elay tiily
The surfoce 19 nainly o Tovel 3lain wnidiiaae, at . stage of youth in tao
orogion eyclos Thore are soie noraindie rilics, some of taon cuposad
of kamcs but thero is 1ittle ovidunco of & narg Lﬂul aors dng, OXCeUE in
part of souticrn Wisconsin whore the drift J i $ncn farther
soutit. - Guaboetil is proegent ovor o considerablo portion of tho uplands,
&% -is soverel foot taick. Lonching werivs froa 6 %50 20 fs.t and 5xido~

iH

Adre 8hs

must bo. gecoptad "with rosorvetioa."  HMost of the oridngl Tllinoion -is

covered by 1oess which 1ise both 'on ‘uplands end on erosicn slojes,

Taroughout m 1 of tho arca there is somo evidwace of ‘a still older drift
(=]

beneath tha 1llinoies Soparebod by 8 soil and scothered zoud.

fion-in, fow ploces uAudl.b to logs then 20 feot from thy eurface; foue
claim averagos of 7 and 15 foob respectiviy but such genoralizetions
)

Intororete The drift of both ths 7ri'ir:l I11linoien ares and
the ou 088G 111 s uf norstirern Wsconsin and sesiteri Minnssobta cainc
from the Labradorian engtor. It is difficult to ses why the maxiaum
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oxtonsion of tawt cunser siculd hove taken place in a diffurent glieidl
stage thea dil the eximuwn of the Keowutin cuphor wiwn the Kanson drift
wos deposited It seul8 aatural Lo suppose thar the fwo egonturs would
havo cssuaticlly tic scac developmont at tas saac tine for not only wap
this the caso wuring the Wisconsia stupc bue thce Lobradorian contoer is
much Bilv nuarer to o supuly of moeisturc.  Leverett pliced fthe Tllinoion
in & difioront stoge thoa the Ke .son because of (o) the strikingly greut.
pnwount of orosion of the latter, (b) tho pros.ucu of Well-serked moraines
konies; tnd cskors in tho Tllinoden Jrift, and (c) tao preswnce of thc
Yormoutli zoac of woaghisring bedwouen the costora and tho westora drifts.
Whilc thors is no doubt that thoe Tllinoicn is vory wuci loss advancud

in orosion thon the Konsan, oven owa tho bonks of the ilississippi, still
the followin: questions uvey bo roised as to the velidity of tho eomnwnly
aecopbad corrulationt (&) tiore dia nb provud Koeuwotin eorrdlobive of $ac
Illinoien or Lebrodoricn cguivelcent of thu Konsan, (b) tho supposcd
cquivalencs of tho Towen and Illinoiesn has little or no support as suown
in considoring thiv Towan stagy, {c) the supposod Illinoien of northwoestoul
Towa has ngithor o wappeble border nor a vertieal line of division fron
an older drift bonoath, (d) the difforenco in disscction of thu two drii.
is not su zreat but thet it night be expleincd by one or moro of tho 1o
lowing factors (1} the provailingly highor olovation of southorn Iowa an
northorn Lissouri sbove local basslovol, (?) possible difiercnces in
climato ond vegetotion in past Iinus, and (3) erosion of the wustoera
area while the ice still covercd Illinois, (o) thoro is no certainty th.d
tho Tornouth guabotil and wosthorod zonc is not tho Aftonian, for the twu
horizons have nover buen found in the saue scction, (f) the known organic
raeins of tho farmouth do not prove on inburglacicl climatu, (g) tho
knowm oxtont ¢f the Yermoutn zono is too slipght to deuonstraty a major
ico rocussion,; (h) tho differences in wopbaoring between the two drifts
arc not vory striking, (i) both drifts have guabotil on the; (j) both
drifts wero covoersd by the nein body of the locss aftor oxtunsive orosion
end oxidotion, and (k) the greasur irregularity of tic topegraphy of tho
IITinoics 38 coochble o oxplanation by a grodtoer amount of stonce than

in the wory cloyoy Kansan drift. It is possible that nono of these objuc-
tions urc weli. w. tiws iz Labredorien Kanson is nainly coneoelod by
younsor orifts os is glso Hiiv Nedwatin' Tllinoion but 2% would seun thob
tho uatter will bunr furthor invostigation, 4&n evidenco thot nay favor
a nuch gruater cpo of the Kansan is tho oroscice of. the vld red 10088

on that drift aac not, so far as known, on the Illinoian. The supposed
Illinoien of north controd Wisconsin apuoars to lie in the class of orrors
due to tue diseriminction of kaue gravels as youngusr than the gssociatud

& ©
till; no glacior over doposited gravel alonc but *ac diffcronces in weath-
aring and eresion ars capable of egsy explanation dn the ground of bhe
difforoncd belvwoon sravele gnd $illg
Lake the Tho nane Lako

Calvin has 5
tha Towa -and Codor Rivers in easturn Towa. is basin shows (a) g1lie
and laminatod clays in sloiing, 1ittle-oradud terraces, (b) rouniod bluff
linos, (e) opossible ice~rafted bowldors, (1) an inlot and an outlot thriu:.
gbondonod velleys which join tiio Mississip l norti and south of tho arez
of Labrodoric drifi dn Iowa. These valloys have vottous high above tho
prosont lovlejof tho lississipod ond have becn daserproted as dilo ﬁumpogr;
courso of that river during the Illinoian invasion. They coatala no

gond ond crevel doposite, but £ bowlder Lod o onu poiat indicatos g foru:
streoia beds This dnterprototion may be ehalluised sn e follewing groun
(a) tht scdinents arce those of slack-water streoms and not 2f a leka,
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as nedo ovident by ene slope; (b) the deposits vee.c ot so low a luvel
thob &k raguirss the SsBunition of atell Uore wrieiin Dokore the Tl lineic.
then ablhoriisy saong ruwuaJuUld’ (e) thu vailoys 11 whieh the Joposits
$10 Wby erodua olitor tad foraebion ofttio punuati s v the T1idnoiail,
slthouzu 4% Hes Doon sus ustod-tult +tho loke lastod long ohough $0 puradt
of the foruction of the pwibotil upen its baaks, a thoury out of hariony
with the fronsitory ehoreebor of akosi Ibids lopitiiinte 0 -Suziust Lhot
the phonouena swan tit there ie no ossonticl Giffdrongs in oge of tilc
Keastn tna the Tllinoian drifts ond kot thoe so—collcd leke wes iloruly
thie ponding of G rivers wy outwash doposition In thc llissigsippi; posu-
ibly in the carlior irt of thowWiscunsin stogos  4dn oubwesh torrace va tl
basin would thon be aseribed to thoe tinc of toerraciag of thu Wiscunsia
owbwash tridus cud not to tho Iowans Joth pivers darried Llscoasin Groin
It may alsa be sugcesteld thet tho oxtroae youthfulauss of tho tupo reophy
of thu Illinoicn along tho Hdssissippi bluifs is in part duc Bo Bho widua-
ing end dospening of thoe valloy by the wabors fron tho advancing Wisconsl

icos It socus that Loke Calvin would bear recxaiinations
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SAl0e N INILhaVAlL
Nowvicliaburc., Thoe nwio Songwaon was applivae by Luverott in 1898

45 gertaan orzouic rovcing ond Lo tho inturval outwoun the Illinoian
drift and tie locss. Tie type locniity is Songmaon County, Illimais.

Distribution. Bvadones of tho Sengemon intorval is found throughout
the aroa of Illinoicn drift but orgonic doposits are leoss couion outside
of tho original loeclity in central Illinoeis.

Description. In nost plucus tiu Sangaion intoervel is shown by tho
prosonce of gunbotil, loaching, ond oxidation. Thorc is sono peat, sand,

and silt, thoe lost probably in part looss.

Orpanic remains: Tho Sangaion doposits contein roucins of northorn
uosses, coniforous treus, bovtles, and apyarently souc vortcbrates like
the mastodony The only thorough study scuus to heve boun that of Wickhau
on tho boutles; theso werse found to indicatc a cool clinate.

Interprotation. As thorc is no known contact butwoun the Illinvian
and the Jowan drifts Lboverctt chose thu sangenon doposits to mmrk tho
intervel assuaing that the loess that ovorlioes thum was of Iowan agey
Now that it is known that loess is not a glacio-fluvicl doposii, that
thoro is morc thon one age of looss, and thot loess is for the uost part
of intorglecial age tho furecc of this assumtion has boon losts Thors is
certainly no evidoncu in tho Sangmmon deposits that c:n duisonsirate on
intorglacial elincte. It ‘seans possible thot they roproscat tho early
part of &« long inturglociel intoeryvel in which incruasing aridity causcd
the buricl of both swmip deposits ond weatheored drift by tuc cncroachiang
dust frow the dosorts to tho wosts Tho turu Son eoion is uscful in rufur—
ing t0 a cceriain horizon of tho Ploistogenc of Illinois but should be
discarded as ucaning a distinet intorglacicl stuge.
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IOWAN STAGE OF GLACIATION

Nomignclaturc. The nesc Bast Towan was applied by Cagiiborlin in
1894 t."MeGou-8 "Upror Till" which was thcn supgosel to % $he surfaco
drift of southern Iowa south of the turinel nmorcine, In the following
yoar tho profix was dropped ond in 1896 the "Uppor Till"™ was divided
into Iowan cni Kansan, This confinod the Iowan drift to northoastorn
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Towa. In 1°0S or attonpt was nzio by Lovorutt to cither abolish the
Iowan stagze or o eorrelate it with the Illinoians In 1917 alden and
Loichton rep.rtod in favor of tho rotoention of tho tor Iowon s a stage
dosiznation.

Distributi 1, The recognized Iowan drift area lies wholly in north-
eastern lowa east of the Des Moines lobe of Wisconsin drift. Attempts
nave been made to identify Towan drift (a) west of that lobe, (b) north
and northeastward into Wisconsin, and (¢) in northern Illinois,

Description. The surface till of the ori_inal Iowan area is yellow
in contrast with the reddish-brown of the oxidized Kansan farther south.
At depth the till is blue gray. Leachin; extends to depths of from one
to 8 feet; some claim that leaching averases 3 fest and oxidation 8 fest.
The till is relath}y stony with many large bowlders of coarse gray granitc.
Loess is very thin or absent; over much of the area it is so hi hly chargud
with organic matter that its origin is obscurcd. Thurc is a distinct
pebble linc botween the loess soil and the till. Wherc the logss is
thick onough for tnc lower part to be unloachud it rosts upon unluacihud
till. In somc places, ospoccially along streams, louss covers sand dunes
so that the topogrcphy rosembles that of a terminal morcine. There are
some kamas and many of the streams have gravel torraces. Formerly thuse
strotificd doposits worc called Buchanan gravels.

Toposraghy. The Iowan drift arca has a distinctive type of topog-
rephy, a smooth, ﬁuntlg,almost flat in many ptaces, erosional type, with
broad, branching, inldistinct valloys. Tho slopes ond uplands which morj;o |
improcoptibly into the valley sides, arce all bowlder-strown wherc undis-
turbod by man. This typc of country closoly resembles somc of northwos-
torn Iowa. A striking foature is tae irrcegular boundary of the smooth
topography which runs out in long fingers pointing svutuocast, Jor the
most part on divides but some scom to jump across tho strcams in a curious
mannor. #&n instance of this is tho Narth Libourty pleoin ncar Jowa @ity.

In tho smooth arcas arc some "islands. of rough, looss-covered drift

ond low, locgss—-covorcd drumlins, the ‘pana”of MeGoe who supposcd taem o

be wholly loess. Thoere arc also some outlicrs of smooth topography which
oro ontirely surroundud by rough erosion forms. W®omc arcas of kamos

have rolatiéiy stuep slopos t.at have been intorprotoed by somc as construc-—
tional topography.

Intorprotation. The Iowa drift area offors more puzzling phounomena
than almost any other rugion in North America.- ucGesw originally divided
tho drift into two tills divided by the forest bod. He thought that tho
looss was a glacio~fluvial depogit which was accumulated whilc the icc
still occupied parts of tho region. This theory was worked out in a very
ingenious monncr but foll to thoe ground whon tho truo naturc of louss wos
discovered., Howevuer, coven at tho present it is hold by many goologists
that the looss was cxcludod from the Iowan drift aroa by je. occupancy
at tho timo of its formation. ®alvin thon split up McGoe s “Uppor till™
into Kanson and Jowan, the lotter @ thin vencer of loom, yollow till, and
gronice bowlders.  Tho mapping in northeastern Towa apyarontly gscd the
following critoria: (a) abscnce of looss, (b) prosonco of lar:e granite
bowlders, cnd (c¢) smooth topogrophy. The Iowan till was rugafd d a8 a
distinet litholozic unit separated from the underlying Kansen by (a) &
zonc of woathbrlnu, and (b) the Buchonon gravels. The difficulty of the
poculinr bordors of the Iowan was explai..cd by tho thcory that tho ico
was very thin ond wes floated by the wators that depositoed tho loess.
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Tho paha znd arcas of rough, logss-coverud drift worc rogardod as nun-
a_taks which rosc ®hrougn the ico. In roeont yoors an offord h.s boun
mado to abandon che Lloag prongs and "islends" and to smooth the margin
t0 onc¢ coasistant with the knowm charcecteristics of glaciuvrs. It has
buon found that the typu loc.lity of the Buechtanan grovoels has no till
ab.ve tho sodimonts; the samoe is truc of many othor arvas of these dop-
0sits. Tho Buchonan gravels arc now interprotced as (2) Iowan kamos, (b)
Konsan kames, (c¢) Iowo outwash, (d) Konsan outwash, and () Wisconsin
outwash. The oxistenco of valloy trains from the Wisconsein drift to tho
woat was isnorod by the ecarlicr gouologistss

vinced him thaié thers wers but four glocial stages,  In order to harmon-
izo their results with tho phonomona in this country Loverott eliminated
tho Barly Wisconsin as a distinct stoge and suggosted thet the Iowan
drift oeitiacr be climinated or corrolated with the Illinoisn. Thuso op-
inions met with stronuous opposition from Celvin and after the death of
the lottor Aldun and Loipghton wore assignod to roianvestigate thoe quostion.

Tho casy for tho Towan. Aldon and Loighton reporitod that although
no single linc of ovidoncs definitly proved the existence of the Towan
stago of glacimtiun o number of scparate kinds of cviduncu sugjusted that
such was tho casc and thet the combinud pull of these in the same dirce-
tion convincud thum that Calvin had boon corruet in principle although
not in dotail. Tho points are as follows: (a) the Iowan arca is much
loss wonthorod thon the adjacent Kansan, (b) althougn the locss was doubt-
luss in part excludcd from the Iowan area by its smooth topography it
was thoug t that radiating winds from the ice may have been the cause,

(¢) where louss is prosent it rests on frosh drift without ovideace of the
Sangamon interval, (d) bowlders are no moro numerous in velleys than on
uplands sug, usting that their presence is not duc to orosion of the finor
matorial, (o) torraces of comparatiﬁly frosh gravols, the valley phase

of Calvin's Buchcnan grovels, arc present only in valleys that draincd

the Iowen aroz, (f) tho peculiar Towan topogrophy can be explained by
gloeiotion of an orodod drift, (g) locally tho till lies upon and contains
masses of gravels (Buchonan) which have been intorproted as having been
weathered provious to tho last ice advanco of that region, (h) several
oxpogurcs have beon found wheroe tho surface, rolati%}y frosh drift lios
upon gumbotil and woeathored drift which has boon correlated mainly on

the basis of clovotion with the Kansan gumbotil plain $0 the south, and
(i) the forost bad of McGoo lius at lowor levols then do thoso gumbotil
romnonts. .

The casc opainst the Towen. On tho othor hand, a formidable arrey
of ovidonco may be arrayed against tho oxistence of the Towan: (a) tho
mapped borders of the Iowan are fontasticolly impossiblo and are prime
facic ovidonce that somcthing is wrong in intoerpretations that lead 1o
such absurditios, (b) larse granito bowldors are not confined to the
TIowan area but show thero becausc of the thin logss, (c¢) tho Iowan ice
could not hoveo had o ssloctivo action ond doposited only o cortain typo
of bowlders, (d) the bowlders ore fresh simply becauso of a difforont
varicty of pPanite than ore tho weathered granites, (o) there could not
have beon any such thing as a "typicel Iowan till", (f) much of tho surface
moteorial formerly called Towan ©ill is not till but is slope-wash, locss,
and weatherod grovels with some bowldors, ?g) tho slight depth of oxidation
and of loaching is assoeiated with a high Wwator toblo ond much .f the
aroc. was marshy before tho oxtonsive tile dreinage, (h) the Iowan drif+
rro0 is gssontially the outerop of tho Deovonian and Silurian limestonoes
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and therwfore thu driis is mor. stony cnd ealeareous than tie rocojnizod
Kansan drift, (i) tho hizh wator tablo, tic cbsonce of louss, and tho
prosonco in tuc stroom valloys of ludpos of rosistant limestono couplud
with tho smooth charactur of the progleeicl surface aro zdequate and
plausible factors in producing the prosunt surface contour, (j) tho surfaec
is not a frush glocinl topo_raphy but an erosiopal form, for it lacks
blockod valleys, sags, and truc construction 1l knolls, (k) the supposud
construetional forms aru, barring tho drumline, oithor scnd dunes or
oroded gravels, (1) the gumbotil romnonts have beun cut by tho erosion
surfaco of tho prosunt topography showing doup orosion siace their burial,
(m) tho frushnuss of tuc drift and its rolation to the loess are both
oxplicable on the ground of moru verosion rothur then of loss altoration,
(n) The rock barriers in the sti-eams have forumed local baselevels which
affected the type of erosion, (o) the correlation of t.ie buried gumbotil
as super-Kansan rather than Aftonian rests upon a rather uncertain basis,
long~distance comparisons of elevation, especially in view of the paucity
of exposures and the slight vertical distance between the two gumbotils
in southern Iowa, (p) that some of McGee's forest bed lies lower than

the gumbotil exposures is not decisive since they may have been formeod

in valleys erodod in the gumbotil plain and the two zones of weathering
are nowherc known in the same section, (q) the paucity of loess is readilly
axplained by the levelnuss of the land, ?r) the fossils in tho louss do
not indicate thet icu was presunt nocarby at the time of its doposition,
(8) the louss-covercd paha and other clovations are too low for nunataks
and must have caught their louss cover by reason of their rough topog-
raphy and covur of vogotation, (t) the c¢rosion form of tho Iowan arca may
have buen affccied by thoe cover of prairie grass which dificrud frowm the
ligat grass and trces of tho rogion to the south, (u) it has boun sug;ested
that the valloys worc blocked by tho invasion of their lower parts by the
Illinoian icc, (v) thorc is no topographic rcuson for tho lobe of Iowan
drift whorc it is and an ico shout powerful enough to support so far-flung
an oxtonsion would surcly have extondod beyond the border of the young
drift at other points, (w) the topography and relations of drift to looss
in the Towa arca aro nlmost porfectly matchod in northwosturn Iowa wherc
the drift is now bolioved to bo of Kansan age, (x) the unmappable border
of tho Iowen orea ccnnot be explainoed away by either assumption of thin
drift nor by arbitrory smooishing, (r) the supposcd Iowan outwash may

be meinly of Wisconsin agoy (7) no Iowan till has ever beon. found boncath
tho Wisconsin drift to the west, and @) it is admitted that no single
kind of phunomena prov¢ tiae oxispance of tho Iowan stage of ‘glaciation.
Tho foregoing points prove that \a) the looss is not synomgmous with
Iovvan in point of age, and (b) that the Iowan quostion is not yet solved.

upposcd cxtunsions of tho Iowon area, Tho Jowan drift mapped in
nortiorn Illinois was takon to bo the Labradorian oquivelont of the origingl
Jowen. Lator Alden showed that no account hid boon tckon of topographic
control of dopth of woathored material, at loast in tao northoern part of
tho district so that tho drift was shown to be Illinoian eloar to the
gloeial boundcrys Bvon tho littlo-oerodud drumlin bolt of ocastorn Rock
County, Wisconsin, w:s includoed in this stago os the difforence in topog-
raphy was found to bo expliceble by diffcronces in relicf and in proglacial
topography. Recontly ﬁcidhton has sug;ested thet a portion of tho extra-
morainic drift in Rock Rivor Valley, Illinois, shows deup cuough weoathering
to be possibly of Iowen rathor than of Wisconsin age,  Tho conclusions
are admittoedly uncortzin and are confused by diffcronces in drift charactor
and other factors which affcet weathoring, Woidmon sought to distinguish
Iowon drift in north-cuntrel Wisconsin but the deposits appear to be
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vholly stratificd mptorials. hLevurett has ur;ud thut thoe drift of part

of northwestorn Iowa is of the sauu oge as th“u of northoastorn Iowo and
has suggested th .t both arocas are of Illlﬂﬂlﬁn azo. Cormen found no
mappoble border either horigontal or vorticcl. Tho exacet cousu for tho
difforunces in topogrophy has not as yot buun worked out but it is gpparcnt
thot thore arsc no definite comstructional fontures associcted with the
smooth drift trsous of northwestorn Iowa, Roecuntly Alden has sug ustod
thet the extra-morainic drift of tho Dokotas may be of Iowon agu since

it is not much weathorod cnd lies in tho bottoms of walluys which appear
to be younger thoan the first glaciation which diverted the stroams to

the Mississippi instcad of thoir farmer coursc to Hudson Bay. Nonc of tlc
proposad extonsione of tho Iewa oppear to have any definito proof of

thoir existence.
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PEORIAN INTERVAL
Nomonclature. The name Poroian was applicd by Loverctt in 1898

to tho intervel botween tho Iowan end Wisconsin drifits, The typoe locality
is savon miles east of Pooria, Illinois, :

Distribution. Evidonce of the Poorian intorvel has nover been
discovorcd betwoun the Iowan and Wisconsin drifts in Iowa, The original
definition was base¢d on the conclusion that thc louvss was contomporancous
with the Jowan drft. Examples of locss buriced by Wisconsin drift are
comaon elong tho border of the young drift througheut Iowa and Illinois.

Doscription. The Puorian is not marked by oxtonsive deposits bui
only by weathering unless the locss bo rogarded as of Poorian age as it
is now coming to be., The younger looss of Illinois znd Iowa is for the
most part docidedly youngoer than the Illinoian and Konsan drifis, and
oldor than the earlios} Wisconsin drift. In many places, howuver, thero
is loe¢ss on tho margin of the Wisconsin drift, Thoroe seoms to be ao
knovm line of domerkation in loess soctions on the old drift thnoubh
the doposits must be of more than one poriod of formation, The relations
of tho lougs to thu equivocal Iowon drift havoe been noted with the con-
clusion thaif although tho bulk of the louss was dcposited during the
time during which tho Towan drift was supposced to have boun deposited,
thoro is littlce dcefinite cvidenco to fix its age in rofurence to that of
the drifte If thorc is an Iowan stage of glaciation the main portion
of the young locss is youagorse The looss was wuathored before the coming
of tho Wisconsin drift., Somec peat beds found in wells in northern Ill-
inois werc onco corrclatdd as Peorinn.

Interprototion. The Peorian was naacd whon tho loess was coasidered
as a glaeio-fluvicl doposit of Towan age. At the typo locality the Sangome.
gumbotil and poat-are prosent bolow the locss aond there is little rcason
to divide. the deposits into two ages, separated by a stagoe of glaciation.
Nothing is knovn of {the vegetation or animal life of the Poorlan but if
the loess is rogarded ws belonging to that intorval tho elim te was like
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that ot proscnt, The namo Pedritst ie inappropri.tce alchough usoful in
rafoﬂing to o dufinito horizon in the drift of Illinois. Thore is no
sharp liuu botweun Pooricn ond Sangamon deposits in Illinois; they moy
both belung to the swmme inturglacial intervel, tho loess having boun
causced by a periold of aridity. In Iowa tao proescence of the two locss
doposits scparcied by o long inturval of time sug,usts eithor (a) that
ono is Sangemon ond the other Peorian, or (b) that onc is Yormoutin, and
tho othwur vither Sanzamon or Peorian. Tho scparation “of tho Poorien and
Songamon is bound up with tho quoetion of the Iowan drift and ¢onnot be
sottlod until that is.
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WISCONBIN STAGE OF GLACIATION

Nomeaclaturc, The striking differcncc between the drift iaside
tho turminal morainc and thet outside atiractced tho attention of Cham-
berlin in the ocarly 70's and in 1878 hu ur;ed thot the moraine merked
o major linc of division in tho history of glociation. The torm Zast
Wisconsin was appliod by him in 1894 and tho prefix dropped in tho follow-
ing yoar. In 1897 Loverott announced -a subdivision of tho Wisconsin
into two distinct stegos, Barly Wisconsin ond Late Wisconsin but in 1909
ho minimizod this conclusion and in 1915 ropudiated it ontirely. A tri-
partate division ssoms to have beun considoercd at onc time.

Digtribution. Drift of Wisconsin ago occupics a larger arca than
that of all tho pru-Wisconsin stages put togothor; it extonds from tho
Pacific to tho Atlantic and came from @11 thc contors at ossentially
tho same tinme, ; v

Doscription. Drift of Wisconsin agu includes all varigties of
till and of glaciyr~fluvial doposits. In such a variuty of deposits and
of climntos woathoring conditions havc noturally beon varicds On the
wholao wonthé&ng is vory slight and in tho climatc of Wisconsin leaching
varivs from nothing in donge clay till to scveral fuot in loose sandy
deposits likc sandy tills or outwash. In Iowa somc have put leaching
et nothing and oxidation at one and a half fout. In nortiavrn and north-
castorn Wisconsin thorce is a bright rcd till, cvidontly the product of
icc passing over lake clays; this till is undprlain by a forest bed.

Topopraphy. As a wholc, tho Wisconsin drift is charactorized by
(a) such stratificd drift, (b) pronounced moraincs, end (c¢) littlo orosion.
Tho topography is rolatoed o tho charactoer of tho drift in differont
districts. The Wisconsin tills avurage o groeotor amount of sconc than
do the pro-Wisconsin tills; honce the difforonce in original forms.
Erosion is slight save whore conditions wore vory favorable as in sono
of the elay tills with = relatiﬁ}y stoep slope. Most of the border of
the Wisconsin drift is markoed by a large terninal morainc but in some



districts thoro is no maraino and the border of ?hg young drift nmust bo
discriminated by (2) constmectional supography, (b) little woathoring,
ond (c¢) the thinncss or nbsence of louss. :

Inicrpretation. ¥t is obvious that tho Wisconsin drift is much
younzor thon ony of the pre-uwisconsin drifts with the possiblo oXcuptivn
of tho Iowan. Its diffcrcence in topography is moinly uxplicable on this
ground, Thorv is no ruason to suppos¢ that tho luss extonsive wiscunsin
ico shoot had mory vigor, was thicker, uoved faster, or carried a greater
loed than its predcccssors; nor was it tho only ice shout to form strat-
ificd drift. Much of tho supposcd difforonce in phonoiacna of the old and
nuw drift was the rosult of comparing tho stony drift of Wisconsin ond
northorn winncsota with the elay drift of Illinois and Iowe; whorce rogions
of the same nind of drift are comparod tho differcncus are loss striking.
The strongly aeccoentuetod torminal moraines of the Jisconsin drift arc
all very gravelly and stony. Tho relatitly large smount of gravol in
and ossociatod with tho Wisconsin drift s oxplicable by (a) youth of
the doposits which have not yot boon rumoved gven clong largce stroams,

(b) great amount of stono in tho till, Thero is no rcason to nssunc
either moroe vigorous drainoge or differont oluvation of the land, The
stony ana ~aundy choracter of the Wisconsin t$ills is accounted for by
(n)deosition of nuch of the Wisconsin drift in rogions of lincstone,
sandstonc, and crystallinc rocks, (b) ovorridiang of older outwmsh dcposits,
(¢) picking up of rousidual gravols and bowlders from the croded surfaco

of tho old drift, and (d) derivation of some of the driit from the north-
ern rogions that had boen strippod of their preglacial soil by eerlier

ico action. That the Wisconsin drift shows nmorc markoed lobation than

did the carlior glociors is cxplained by (e) rolative thinnuss of the

ico, and (b) luss oxtunt of tho leater ice so that it was more nearly
confined to the Groat Lcke besins that alonc could form large lobes,

The avoidance of tho Miswuissippi ¥.Egoyby the Wisconsin ice is in large
part cexplcinable by pressurc of the Labradoriaon or Petrician Lake Suporior
lobv against the Kcewatin icc. R S st

Possible subdivision. Loveorett at ono time divided tho Wisconsin
into two stages with the intoervel not indicatcd by cither differontial
woathoring and crosion or tho presence of intorglacicl doposits but by
shifting of tho Bric ocad Illinois lobes. - This viow involvoed sovoral
objoctions: (a) the moriine corrclative with the maximun extent of tho
Groun Bay lobe of Wisconsin would have indicatcd an unrcasonably suall
oxtent of the Illinois or Lako Michigan lobe, (b) the relations of the
moraines noar the Illinois-wisconsin boundary, whore stony and clay tills
moet, would be poculiar ond unroasonable, and (c) the phenomena of tho
Eric and Illinois lobos arc explicable on the basis that thic shifts took
only a short longth of timo ond that what orosion is presont is the work
of glacial wators alone. Leverett has now concludud that the data on which
ho mado the discriminction of two stagos in tho Wisconsin wore misintor-
proted and has urged tho cbandonment of the torm Barly Wisconsin. 8ince
thon Loighton has shown thot woeathoring sccoms to indicate that parts of
the marginel Wisconsin drift is considorably older than the drift farther
north but aepparently did not use the torn Barly Wisconsin as meaning
a scparcto stoge. What socms to possibly be a botter basis for a division
of the Wisconsin into two sub-stages is the roadvance of thoe ico that
formed the drift abovo the forest bod of northcastorn Wisconsin., This
roadvance hos been traccd from the Port Huron moroine in Michigan west
into theo Lake Superior basin. It followed upon an intorval thet was long
enough to (a) pormit of rotroat of thc ice at loast as far north as tho
Straits of “ackinec, (b) permit the growth of spruce troes over 18 inchos
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in diaaptor, and ‘c¢) not long onough for logpkin; af the suobsuil.

The red color of nmuch of the $ill agbove thu forust bud is confinud to

tho regions noar to the iron ore and other red buds of the Laku Superior
rogion; it is origincl and not due to weathering for it is (a) indupondcnt
of loaching, (b) oxtonds -to greoat dopths bonoatn the wator tablu, and

(8} 1s explicible by tho conceuntreiian of the iron oxide in thu lako
clays, This intervel is ovidontly not ceouporable in length to thosu
heratofore dlSucuthd
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TORONTO INTERGLACIAL DEPOSITS

Nouonclature., The nauc Toronto was first usod by Chamborlin in
1894, Tho subdivisions, Scarboro and Don, Werc first named by @dlonan
in 1901.
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 Distrihufioa. The type lagalidy of. thw Torento doposits is noar
the eity of that naac in Onlgrio, Coneds. Buds correlatud with nore
.or 1uss curceinty huve buun found noar Lake Cgyuge in wostern How York
and ncar Jdows Bay in northwestorn Ontario. Tho co-callod Saugcun and
Erio clays of Ontario have beun correlated by soio with the Toronto
interglacial foruation.

Duseription. Tau oripinel Toronto formation is o delta doposit

of sand cad lordnatod, aon-calcarcous clay. ¥t lies upon a thin discon-
tinyous till of nortlcastern origin. Tho rock surface bolow this till
is not straitod but glecial stonos in tho till luuvo no doubt of glaeic-~
tion. . Tho verves in “tlio cleys total several thousand. Therc arc no
ice-raftod stonvs. ¥Fho totel thickness of the ! oronto is closg to 200
fout. Thoc top is irrusular and in onc placu shows o deup @l broad valley
whieh is £illud with tic couplex of $ills and gravels that overlie thoe
intoerglacicl buds. Tho James Bay lignites m1ch 0.880Cinted scnds and

lays lic butwoen two $ills ond woro greatly disturbed by tuc second ico
invasion,

Organic remains. The lower part of the Toronto formation is dus-
iznated as tho Don buds; this member eontains troos up to 18 inchos in
dianctor and lcaves of basswosd, mapls, ash, hickory, osage-orange, red
cedar, aln, vak, and pawpaw, 35 specics in all. ¥he malluscen shulls
incluuo Unins like thoso of the Mississippi rogion and the mamaals includc
tho dour, bison, elophunt, vic,  This founa and florz definitly indicatc
a clinato narkedly warncer than that of Toronto at the prusent tiuwe, a
climate liko that of southern Pennsylvania. The uppor acibor of the
foruation, howover, whicih is called tiue Scarboro beds, contains boetle
and vogetel roncinag that clearly show a cool climate 11“0 the proesent
clinato of hobrador, Thu Jouos Bay lignitos have not bu,curofully studied
but have yiclded balsma, codar, and poplar trees up to 17 inchos in diancter
Fossils likc those of tic Don bods have beun found in westorn sow York.

.

Interprotation., Tho history of thoe 1oronta deposits was as fullu“s.

(2) Labroadorian glaciation, (b) erosion of drift, (c¢) formation of a

loko from unknown causes but apparcnily not blocking of drainzge by =
clacier, (c) formation of the warn-clinato Don bods, (o) conforuable
deposition of tac Scarburo covl-climate beds, (f) lowering of lake lovlo,

g orosion of broad valloys, and (h) Labradorion glaciation with possible
or051on of tho intergloacial deposits by ice and several oscillations of
the dicc mergin. The ico must have eantirely disappoarcd frou Ecbrador
during tihe fornation of tho Don bods, a conclusion very nmuch strongthonoed
if the Jaaes Boy prove to be thosame age as the Toronto forucntion,for the
forunor are only 300 milus from tho Ll¢01ul cuntor. The Toronto uopos;ts
are unique waong American Pluistoceno doposits in proving o real intor-
glecial intorval by their nearness to tiic center of accunulation of ico.

by :
Corrolation. The correlation of the Toronto deposits with tho
Mississippi Valloy succoession is still an opon quostion; thoy have at
differunt tincs beun assigned to tho Peorian, Sangomon, and Aftonian.
In rocentv ycars Coluaon has urged corrvlation with tho last, apparontly
basing his conclusion upoa (a) the position of the deposits with oaly
ono till beneath, and (b) the charcetor of somo of tho fossils., An offort
was then nade to subdivide the tills aad gravoels above the Toronto into
soveral glacial and interglacial stcges buv therc sceas to bo littlo if
any eovidoico in favor of such a viow for thoere is no publishcd inform=
ation thot would lend onc to conclude that therc was any groat laopse of
tine between sucussive doposits. According to the sane author the Toronto
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narks an interval tvo or thrce tiuwg g8 loug as gld pasbplecicl tido,

a large portion of whigh is zecoumntud for by the sccond orosion interval.
This conclusion appeorsg to fgil to tzko sccount of the possibledbriadin-
ing of tne buriud valleys by glacial erosion. In any case the Toronto
doposits represunt o vory loag lopse of intorglaocial timo although the
upper pert nisht hnve boun fgrnod while the ice was advancing for tho
socond tiic.
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PLGISTOCL W SUCCHSSION IN RASTERN IMITLD STATLS

Gonoral. Tho oxtra-morainie drift of thu castorn staites was treatud
above; soue geologists have sought to find in tho oast the saue drift
sucossion that has boon worked out in tine Mississippi Valluy. In 1886
Morrill first sugg;ested nore than onu age of drift on long Island on
account of thc disturbed condition of the lower doposits. In 1889 $halor
discrinvinated intorglacicl fossils on Nantucket, althougn in fhc previous
yoar hu had correluted the folded buds of ilarthas Vinoyard as Tertiary.

In 1890 ho discussod the possible glacial origin of souu of these dis-
turbod buds and in 1894 ascribed the folding to carth woveacats. In 1896
Shaler and woouiworth first dufiniﬁ?y oxpressed the iden of couwplexity

of the glacial drift and announced the succossion: (a) Hontucket bowldoer
bed, (b) Scnkety iniergluacicl veds, folded, (c¢) Tisbury bods, glacicl,
horizontal, (&) Vinoyard crosion intorval, snd (¢/ last ice invasion
glacial Joposits. A very long intorval was deduced betwoen the first

two icc advances. In 14897 lioodworth concluded that the basv of the Pleis-
tocene was uarked by the carlicst appearance of undecowposed feldspar

in the seads. In 1901 the sone author gave the succassion on Long fsland
est (a) old Pluistocone sands end gravols with evilence of floating

icu, 'b) urosion of valleys, and (c§ Wisconsin glociation. Veateh, in
1903, "went wuch farther and discrininatoed (o) Pensauken outweash gravels,
(b) Jancco gravels, (c) Sankaty cool-clinmate beds, (1) ilanhassot or Tis-
bury bods; glacial outwash, and (o) Wisconsin drift.. Of thouse tho ilan-
hosset was duseriboed as unconforasble over the older folded bods ond was
tontativiy corrclated with the Iowon; the Pensauken wes assignoed to tho
prG—Kanéhn and the Jmacco to the Kansan, This colwm wias further clabor-
ated by Fullor in 1905 to read: (a) Manctto weathercd outwash-Alburten,
(b) erosion iiturvel-aftonian, (c) Jauveo frush outwash-Kensan, (d) Jacob
sand and Garéiner claoy-Yarmouth, (e¢) iontauk drift and Horod gravel-Illin-
oian, (f) crosion intorvai-Sangamon, Iowan, and Peorian, {(g) Wisconsin
drift. 1In 1906 Veatch usud the sene column with slightly diffcrent awucs.
In 1906 Fuller cxioonded the succession to the mainland and soon after
Clapp enacovered to find ovidence of several glacial- stages in northoast-~
orn Now #nzland. Tho latter laid great stress on (a) $ills which appearsd
old, (b) relztions of moraincs to marinc clays, (¢) differences in woath-
oring and oxidation, (d) erosion unconformitics, and (¢) buriud soils.

He admittod that the evidence for couplexity of the Pleistocenc glaciation
was far fron conclusivo ond somo of tho conclusions tp.car to be opon to
doubt., For instance the assignaent of thce bulk of the drift including

tho Boston drdimlins to the Illinoian is hardly possible for drift as old
as that would cortoinly have lost all glacizl topography in the climate

of thet region. OSuch a ccrrolation reduced the Wisconsin drift to a mere
vencer which illustrations show to really be slopewash and weatherod drift.
In gonoral the ovidonco, ospecially in assuning tho absonco of glaeial
drift on top of somo of the cluys, is by no nivans convincing. In 1914
Fuller's final roport on long Island appoarcd but added little now.

The Illustrations sf the so~callod Montauk till of supposed Illinoian

age show dofiniily that it is not till but « boach doposit in which bowl-
ders were concentratod by wave work. The folding of the older bods was
ascrivbed to overriding by ice. !
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Conclusicn. Thoere is zood cvidencs that thne ice frunt oscillatoed
several iimes in tho oastorn stato but there is littlo tu prove wnich
of the ice retrouts wore nost uxtunsive or narked intor;lacigl iadervals,
lluch of tuo work on the Plblstoé%u of this rugion wes ano by students
of nmarinu strato vho attamptod 0 apply tho sauo moethods to glacial deposiv.
a8 thoy had usc. bofore., Their offorts to bridge the thousand-uilo gup
botwoon tnoc atlmntic scobonrd and tho lississippi Rimor involved uwethods
that would nuvor be accepted in the casv of narine sodiuoents. Only one
goeologist, Crosby, scuus to have protosted publicly but it appcars best
to accopt the conclusions as to interglacial stages and porticularly tho
correlations with the westorn scetion with raservations." It spans fair
to suggest that (&) tho folding of strota by glacial action Jdoes not
require overriding but is ioro licely duo to shove against pither an
orosion csenrpmeni or sraovels banked ageinst the front of tho ice, (b)
tho lapse of tinoe betwoen folded and overlying horizontal. buds oy not
noan o long period Ifo erosion far the truncetion of the folds uay have
boen accomplishoed by the sea, (e} aybaerinl erosion was very rapid on
account of the logse sondy moterial, ncarnvss to the sea, and the huaid
clinate, (d) to uiompt ot divide a complex of glecial outwash, beach, and
doup water sodinents into litholopgical units or to subdivide it on the
basis of the prescnce and cbscnce of folding is extromely haanduus.
(e) no mccount scoms to have bocn taken of Lround wator conditions in
considering weathering;, for instance the licnetto gravels are on hign hills
ond the Jacoso is wholuiy beneath the water table, (f) judging frou naps
the orosiur forms of parts of Long Island arc cortainly postglacial and it
is legitinots to sugpust that only post—humun crosion mcy have becvn called
pOSbngGlhl (g) the ottonyt to confine the Wisconsin drift to a vory
thin discontinious nentle soems improbable, (h) the fossils at Sankaty
Hoad do not have very gruat significance as showing true ingerglacial
Gonditions, =nd (i) the rogion would bear roexanination.
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FLACTAT G IN THu wuST.RN LIQUATAINS

Introduction. Tho wosturn nmountainous arca is here treated as in-
cluding both the fo *hi’l rerion adjecont to tho Great Plains and the -
lowland of tugoet ;)unl Tho study of glaneial goology is not well advancod
in nuch cof this tior But studivs wre mow in rogross by Alden which
Hay. clear: up 86710 srosont uncortainty. Thorce aro mony incidontal
rofgroncus t» o bredol geolory that have not boovn dneludud in the refoeroncas,

ticn, Svilonces of PlprE)qnu glaciction have been Iound
on macst uf hi-nst rmeepes fron arizona northward; local glaciors still
lingor on nway o the high wountoins, ucinly on thu aorthorn Rockics and
the high poegs of tho Cascoios. The phonoiicna arc thosc of mountain and
picdoont gloeciation, -uvjuets now truatud in dotail in this. outline.

aviduices o wore tiaan one placiativn. Tho glaeciel foctures aof: the
nouatains show vide veriation in dbofuu of gltorativa by weathering and
orosion; they vary from frosh ndrcinces abandoncd by the icc only a fow
yoars agc te leposits whiech are nearly indistinguisheble on cccount of
agoe ond might ocasily bo confusced with londslides. Division into difforont
ages cannot bu male by strotigrophic suporposition of doposits oxcept
in tho Puget Sour? rogion, Thore an old till, cclloed Aduirality, is
overleoin |

by glacial outwash calloed the Puyallup fornmation, which was
decply duat4¢r~ﬁ ond creded bofore tho loter Yeshon glaciation. These
nain fechbs pro well establishold but it-ap joars 1ugroablu that sone. of tho
dotaile aru, for instonce tho assignnent of cortain kanes to the Puyallup
and the confining of the later drift to o vencer of scattercd stones.

In the sauc rozion is found a very poculiar phonoionon, the occurpgnce of
snall gravel nounds on thoe outwash ploins whose origin is in large part
undoterminud. In the rogion of Glacier Nationaol Fhrk Xldon has found
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glacial drift on top 37 Jdivilus hundrods «f foot above the intorvening
velloys, 4lihoush it is iuposcible to dotornine to whoat oxtont this

drift cutorud ths valliecye and hias sincc buea ruioved this icoe advance’
must hovo boca dury ola, possibly os qu n. the Yobraskan glaciation.

Tho later or wiscgousin dealt lies only in thoe valloys,. and it is presumed
that a loag inteng 1acial iaterval occured bétween the two drifts.

Evidence of turee sta o cf glacial expansion separatsd by lonj intervals
of erosion haove besn found in Lhe mountains of Wyoming; and of southern
Coloradc. On the Cclumbia Plateau Bretz finds two ages of relatdvly
recent drif+ which have no loess cover; these are discrimineted by the
comparative amounts of i:lus in tne valleys eroded by their drainage.
There is also coue evidencs o en older, loess-covered drift. Indications
of iwe drifts are comaun 1o many ranges. In attemping to correlate these
phenomena will thv sv.ui3 of continental glaciation it is well to remember
that (a) it iz v.ry difficuli to tell if any particular valley or poriion
of = velley is "ao*er than drift on the divides for reasons explained above,
(b) the great dilferences iz material,. slopes, ~rlimate, eic., make com-
parisons of weebhering snd erosion virtually impossidle, (¢) glatietion

in the mouataine moy heva Seen affeched by uplift and the cutting off

of winds by uplifte clsevhere to such an cxtont as to mask the effucts

of elimctic cunongos, aona (4, erosion has removed much of the cvidence

of carly glociations if prosent. Alden distinguishos one period of uplift
just Gefore tho varlicst laciation znd another ot a later date in the
Pleistocune. Gorrclation with the sueussion is premature at prescat.

A numbor of »-»7* iste huve ot difforont fimcs confused non-glgeial and

[ = ;
glacicl depeei i.. bac mountaiv region; an instonce is Dawson 8 Albertan
drift wnich =

ts
now knotm to boe stroam grovels.
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SULLARY

Genoral., It has beon shown that whotovor. the shortcomings of some
of the critoeria the complexity of tho Ploistoceno is firmly esteblished.
The only questions loft are: (a) tho number of major rocossions of the
ice, (b) the oxtont of these groat rcecossions, (c) the climate during
onch, and (d) tho correlation of drifts dopositud during the several
stages.

Number of slacial ond interplocial stases. If we proceod outward
from any of the contors of continental glociztion we find (a) Wisconsin
drift, and then (b) pro-Wisconsin drift which conceals bencath it a still
older drift. This is true in Iowa, Illinois, and apparently on tho Atlan-
tic coast. These facts carly gave rise to a tripartate division of the
Pleistocenc, after it had becn cvidont for some time that a dual division
of tho surface drift was domonstrable. Save for the equivocal Iowan
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drift arez, no soctions ocutside thu Tisconsin terminal moraine have boun
definitly proven to show more than two Pro-wisconsin drifts at tho same
spot, If, however, wo travel anlong thu drift boundary or a lino parallol
to it thoe mottor is loss simple. In Now Bnglond the lest ico advanced
farther thin any provious stogu. From New Jersuy to wostern Pennsyl-
vania the drift burdor is old drift, "Jorseyan", which farthor west is
overlepsed by the youns; drift. Owing to difforences in climate, nmoterial,
and rock topo;rapay corrulation with tie drift farther west souus impossibl
Tho sanu reumark applics to tho small area of supposcd Kansan drift in
wustorn Punnsylvanic wost of tuc reentrant in the drift maorgin. Fron
Indiana wost the glocizl boundary is old drift; tho differcnce in erosion
of Illinocis and Iowa has boon tokon to prove that the drift of the foraer
stato is much youngor thrn the margined drift farther waest, thus making
throc pro-visconsi, drifts wituout including the Yowen. As shown above
thore is somo roason to doubt this conclusion and more data must bo golle:t.
in ordcr to romove this suspicion. Farthor to the northwest in North
Dakoto and llontana tho morginel drift occurs in the bottoms of valloys
of struons divertud by o foracr ;lociantion and Alden has sug osted that
this drift may be youn_ ur thon thoat of southurn Iowa. The oldust mountain
glociation must suruly be as old as the oldust buriod drift, tho Nebraskan.
The ovidonéo as studiud in this fashion indiectes four or possibly five,
glacinl stages but thure is no point whoere all of those are found in
a single scetion out frow a glaciol contor or vertically above ong another.
If the Kansan and Illinoicn should prove to bo parts of the same stage
then the nucbor would bo raoducud to threc.

Extent of rucussions. Tho Toronto interglacial dopesits arc only
100 miles from the ;loeicl mar;in ond the jumbotils of Towe are not knovm
ot much greator distoancus from the unglacinted region. The Jamos Bay
lignites alone indicatoe deglaciation in the far north. As pointed out
greet oxtunt of such doposits could not be vxpeetud on account of glacial
and intorglocinl erosion and long durstion docs not prove groct extent
of a recossion. It is clear, howover, that thore was at luast one complete
or nearly complute doglaciation.

Ciimote during roccssions of the ice. Tho Toronto deposits stand
c 1nidly proving a very nild climcte botwioun two glacial stages.
Romains of dtouperato vegotation could not be oxpected in the latitude of
tho Jamce Dav lignitus. There is sone ovidunco that the Aftonian was an
intorval of temperate clinnte but tho position of the deposits so near
the southernmost cxtont of the ico roduces thoe significance of this.
The position of the Toronto formation in the westorn soction has ncover
boon doternined; it may be Aftonicnpr it nay bolonz ot tho time of the
Sangamon, the great break betweon the young ond tho old drifts. The
paleontological ovidenco, therefors, indicates onc or two mild interglacial
intervals. ‘

Corrclation of drifts. If there arc four or five glacicl stages
thon drifvs of oceh huve not boun discrimincted fromp 11 of the conters.
This may noan cithor (2) that tho natural difficulties of corrolation
havo preventod tho reaching of definito conclusions, or (b) that thore
are fower than four separatoe stagos. Tho case of tho Kansan and Illinoian
drifts is thc best illustration of this point. The attomptod correlations
of tho Pluistocenc formations of the Atlantic coast with tho section in
tho ilississippi Valley appcear to have been over teo great a Gdstanco to
inspire confidonecc and such should be discournzod as tonding to bring
discrodit upon the sciencc of glacial geolugy. The same remark may be
applicd to the usc of a considerablc numbor of the eriteria formerly
in voguao. '
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Iviluics of thic m,stbrn gusterdery Inkos.  Tho Qubt~rnhry lakcs
of thy Growi Dosin have thus for discloscd ovidenco o buf one arid poric
wiieh zon bo corroletud with o tine of eonplute deglaciation. If evidoncys
ef ethur hwiid Loritd ondin: to oorly Ploistocenc glacial stages
oxret.shor must e tho oldust alluvial conus. The phawening:
are, tﬂu;furu, rot ix haraony with thu succussion worked out to the ogsis

!'.3‘
b

ST R L ey \‘) +n re was but onc real interglasial intervel,
the wt‘ FoGOsSE ans haviny boun WUSU oxtonsive, or (b) thors wers older
lakaes romcins ol .ch have not yut boen disc -Vurul. The fornor ajsrocs
with the Hujoan+olb~wc~1 cvidenco of tha Mssissippi Valley so far as
the lattor is knoun.

g
his
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Swmgory. It hos boem gucun thot the ovidence for complote or noarly
emploto degluacicuion during the rocessions of the ico botween tho glacial
stopos is not luecisive for more thon ono or of most two of these intorvals.
The oxest nwubor of najor ruesssions of vory long duration is also open
$0 sono doub®; thure nust hovo boon gt lucst throg principeal glacial
invesions of thy northurn statos, if not four, ond possibly fives Noihing
that is said horein should be takon as shoving tha4 tﬁu“c werovsoveral
distinet glecicl stapes in those latitudes; tho only question is hovw far
tho ico rotirced duriag thc intervels. Theore nay well huvo beun only one

mild intorval of complete deglecinti n without destroying the ruality
of tho separate gluvicl stages in “the United Stotese It is probable that
somo roevision of tho nuaber of Stﬂqu and tho nones applicd Fo them - and

novdud, Most criticism applies to mctters
rees rather thon to the main conclusions aos
s,Jv\qo zlaeciation. To quote a well-known

(‘J

of eorr¢lagtion of difforons

o
to the tinos oi recussion nay !
t0 the ceomploxity of the fi.ui

foroign zuthority, W. D. @right: " It is intoresting to note that the
appoaront ensc amd o dofi n_tnksa uith \"lch tho Anwricons have read tho
rocord of thoir glacinl doposite is yredurlly bocoming reduced to a stato
of ognosticism vory siwmilor to that Jf tho EurJgu;d =loeialdets toward

(rd

their northorn drifts." {Quaternsry Fco Age, pe 167, 1914.) Europeésan
thought apocars to bo tonding towrd enly one mild inter;lacial interval
botwveoon twe jlaciations onch vith two moxina. It is Jossible that tho
sone will uvvntaLlly bo found $o hold true in this country. IXf go, thao
section 2 i be rovised 1o rusld: (2) older gleciation including Nebraskan,
Konsan cnd Tliincion Jdrifts, (b) truc intorglaocial deposits, Toronto
fornation, oite., ond {(e¢) youngor glaciation, including Iowen (1), and
Wisconsin drifts. For the pruscnt, hovevoer, it is best to rusorve judgnent
on this broad guestion and %o confing oursolvus to tho task of elimincting
tho nistakes duo to foulty critoric and to the changing of sone of the
naries 1o onos more appropriatc. Tho questions of the Ploiitocono are

far more difficult to solvo thon sooued tho case thirty ycars ago.

LATE GLACIALL AND POSTGLACIAL PHENOLENA

Gonoral. Tho retroot of the last ico left the couniry bare of
vegotation ot first and with nmany undrained aroes. Since the ice left
and tho last icc Jo:s molted ond broke destroying the ico-bound lakus,
continontcl uplift, wocthuring, crosion, and scdimentation have all wo_rked
changoes; sinilar phonouona occured during tho major rocessions of tho ice
oarlior in tho Pluistocene. In sonmo of the highor mountanins local
glaciors survived, some of them to tho prosont, and the ico cap has never
boon driven from Groonland. Tho work of men in cultivating ficlds cad
destroying forests hos introduccd changes of tho first magnxtuda in the
procosscs of erosion ﬁni scedinontation.

B
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Postleeial uplifi., The subject of late glacial and posiglacial
uplift of the land has besn considered before.

Postlaciel westherin: and erosion. The subjects of postglacial
weatherin; eni er.sion have been considered above. Post—Wisconsin weatb-
ering ie by o sorn: weclizible for on sandy plains the limestone peboles
have been destro,ad to'a depth of seversl feetThe most couspicious erosiou
features of posiriacial Time mre thosa due to the waters from the retreat-
ing ico; of thusv may be montioned the valleys of the St. Croix, Illinois,
and Niasgaca Rivoers In fuvw"3h1 locations where gradients were steep,
matorial soft and imporvious considurable velloys have been formed by
local procipitation alons; of thuse may bo montioned the valleys end
ravircs in tho beds of some of tuc glacial Great Lakes. The work of man
hes vqormoumy spruled up erosion by (=) substituting bare fields for
grass and woodland, (b) trumping of ground by cattle, (c) substitution
of grass laad for foreust mould, and (d) incrgsing the rate of rum off
by droaning marshos and lakes. The formation ‘of shore linos is a phaso
of postglasicl corosion; bLoseh lincs arc not positive proof that the arca
they surround was once 2o lake. #ome appear to have developed around
mershos due to (a) drying and lesser plant growth in tho margins, and
(b) burning out of puat in the samc situa thJ, both of which cause o strip
of opun watoer wios. level may be considerably above that of conneeting
Iakas,

bnlv .

Postzlocinl scdimentation. Postzluecial sodimentation has been both
(a) inorganic. wnd {b) orgmnic. Doposits of the formor clags havo been
made by fh) lokos, tb) etromas, (c¢) slopewash, and (d) wiad, #long the
coasts thcre arc lote slecial znd postglaciel uplifted mariac sedimonts.
The conditions for the formation of Su¢lmudta were bust (a) immediatdy
aftor glacicl rutrowt beforc vegetation obtrinod a foothold, and (b) since
the work of mon acculurated orosion. A conspicyous feature indiructly
du¢ to mim is the formation of cattlo and shoop troils on stoep blufis;
as thusc arc found on sbandonud excovotions ond dumps fheir recunt origin
is clunr. An asnalagous foaturc is tho hummocks of marsh borders; those
should net Lo confused with gross tufts but are duc to tromping of cabtle
butresn thoe Sufts, Hummooks are absunt whore eattle have not beun pasturod
and cre known to have dovelopod sinco tho settlement of the country.
Host forms of iwurjonic scdimonts havo buen troatod before. Organic
doposits consist of (z) peat, and (b} marl. Tho lattor is confinod to
rogions of hard wotor; in some casgs the glocicl tramsportation of limo-
stonc hos causcd hard vatoer in regions vhoere it was probebly absont in
prv -laeicl time.. anothoer postglucicl foature is thoe formation of ice
emparts by oxpension of the ico in lakes ond wot marshes; this procoss
is confincd to o elimotoe whore wintor snows melt off beforo the ice is
wockcned, Marl is calcitic oven in dolomito rogions.

Locnl mlociotion. In the highor ran;os of tho oastern United Statos
cnd Conada thu“c ary cirques made by local glociors., Opigions differ
as to thu ajec of thoso in refceronce to tho continental glaciation.
Absence of morcines ond tho shapus of some of tho cirquos have boen taken
t0 indicotc thot the fuatures arc older but this has beon disputed.
There is almost overyvhure the denger of confusing locel moraines with
londslides. Local glacicors probably uxisted at soveral times during the
Pleistocunc in this region. The Groenlond ice cap lics on mountains end
its bordor therforo tokoes on much of the charactoer of mountain glaciation;
it is not furthor disecussod here.
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CaUSKES OF THS GLACIAL PERIOD

Introdiction. The problem of the cause of glaciation is one primarf® ;
of climatology ond not of goology. For tho benofit of those who have not :
studicd climotolopy tho following should bo stated: (a) glaciation results
from the cb.rryinb ovor of snow from onc scason to tho noxt so that thure
is a net goin leading to snow droingge instoad of water drainage, (b)
condvnsatlon of malgturu liborates latent heat which is inmediatdy carried
avvay and dissipatod in the ctmosphere, (c) melting of snow and ice uses
an immoense cmount of hoat, 8 tenths the omount nceded to raisc the sanc
wiight of wator from tho froczing point to tho boiling point, (d) the
touperature of the earth is maintaincd z2bove that of space by solar rad-
iation which unters tho atmosphere as short waves and is changed to hoat
by contzct with rock and oarth, (e) radiation of hecat from the earth
is rotarded by water vapor, dust, and carbon dioxide in tho atmosphere,
(f) snow fields refloct light and absorb little heat, (g) the air is
generally cluar above snow ficlds, (h) other things being equal the amount
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of proeipitation at a given locality is detormined lorglcy by teupurature
deervesin: with deerease in touporature, (i) heat is distributed on the
sorth by winds wnd oce.on currents, (j) prucipitation and storm tracks

in tho bult of pruvaliiug wostorly winds whuro the icc shouts accunulatod
are controllud by factors us yut impourfuctly understood.

Disiribution of ;dociation. Tho contors of accumulation of Pleisto-
conc and modorn glocintion in the northern hemisphsre arc sitpated closc
to (4} the Worth Atlantic, (b) Hudson Bay, and (¢) the North thcific.
Low pressuro contors oxist over both of tiic northorn oceans and arv bust
marked in wintor wheon the londs arc cold; thoy are contors of meximum
storirwmess. Grgonland, tho only morthoern continoptal glocief ot prosent,
is ocecupicd by o permonunt hizh proessure conter or anticyclong. Thoero
precipitation is frow hizh luvle eirrus clouds. In the zroas of the
Labradoricnsad Keuwatin centers procipitation is duc to cyclonic storus
and on tho woustorn mountains to these and to winds from the ocean forcod
upward by thoe mountains. Thero nover woere sny gloeiers in the dry cold
rogions of northorn Alcska' and Siboria.

Ploistoconc climate. Pleistocono climate differud from prusent
gonditions merely in dugrou. It still froezes in every month of tho
yoar in the locations of thu glacial centors. Tho cvideace of mountain
glacicrs shows that the Pocistocene snow line was lower in altitudc cad in
Letitude. Othsr phenoncena of the Pleistocenc ice ages wuwe (&) high
wator levels in tho stroans and lakus of both glaciated and unglaciatued
regions for instonce in the Greant 3asin, and (b) a lowered lovel of the
occans duc to abstraction of tho wotor nccoded to moke the icu sheuets.
That the wind dircctions wurc ¢ssentially the same in the Plegistoconc as
thoy are today is showm by (a) purallclism of the older and the presoent
snow lincs, (b) the distribution of local glaciers on the looiiard sides
of mountains, (¢) distribution of the looss, and (d) epparently by the
distribution of plants ond aniincls closc to the southwestern margins
of the ico sneuts. Glaciction could have boun caused by cithur (a) incrons
snowfall, (b) reduction of mclting by low summer tomporatures or short
surriers, or {c¢) roduction of melting by clouds and storms. A groatly
incroasud prouciitution is difficult to account for ospecially as the
ico shoets thomscl. .o nust have tonded to reducc the carrying power of the
winds. High water lovels can be oxploined as well by roduction of evep-
oration,by lowerin: of touperaturo.as by incruased preeipitation. Tho
first causc is, thoroforc, not proved. Decision botwwh the othur two
couscs is difficult. Lerge ice fields do not have a cover of clouds
but tond to become mnticyclones waith light precipitoation, the snow being
sproad out by thc radiating winds. A goneral lowering of muan teuporaturc
oppunrs probable but whethor (a) a flat reduction all over the world, or
(b) reduction in cortoin arcas duc to changes in wind belts and storu
tracks is difficult to doecids. Iost Ploistocono organic remains indicate
o subarctic ¢limate far to the south of where it now oxists, OSurvivals
of the Plcistoceno lifo arc found on (z) high mountains, and (b) on arcas
of poor soil from which the tempercte fornms havo as yot been unable to
push their prodocessors. Computation shows that o reduction of only a
few degroes Conterrade of tho mean annual tomperaturc could produce glac-
iation. Tho resistonce of the ico to moelting becausc of (2) the cmount
of heat nculded, znli (b) the cover of moltoed-out drift, onables the ico
shoots to push far to the south of the conters of accumulation and probably
gntor tho zonc of forcests.

Intorzleeinl climatc. Tho clingte during ot Icast one of the
reccessions of the ico appcears to have beon s warm or warmer than at
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prosont in the saue letitude. The evidoncw in the cusc of tho other
inturvals is uncortoin but it hardly scuns likely that tho only known
orgenic repeinsg woro doposited  citner et tho bu“ldlﬂ or the end of tho
intorval vhon the elingi. was cold. At the tinc of'tnc formsticn of tuc
nain body of thoe loess butween the Illinoicn and the wisconsin sto;es
aridity must nave provelicd, o faet which may sorve to conavet this inter-

vel with the dryiag up of the lokus of the Gruat Basin, The lack of a
801l botw.on tho louss of the Drifitless Arca cad the underlying rosidiua
indicetoes aridity in thot region. The climatic problois suggested by
tho old louss of Iown shill mweidt solution. Tho formut1on.of the gunbo-
tils su;sests moist worm cliuates.

Post locinl climate. That the roturn to modorn clinctic conditions
wos not a continvous chungo is shown by (a) varying lake and stroom luvels
in tho un;lzeiatod rojions, (L) cussation of duno wnd locss formation
in sonc arc&s,\kc) voriation in rote of growth of the big trovs of Cali-
fornic, aad (&) obs.rvatisns during the torm of hunen history. Somo of
the cvidonco on which thusc facts zre basud has boun disputed,but the

guncral feoet of chiongus in climate is indisputable. Today glaciors

(6]
arc ncerly cvoerywhore fighting a loosing battle cjoinst the sun.

The problem. A thoory which con explaip the ice age must bo able
to (2) accuunt for a generael roduction of suricr tnnyurhturvs ovVer a very
long period of tinme andl GVor o larie portion ‘of the globe, (b)- account
for scveral profound ond long continucd oscillations of the ice borders
(c) account for at least onc very long mild intergineicl intorvel during
vhich thu ico shouts disap.cored entircly and tho climctu was if anything
warucr than that of today, ond {2) cccount for pronounced desert condit-
ions during onu of tho intorvals of icc rocession, prusuuably that of the
ni &d cllmhtu. Tho thoory nust take cecount of tho very complex conditions
vhich govern clinctcs and must not confuse causc and offoct.

Types of hypothusus. Hypothoses to oxplain the glacial period may
be divided into (a) cstronoiical, or forces outsidoe the carth itsclf,
(b) torrestri:l, or forces within the oarth, ond kc) atmospheric, or forces
in tiic garihs =%os, 2 ore. Under thoe first may bo listod (a) variation
in the inclinctica 7 the oxis of tho ezrth, (b) passage of the carth
through cold and worn rogions of space, possibly oxplained by the cmount
of dust betweun thou cardh and the sun, (c) varaiation in the heat of the
sun itseif, (&) variztion ia the electrical activity of the sun, gspecially
in that shown by sunspots, end (¢) variation in the eccontricity of the.
orbit of tho certh plus variation in tho dircction in spaco of thobarth’s
axis, the precession of the equinoxes. Tho svcond class includes (a)
chan;es in clevation of tiie lznds, (b) changos in distribution of land
ond votor thus affoeting cvecon currenis and precipitation, (¢) oleovation
of mountein ronges, (4) shift in the position of the cirth's axis within
the carth, and (o$ cooling of the carth.by reduction of the internal heat.
The third class ificludws (o) changes in the atuosphere which affoet the
amount of reodistion of huznt fron tng earth, particularly variations in thc
erount of carbon dioxide, (b) chenges in cloctrical conditions in tho
atmosphere, ond (c) changes in storm trocks and storn frogquency. It will
be seen that the different classes overlao) toc o considerable extent.

Astronomic hyootheses. Variation of the inclinction of the earth's
cxis is possible only witiin narrow limits; in any event it would increase
the amount of gwxier heat in high latitudes ‘if the value should be greater
than at prese.t which would be unfavorehle to Jlaciation. A value less
than at present would be still less favorable ond there is no knowm cause




for lor_e soriations in inclinction. Chanjes in the temperature
in the amuuant of dust and in the padiation fron the sun are
but lrck proof of cause; the dus# theory is well-thouzht of by soue

The relation between suns;ots snd weather has bewun debated znd is d-:s@ﬁi
by sone. Tha lagt naiied ux Wlanction, that bascd oa changes in (2) eccon-
tricity of the.sarth's orbit, cnd (b):precussion of the equinoxes is

the nost fauous; it is known os Croll's hypothesis cnd wis announced ia
the late 60%s. It has the great advaitsge of being founded on known focts
whieh aroc capablo of uiht.rdlcal dcrunstrutlon but this does not prove
that the theory is c.upetont to oxpluoin tho frets. The ;riuhr} 1d.“ g
that chongzcs in the nccontustion of tho scasons by reason of changoes in
the distance of the earth fru“ tiic sun ot different scasons will be nltur—
noddy fovorsble ond unfovureblc to slociction. The orbit of tho earth
is . ollastical wiath the sun ai ono foens; tho degrec of eliopticity vari
with tho uovenent of the othoer plonets and con be computed. High Ve lucs
occurcd oporoximatly 100,000 :nd 200,000 ycars ago and a very Tow ono
sbout 40,000 vosrs ago. Tho prolongation of tho axis of the ocarti'des-
cribos o cireclc in tuu hoavons once in evepy 21,000 yeors; this is pro-
cossion of the cquinoxus. A&t present tho northern winter occurs when
tho carth is nearcst the sun and cccontrieity is now rathor lowi. It was
concluded vy Croll that, 8lthough the changes could in no way affoct the
total miount of hoat ruccived by the carth during a scason, ncverthcloss
the tonperaturcs would Lo changed by the differont relative loagths of
suivier and winter., whonuover one hecisphore hod its wintor whon the earth
wes farthest from the sun thot scason would be long and cold; this con-
dition would bo roversud overy 10,500 yeors so thot the suziers would bo
lons; cnd hot in the swmic huudsphere. The computed varictions in noan
daily hoet cro quite large and would be most marked in hich latitudes.

i wos adoitted that these diffoeronces would be in tﬂu*vaVpb incompeteont
to produce glaciztion but it wrs believed taat socondary ceff:cts would
reonforco then until thoy did. Pheo principal one of those was the nsswap-
tion that the greater teuperaturc grodiocnt frow pole o equetor in the
claeicted heaisjhere would forcu the trade winds awny from that rogion
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ond thus on cecount of the shope of the cast const of South Ancrica deprive
the hemisphere of -1 of the prosent warn ococn currents. Another, less
0 on to question, w.s the solf-perpotuating powors of growing ice sunoets

Croll's hypotivsie ruquired nlternctions of glaciation bbthuuﬂ tac two
hoadsphorss witi warn intorglacizl periods in- the hemispheres oppos sito
to that Vhich wes havin: 01“0111 clinate. Ono of thoe nain objections

to the hypotncsis is the briof time allowed for such profound roversals,
only 10,500 yeors, which is totolly inadequate to periit of such largo
ice shects as thosc of North ducricz. another objuction is the lack of
obsoerved wltornations of cliuctc and of cltornations in glacial condit-
ions in the two heuispherces; glaciers are or have recontly rotreated in
the southoern os well os in tiwe northern hemisphere. Attompts have been
wado to show that once lecintion beecue established it would persist
through the unfavore le cyclus thus zivia; two or thrue Pleistoccene glaciwl
Stcon, each with rhynic osc1llutlon:, “nd s@)&rut d by a prolonged mild
intorrlocizl 1nt¢rvaf‘ar by two such intervels. This view Wauld OVGrecong
soric of the main objuctions and zccord fairly woll with the facts of
Pleistocene history but lacks confirmetion.

Qerrestrial hysotheses. HBlevation of the land eround the glacial
conters was long favored by some jeolo ists as it unquestionably cxplains
nony arcas of nodorn glaciation. Zvideneo for this thoory leid nuch stros
on tho fiords and subnerged volleys of meny coasts. wone thought that
isostatic sinking closed thc icc age. The nmain difficulty is to account
for oscillations of the icc border cnd for intorglacial climates, and
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indeud, tho followers of tho hypothesis fought 1 ond violeontly in favor
of o roletivly bridf single spiscdo of glaeiatiun. Attoupts woere also
nade to susorpose Oroll's thucry on this onc, énmothur difficulty is to
actount for world—uide eloyation end thu clinatic chanscs of unylaciated
rogions,  Chanposiin the distributicn of lond and woter are for the nost
part unsupported by cihrrovorntory osidence ond sttach an oxpggorated inmpor-
toneo to ceurin currconte; such a thuory is no longer scriously entertainta.
Neither is the thoory of glocciction due to internel cooling of the earth
any lonjer regoerded Seriously for it could neither explain tho oscillations
of clinmate nor the inown fact thot internal temperuturs hos little to do
with surfisce touusroture. & shift in the location of the north pole %o
somewhere neor Icolrnd hos been fovored by o few. The theory finds several
difficulties: (z) tho inowm wind dirocctions of the Pluistocenc are the
scne o8 now, (b) thure is no known cuouse for sueh o shift although souc
nstronomors think it a poseibility and othors duny this, and (c) the
occugﬁncc of interglacinl conditions.

Atnosoheric hypotheses. Bxplonations of the glecial period by
changos in the winds are o,on to tho objection thut such would be the
result of glacictiva rothor than the causc. The sane applies to clianges
in tho amount of moisturc in the atmospherc bocauso that is a function
of temporature nowever nuch it may affoct radiction. For icmost among the
atoospheric hypotihuses is that of Arrhenius which is bosod on tho conclusio:n
thet the carbon dioxide in the atmosphers has (a) great hoot totaining
power, tnd (b) srout voristions in amount dup to turrostrizl activitics.
The thoory has beon cloborated by Chamberlin but has nover had uuch supgsort
outside of his followurs. It is presuncd that continontal emergence
during the Pliocone caused absorption of carbon dioxide through (a) carbon-
etion 4f rocks, (b) solutiun in the ocean, (c) checkiag of liberation
during foruotion of lincstonss, and (d) cosorption by vegetetion. whon
the corbon divxicds'aad beon depleted enough to cause sufficiont docrenso
in teupersture tu stare slociation, then other forces werc callod upon o
revorse the procouss, sueh as {2) rcduction of weathering by ice cover
snd cold, (b) B turn of €0, o the cir on aecount of differcnces in vapor
prossure, tho &ir having been depleted until tho occan gove baeck port of
vhet it hed cos.rbed, ond (c) lussening of use of 00, by vogetation,

It wos acsumed that those complex foctors would ogerascs. in such a wanuer
g8 to ecruso 2 deelining: aa to cause alternations of gloeianl znd inter-
glacial climoies in an oscillating curve of deelining vigor end intervals
between placinl stoges. liany features of the nypothesis are vague and
ineopoble of proof but the worst feature is the opinion of a nuuber of
cauthorities that carbon dioxide is not the efficient thermal blenket it
wos supposed to be. A later theory is that of Huntington who postulates
that not only storm froquency but the tracks of cyclonos cre goveroncd
by sunspots. He sug;ests lonz sunspot cycles, the existence of which:
is cdmittedly Uaproved, which might couse glaciation. The theory is attrac-
tive but unsuported. another suggestion is that of chonges in dust in
the otiwosphere on cccount of volceohic activity but this is open to tho

orie objeetion, lock of confirming evidenco.

Conclusion. Thero is now no generally cccepted theory of tho couse
S D L v 3 - [T .
of Pleistocene glacintion and little appurent progress has been in this
direction in nmeny yoars. The problom oweits solution throuzh o fuller
knowledge of the causcs of weather conditions, ospucially of the very
wet ond cold scasons thit ooecur at intorvals. To quote Shaler "the student
why forns o pugticular hypethesis is ovoer aftorwards out of the search
2l” together. Be cloovos to his idol, while fresh men pursuc the trail.
Tinlally, when mony thoories have in turn boon held to be sufficient, it
o :
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gradually gpoeurs that they were 2ll, or nony of thon, in part true,

and have t. be unitod to ncke the whole oxplanaotion.” Athough the above
was writton over 40 yoars ago, it holds truo today ond it scems probablo
that the trus oxplanatidn of tho glacicl periocd will be found in tho
complox intorneiica of forcos that we now undorstand only whon vicwod
alone, the o’rcus bhns povern the retontion ond distribution of the hoat
of the sun.
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DUAATION OF THs GQUATEUIAAY FPa..I0D

The problen. The first stop ia detorninction of the durcation of the
Quaternary is rnic ern-at of postglacicl or Reeocat tine. Such oy bu
derived from mousuring thoe raote ot which sone procoss is now oporating
and dividia; dthe rgsult inty tho sum-total of its accouplishiont since
the rotroct of thu ic The procosses o far usced for fthis jurposo
ere (a) erosion, ; rthulurly thuo rocussion of wator fzlls, {b) sodinon-
tation, cssccially vhoro varves arc prosont, (¢) wuatheriag, cnd (d)
migration of plents into tho ;locinted < isurlct Tho Hrlﬂclﬁﬂl diffi-
culty in this monsurnent is in detorminiag if the ratc hos boon uniforn
end if It has nob boun; ik doterminiay qUuulbgblﬁly tho lack of uniforuity,
Tho noxt stop is to find out by comparison what fraction yostﬂl acial

tinc is of tho gntirc Quaternary pcrlod.
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Zrosiosal puosurihonts. At first sight it ndght appeer taot tho
reto wl which struc.s oro reaoving nstorial fron o watorsncld mignt Lo
diviled iato the total velwio of tau orodud valleys; both quuriities arc
gapablu of sccurute avosuriicnt bul crosivn does not proeved nt a uanifora
rato. Dven if (o) veriations in cliuate, wnd (b) ohme uifuet of tho work
of man could be elindnated the process is still dupossivle. Yhis acthod
hos, however, beun wuployed by Bain, Chamberlin, “everott, and others,
Rocussi *n of falls, Jerticulurly Riogara Falls and St. Anthoays Falls,
has boc . more of o favorite; the rates of rucession of both are known
within o suall war;in of crror. The olders goologists opulicd this ratc
to the total distuncu of rotrect with rosults _avoraging less thaan 10,000
yoars. Later work has shoun that (a) the quaﬁéty of wator at Nisgara
has varioed nore than 1,000 por cont duc to changes in outlets of the
Groat jakus, o fact shown clearly in the varying widths of the gorju,
(b) thoe hoigfd of tho fells has diwinishod, (c¢) tho amount of liuestonc
has incrouased, and ‘d) o portiou of the gorgo was cut in drift and Aot
in rock. Usiag ostiiutos for thesc qualifications Taylor nake¢s the biue
20,000 v 35,000 years sincc the wators foll low cnough for Nigjara 4o
bogin to flow, Obviously this is only o fraction of the timc since tho
gexinun of the last ico, &t St. Anthonys Falls thoro has also been.

i) variation in flov, (b) change in anount of resistant rock, and {c)
docruasse of heigthh Cutting could not havo commmencod until the channcl
of the Liississi pi below the junction of the lilnncesoca had boeon crodod
by the waters from Leke Agessiz. The latost cstimate places the age of
tho falls ot 20,000 yoars. A nunbdr of cumputations huve bueen basvd

on wavc orosion but arc opon %o tho objoctions that (a) tho location. of
tho original shoro linc is indetourminable,. (b) the. ratc of cutting dcercasce
with $ine, and (c) owing to changes of watur level and clinate tho time
nmoasurcd is aa indeterminate fraction .. postglacial time. Although
the erosion of the older drifts cannot bu usod as a quaditative uoasure
of their ape as compercd to the last drift still it is cloar that unloss
(2) thoere was nuch crosion whilo vogctation was abscnt, or (b} thero
woro vast changes in clinatc, tho oldost drift at the surfacc nust bo
from 10 to 80 tiuws os old as tho last drift.

Sodinenbory ﬁiasuébuntS. iiost ostinontos basuvd oa necnanical sodw
izonts arc open to tho swio objections as to the use of erosion; tho :
rate has not Loun unifora cnd coanot be ovaluated. It has boon sujpested
thot chegiical or orgmnic scdinonts be cuployed but in that cage the rate
varicd on account of climotu. The uso of varves apacars to be the only
pos=iblo solution of tho question. Antuvs arrived atv 4,000 years f%f tuc
rocession of tho ice from part of Mow @nzlund but thus far no ncasurient
of postglacial or interglecial timo has boon wttonpicd in Amorica, In
chgion Dc Gour found that postglucial vinme is about 12,000 yoars,

woubhering noasurnents, It is gpparently iapossible to usce dopth
of weanthering as a quenitobive measuro of age since the rato decroascs
with depth in an indetormincoble ncancer cnd is conditioned on too nany
factors thot have Loen subjoet to change. Frore gqualitative standpoint,
however, the cvidonce of weathering, particularly tho formution of guubotil,
is indubiteblc cvidonco of the age of the old drifts as comparcd with
the Wisconsin drift, Iadood, tho gumbotil, unloss thore are unknown
factors in its formation, appoars to indicato a much greator age of the
fanson and Illinoign dpifts thon would be warrented from Lrosion; one
could readily belicve tae Hangey drift to be 50 times as old as the
Wisconsin on this basis, The probability is that erosion did not got
started until tho gunbotil*had been largely developed.
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Vojotational esti.etes. Tho m igration of vojectation into a glaciabe
rogion is slow in tho casoe oi plants that do net have tacir scuds carriud
by wind. %ho rate of nigration con bu ugasured nvar oxistiog jlacicre
that have rucuntly rotreatod but it seowus doubvriul if $his roiv can v
appliod to othur rogiouns with difforont soils and cliute.. Guyssus buscd
on tho race of nigretivn of nut-bvariag trevs arc intoeresiing ucroly os
showing the jonorel order of najnitudo of tho time involved. The groeatest
vroved 'istancus of nd cration aro (a) thc Jauss Dey int%ﬁlacial beds, and
(v) in jostplacial tiuo.

Conciusion. altnough thore is no gonerally acceptod figure for

the duration of postglacial or ilecont tine, it agovars provelie thut it
is less than tho 80,000 years postulated by Crull since tho maxinul of the
@isconsin stoju of placiatjon; for the Lississiy i Valloy 50,000 ycars
socus & foir estinmate. Objously, the tine sinco the final disappoareacu
of the Lourador ond Keowatin ico caps is much luss and thne duration of thc
antirc CFloistuccne vory nuch greater. 3ain madc toe Kensan drift fron
10 to 15 tincs as old as the Wisconsin using orosion alons ag & basls;
using wontheoing’a fijure the result would surcly have becn much groator,
possibly 50 timcs es old ws the Wisconsin. If tho Liuraskan drift is
twico as old es the “onsan we would have possibly 5,000,000 years for
the duration of the Floistocene. Fhis figure is for greatoer taan tho
¢rosioncl cstimates of Chamberlin the dotails of which have never boun
discloscd. They are admittedly mere gucsscs but when onc considers that
(a) sany kinde of plones end animals have bocoiae oxtinet since the begin-
3?53350§f¥ SP&ED£§Q£X't(b2 valloys have bocea cud in solild ruck to depths

e BURArsd 19v%, {c¢) tho oldor drifts nave beon vory- deoply woas
thored, td) plonts hove migratod over wany hundrods of miles, ... (¢
stoncs wore transportod over similar distances by slow crecping ico,.
xd (f) glaciation wos intorsupted by one or nore long intoerglacial inter-
vals and sovorel imucnsg oscillatdons of the ico border, then those figurcs
do not soum tos groot.
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LIFa OF THa CLAISTOCLNE

Gencrali. The b¢gi§§ng of tho leistocence was uarked by a change
fron the ild rliocuno; this broughtabout a marked souiviward aigration
of plants and animals away froa the oncouing icc shocic. During cevery
recossion of the icc frunt anld particularly during thu one or morc intervals
whon the ice caps lisappcarcd ontircly from the North Adoricun comtinent,
s>r at least frou the Unitod States, the direccion of mijration was reversod
for a timo. Appareatly Jduring at loast ono of those intervels the clinmate
was so1ow ghot warnor then today. During cdvences of tho ice the climato
wunhyroudmy rore soverce then during rocossions but tho ice shocts wero
lhrﬂlj rnentlod with drift noar tho norgins and so‘did not mcko as cold
a climatc along thoir uoutnurn adargins as some secenm to have supposed.
In this Jaj the ! ek rodains of o thrhrutO clinate could be
buriod by the adV1ncin; ice. ilost of the organic remains in the Ploisto-
conc of the United States aro arctic and subaretic spocics which probably
livod closc to the ice, It is a mistake to rogard the southermmargins
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i -
as bordorod by o dusurt savo 1nmuu1ut}y aftor & rapid rotrcat. water
fossils aro much buitor indicos of clinatic conditioas tuan are laad
aninals; the lutter mould approech tho ice in the sudier or cbuld grow

a thick coet of hair asidid tao Poistocone olcphants, but the cold of the
glacial stroavls was without cithor nuch scasonal chango or much incruase
in tomporaturc with disteince frow Tac icd.

S ady of Vloistocenc fossils. - Most Pluistocenc glacia)and glacio-
fluvial deposits are entiruiy bDarron of organic remains save fussils in
fragmonts of hard recks of far groater age than the driit. Somo tills
contaln uany rrognonts of wood which mey have beon cerricd a lonr distanco.
Host of tne LmClLl leko bods also are devoid of fossils on acpunt of the
cold nudiy waturs at the time of doposition. Donosiis of peoat, stroaum,
and leke doposits during the mejor rocessions of tic icc have yiolded the
most fossils, '*ho loess eltnough containing mony wmollusks, has thus far
failod to show the abundent namualian fauna that it carries in durope.
Many locss doposits contain no fossils boeausu (a) they arce so thin that-
leaching hes dustroyed the romains, (b) tnoy accumulatod so slowly thak
all or;anisns decaycd before burial, or {.; thoy were deposited 1muod1atly
after glaclatlon whon thorc was littlo 1lifc in the rogion. ‘fho study of-
Pleistocunu fossils is ia its infancy in agcrica for wosg bdﬂldblbtu nave,
not beeon cvxpericacoed pelcontologists and uany ﬂaVU apparontly pot realizod
the importance of accurate doterminas:ion of vrpganic rouuins tne paloo-
ntolo;ists heve not beun experienced gooloj;ists and nave had to work wita
much naterial whosc source was unly vagucly known. Thus it hapooens that
althoush tho bunural ncture of the Pleistocunc faunas is knowm, exact
correlatlons on tine basis of fossils aro not you pussible. Palcontologiccl
evidence appours to favor tho equivalonce of tnu Turonto- and. tho Sangauod.
Thq&ftonian founa is distinctly oldur with a groater proportioan of uxtiact
spociecs. & stricing founture of tho Ploistoccne was the northwprd oxtent of

tho elephante; those croaturos did not become oxtinet until postglacipl
times, 2 e S S

Pleistocunc non in anorica. In spito of the efiforts of nany gevlo-
gists, particulariy tiio old-tinc hybrid arcacologisti~geologisis, no provel
instance uf nuuan rolics has ovor boon-discovoered in the fleistocene of
America. Tho sup.oscd auuuﬁ@nCUs aro all uxplained by - (a) Lurial Ly
landslides or slopuwasn, (b) burisl by. hunan agoney, t(e) eniry into animal
burrows, decaycd routs of trous, cracks, utC., (G) ruworking of strean
doposits by modorn stroaus, and. (o) frauds. Llan cortainly did not nako
his epjearance until rolat1¢1y rocont tings; in Europe glacial and intor-
glaciel nunian roreins aro provoed, :
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BCONOLIC GuWOLOGY OF TiHa DAIFT

Introduction. The glaociel drift is of oconoidc iuportance (a)
for tho use of soac of tho naterials in and associatod with it, and (b)
bocauss it concuels other for.ctions. Tho subjucts here trocted arc (2)
groval, (b) swald, (c) elay, (d) uiscclluncous substances, (o) soils,
£) wator sup.iios, () oxcavation end drilling in urlft, and () napping;
of formctions bunccth thoe drift.

Gravel., @lacio-fluvicl matorials are soughi for roud and struc—
tural matorial. Gravel is desired for (a) rocd uurfac1n (b) concrcty,
and (c¢) filters. Grovel for surfoecing should contwin (a) nore stonc
then sand, (b) 2 downward cradation in sizes fron fwe inches in dianctor
t. sand in such proportion tnﬂt voids arc filled with tho sualloer uaturizl,
and (¢) a bindur in the shapo of weathoerced pobblos or clay not ia suffic-
iont anount to be sticky or slippory when wut. In sone casos thu last
roquirciuat nay Yo ot with oithor {‘3 shale, {b) elay, or (e) tho eclay
of tho sub rado; most grovols require crushing and sercuning to moeot tho
othor gpecifications. Gravel for concroto must contoin no oxcess of
sand over tuct recquired to fill tho voids ond nust hove no wentherud rock
or s8ilt ond vory fow chort pebbloes if used in conervtc pavenont, Gravels
with naianly liawostone pobbles are best for tho last jurposc sinco tho
harcdagss of the pobblos is ncarly tho soic as that of thoe cuncat botwoun
thou. Inmorder t0 noot nsdera spocifications for concruto,gravols nust
bo erushud, scruunud, and washed. Outwash, Kauus, and uskers are sourcos
of drift grovels; tacy rank in norit in the order given. The localitios
vhoere privel is oxposcd at tho surfaco hove ncerly all been developod $o
sonuo oxtont bub thoru arc mony dOROSltS vhich arc cither (o) too conrse
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to usv without crushing, or (b) are ¢.verod by moru or luss material
of othur characcur. “ho provlum of thu guolugist is to (a) distiaguish
those undevelopud doposits by the erituria of topography, vegoctations,
and conditions of orizin, and \b) forucasi tac probablc uxtent and value
of both discovurud and undovoloped doposits on tho basis of their origin.
In this h¢ must Lo guived by tho cngincering conditiuns of (o) moxiaws
pernise’ le duyth of cover or stripoing, (L) quality of the gravel for
the pur; vsc roquired, (c) availability of trensportation, (¢) distence
from point of use, 2nd (o) availebility of water for wasihing if desired
for coneruvte., Docisiosn on the usce of the doposits is in wany casos loft
to the on_inyer or the contractor. Gravel cxploration rogquirus nuca
tost pituing, tor slunped surfaces oru very misloading. The soils aujer
is no use in ;ravcl, ®ouactinos further tost pitéing is recommondod before
sgrohigd .. of tho doposit,

Sand, Sand is used for \a) fine aggrogate in concrote, (b) mortar,
(¢) plaster, (o) moulding, (f) filtors, -%') sand-lime brick, and (h)
braking friction on rails. doquircments for (a), (b), (c¢), «ad (3) include
bYoth freudom frun clay and angulerity of grains. UJoulding sand must have
(2) variction in groin sufiiciont to allow of packing, (b) surrieiont
binder t5 nold its foru, (e¢) frocdom frow fluxing or gas-for.ing mincrals,
and (d) porosity to allow cscope of gas from the avtal. - Requircments
for the otucr uscs vary but are loss rigid. The probleu of {tho discovory
of sand is nuch tho sane 28 in tho caso of ygravol; sand deposits arc
nuch morc abundant thon gravel deposits.

Clay. Clay is uscd for (a) brick and tile, and (b) surfacing sandy
roads, Soth louss ond lake clays can bo usod for thesu purposcs., “hu
valus of clays fur clay products dopoais larjuly upoa chemical analysis
but tho availability of fuel and morkets are much iore important than
quality 9f naterial alone; The nodern tondoncy is toward thoe consovlidation
of clay'y aci usnufacturing ncar to large citics. Tho coupetetion of
concrate his jroatly r.oduced the clay product busincss in gocent yoars.
Clays moy Lo stuaioa with tho soils augor.

wiscullonusus. Hatural zas in snell amvunts is assovciaficd with
buricd vogetal depousits in tnou drift. Other subsiances souctimes of
velue are nmegnotite sands aud copper freguents. A fow dicwonds have
boen found bLut-have never boen traced to thoir GCenadimn sourco. associatud
with tho drift are peat aond marl; the formor is ef little valuc at prosent
but the latter has Loen used to some oxtont for cemcnt on account of its
low contont of nagnosium and is now being largely ocmployed as a soil
noustralizer,

Soils. So0ils mapying involves the consideration of (a) origin,
(b) topegrapay, (c) texture, and (c) chomical composicion -including amount
of ergemic mottor. ©oils arc classified in two ways’ (a) by toxturs, cnd
(b) by eripgin which dotermines seil sories. The fellowing tablce shows
the definition of {he soil scries now mapped in Wisconsin. The nenen-
clature varics considorably and there seems to be no vecord of the type
leocalitiocs after which tho series are ncued.

Loess and residual.
Hainly rusicual..

Dark oroirio
Shellow ridge top soil-Dedgoville
Deop soil on vallcey slapes-Bates

Light colored tiibered
On li:iestone-3axtor
On gronite~Marathon
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Lednly loessial
Derk prairie
Torraco
Poorly draincd-iahash
Well drainod-ivaukoshe or Lalrosse
wdugetop
Marshall
Light colored timbered
Turraco~Lintonia
Upland-Knox
Glacial noncalcarcous
Alluvicl (outwash)
wot Dark
Sandy-duning
Hoavy-whitman
Light colored, well draincd
Sandy~Fleinficld
Hoavy-aunvigo
Till on sendstone or shale
Light colored
Decp sandy-Golona =5
Shaliow hoavy-Vespcr
Till on crystallince rocks
aed
Iron range vorder-Mollon
Groy
Sondy-Vilas or Cholscao
guavy with loose subsoil-Kcnnan
savy with tight nottlced subsoil-Colby
Glacial calcarcous
Alluoviel (outwash)
Light colored :
Posrls drained-Gencsou
Woll Zrainvd, sandy-4ainficld
wull drained, heavy-Fox
Dark colored
Poorly draincd-Glyde
Woll drainced~woukosha
From raod lakce clay
Poorly drained-Poypan
Upland-Superior
il :
Light colorcd
Upiond tiabered-ifani
Thin, s=ndy and gravoelly-Rodman
Derk !
Upland preirio-Carrington
Ficld exauination shows a numbor of orrurs and inconsistencics in the
application of the above clessification; for instanco uany of thoe aroas
shown on maps as till soils zrc cither (a) mainly loess, or (b) lic on
glacio~fluvial nmeteriel. & number of the so-callod alluvial soils ars
loess on outwash or om non-glaciel alluvial valley filliag. o borings
heve in goacrel boun carried only to threc fect, a depth insiflicient to
determine the difforonce betwoen sandy $ill and woeathored gravel and
littlo attention scums to have beon paid to topopr.phy which boetrays tho
origin of the drift. Tho Colby soricvs has boun described as due to woathor-
ing of an old drift but goological oxaninution shows theot it is probably
for the most part en old loess. -Soil toxtures are divided into (a) fine
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frcvuh, 2.0-1.0 mi., (2) coorse ‘sand, 1.0-0.5 ma., {c)} nmediua sandy 0.5~
Q.85 nia, , (G) Fino sandy 0.25-0.1 rm., (o) wory fing sand, 0.3-0,00 b0,
(f) bllt, 0.05-0.005 e, cad (i) clay, loss tawm 0.005 um. Song of tho
soll sarivs: dg noboex ail loxturevs. Toxturvs src dotormined by tho
gru;-.o af beriel Shgd is presont dn lergest porcentares Bpils me .8,

howuver usuful for ius purpsse intended, hove very lindted value =8 sub-
stitutos for laciil A ¢

Y e

i v 34

i

wWater sup dics. Waber supplies con bs obtained from the sondis and

grovels of the driiis  Outweth plaias sr the best opporiunities for
develupnent \bubt thire o 2 srovel layers in tae drift which do not.
show &t tiie surfoce near the locclity wiere woter is desirel, Ildany such
outcrop at levlies 511i191cnulg high to furnish flowing wells. In order
to secure & larje y ieid of water it is necessary to havs eithor metallic
or gravel screens in the woter-bearing siratum for only a smell ameunt
uf siber can enter the ond of the casing. sroperly constructed drifi

11s have a much higher spoecific cepaecity thon do wells ia rock on aceouat

the hl sh porosity of loose material. Fallures to obtain water in the
driit are-due to \4) tov clayey naberial, and (b) iepsing of lenscs of

avel thuet Jox rot comuwnicete with the suriace. Drift weters are
subject 4o (2) dencer of contumination sinco the water may not travel
for ecoush to bo filtered, ond {(b) high iron contoent on sccount of noarncess
to the zunc of solution 5% iron in thy svil. The drift is slmost tho
only sourcc of wator or the only sourcc of petablc water in regivns of
cortain kinds of rock. The chenicel quelity of drift waters is very
varicble; noar the surfoce the amouni of nincrcl nattoer is low en zeccount
of loaehing of the nore Solutho substances. Poue deoup drift wotors are
very H buly “1nbralizuh, loc“lly morc so than tic rock wators beneath;
this is unednly iue to sno presence of finc weterial %hat is casily dissol-
vod,  In Visconsin welors arc testued bacturiologically for drinking pur~
posos by thoe State L,ﬁ hweva iYL Mo luge; this is gopw froa.,. Togte for
boiler usc must be mado by a cormorcial chouist; such aialyses cost about
$20; soaop tests rmy be fwmde fur less but aro not reliable.

iy
ke g

axcavation and ariliing, Bxeavation in dry saad and gravel is

aficetud by thc danger of caving; meny lives are lost in send and gravel
pilts, tronches, ovie. from this ceuse. - idechonical uXcuvaotors er hydroulic
nothods .ty be usud, 8Slopes rust e graled to about 80 uwegress to stand
pernanontly ond much trouule is c¢xperienced with washing. Vet sands

flow ond arc callod quicksands. iost tills stand up-well in uxcavativns
but bowlders give trouvle when machines ere uscd. Sone t1ills arg 8o
Gense and bowldery that Jﬂlj the heaviest stuam shovels can handle them
and that valy cftor blosting; in such instonccs excavation .oy cost more
than that of soft rock. Gu‘ dull mekes much trouble on account of buth

its stickinesse and propensity to slide; cuts must be very wide in such
material. Loess is cosy to cut and stands best in vertical faces, although
in very wot : reat. slidds may occur. : Lalic cl;ys slide very badly
rhcn wot cs g el ay Bilbas I Tl dns i irlfu may ve carricd on

in two general weys: (a) mutholis whore no casin_ is usod uatil the hole

is comiloted, and (b) uctkjls WAGLo casin; 36 dr von dovm as ghe holc is
ibv;ded Undor the first mothod may bo 1isted t 1) ciugors which are useful
in clay or very clayoy tlLl (b ) cussian tool -methods, and (c¢) $he
rotary mnothed with “uu-ludun flui Tho laet is Ly far the cheapest and

borial of groab dopbthe A-bit is rotatod
on:tho ond of B pi; 1ich }md is Humvad; tho flnis roeturns to surface
outeide of the dril l gl sevee bo eup ert tie sidos of tap hole until
coging gou bo LﬁSL;tou. The J;SEJVaabuLua of the mgtlhod arc \a) lack of
FEoUrHie- B les 01 ;utblﬁ¢i pong trgtuu, ang (& )‘duﬁrdu Jffdbl hatur~L
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ing strata without notieing theu. For this rcoason it is best to sink
a smell vost huring by ofhur wetacds bofore comauneing a large well with
tho rotary. OCasiip metiods-includo (2) tnose waerc pive is driven with
blows, and (b) those wiore pipe is prossod down with jacks, tho Califormia
af tdqla'uaud tho classification 8 (u)
cud bty one 140 by @ poing, (b) metl ds whaero
with @ buekot or o send pwap, end \c)

ied up by a streoem of wator. Of thesc the
Eix'st ds adagtod < spall diasceter drive wolls which carry

sand point or scroen with a point on the bottume In tho sucond casg tho
tuils are carriuvd on eitner a cable or soiid wids; they either stir uy

the meturial or cateh it in 2 dovieco liko an opeon lenguh of pipe. Fho last,
or jet moethod, uses wools on hollew rods which curry water down or In

sone cases carry out tac cuttings the drill ccting as a puup. Coble tools
with o bailor or sand pumy ere froquently spoken of as "staadard tools."
Jot mothods hove the advantege that recovery of lost toolsfis more rcadily
cffcctvd in smali holes then where ceble is used. Solid rod or pol

tools have the swac cdveato;e but ere now little uscd. No mothod whore
the cutolhus aro vwashod out of the holo yiclds reliable sanples; the

bust sanplos arc from tis augor and thoe bailer methods, Drilliag to

tost the formaotion ond do blAﬁlj make hole rapidly are two differoent
things zud this fact should bo impressed on the driller. 1In casing
methodas of drilling the oaly good smaples aro obtained by bailing closo

to the ond of tho pijic; matoriel drivon uy intd the pije or obtuined by
bailing lowver thon the ond is opon to question, Difficultics in drilling
in drift are nuinly e.usged by (2) bvowiacrs, (b) quicksand, aad (c¢) cortain
kinds of P%y tnat will not mix well or that form clay balls,  Dowlders

con bo distinguishod frowm bod rock by (&) springing under tine drill, and
(t) by their litholojic charactors, Thuy arc generally drilled through

and thon wruoken by blasting; this must bo dono with tho casing scveral
feut baeck to svoid Pﬂmago to the pipe. In borings to detoruinu dopth

to bed roek thac rock should ve ontored o fow foct to aake certain what

it is. Quib;dde auses very hord driving of pipjc and ia meny casas

logs of Touls uug 19 suddon riso of sond In Ghe pipo; it can bo ovorcune
by kecpin: wmiz hole fuli of wabtor, odliug wmortar, cumont, or clay. Clay
cun bo cut oub ia chuuks with proper tovls or caused o mix by adding
stonus or sond., Soac sands cen e picked upy butior if cluy is added.

Wull drilling requirss o working knowledge of ap_lied geology and the
Zoologist cun lecrn mwuch from experienced drillers and should be slew to
criticize the mothods omployoed by them.

SLovepilpe Letitods - 0n thu ba
acthods wiherc noteris
matorisl I8 reloved

E lq'bhuua WOaera

(5 i
o

L of rock foruations benuvath the drift. In order to wake

any kind of a geological map, esuecially of horizontal sediacats, it is
necessury to scudy the thicknoss of the drift. The mothods of mapping

tho Led rock topogrephy have beun givon above. RHueh ianforaation can bo
obtaincd froa studics of the composition of the drift providing that thero
arv couga rock outerous to unable the source of thoe stoues $o be fixed
with fair .gur;cy. Cary aust Le token to considor only stoncs fron Gilg
unwonthorod surtion of the drift as otherwiso tho norc solulble varictics
ey bo absont. -
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FISLD LETHODS

Introductian. Glacial "Udl@glCul work may be &lVlduJ into (a)
ruCOﬂﬂleunCu, {b) detailed mapping, and (¢) cconowic work. The first
may be subdivided ianto (a) mapping of glacial geology alone, and (b)
glacial mapping incidcatal to other work, MOnb of tho glacial work in
Smerica has been of tae last named typo. 'Th“ published maps cre in many
cescs either very much generalized or aro merc sketches which do not
show anything bui drifts of diffcrent stages.

Map units. Detailcd maps should show (a) terminal dnd roccessional
moraines, bunur“lTJ including kames and icc-margin dolias, (b) ground-
moraine, (c¢) drumlins, (4) ouiwash, (3) torraces, (f) oskors, (g) areas
of bere rock, (i) other rock cxposures, (i) sand, gravel, nu clay pits,

(j) lake doposits inciuding doltas not at ice margin, (x) andoned drainage
lines of glacial waters, (l) boaches, bars, and othur shore lino features,
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(m) postglacial stromm doposits, (n) maréh doposits, (o) sand duacs,

(p) modo-land, (q) striac, and (r) ony otuor features of Pluisdoceno and
Rocont age. Guoerclized nops nacy omit somc of tiwsse if the scale is too
smell to pornit of showing tuem, but none whosc prossnco is wido-spread
or geologically important. If possible the mop should show contou™s cvon
if thesc are vory rougn but colors do noi permit casy reading of < ontours
g0 that a sopuratc topogrephic nop is desirable. & scalo of four miloes
to the inch is sufficicnt to show considorabic detail and even all the
reck outcerops.

Sthics of ficid work. A goologist should romember that (a) nc is
not & partisan like o lawyoer or a politicimn but is btu presont cll sidos
of o question, (b) 21l his obscrvations including ficld notes and maps
are the property of his enployer, (c) notus should be intelligiblo to
ovoryono wno is familicr with geolegical torus, (d) no feature should b
negloctod becnuse difficult vo roach, although the purposc of the work
gt be the guide to the pormissible smount of tiue given to cach fceature,
te) oxauinations should be made systematically and without regard to the
possibility of anothur visit to that spot, (f) dignity and courtesy always
pay, for if ia the¢ public scrvice the purposc of tho work must be explaindd
to all who ask, and if in private work cntry on to properiy of othor than
tho omployer is ot sufferanco of the ownor, (g).scrupuli% car¢ must be
takon not to injure growing crops and feoaccs and not o loave opon gatos,
(h) in workiag with o car stops nust hot be made on tho traveled portion
of a highwoy and whon the car is parked room must be left for twobther
cars to pass without donger, (i) he must not chasc spocial foatures but
sbsorve ond rocord all there ¢an bo found in the ard, (j) he must stick
gt tho job even if it dis difficult until the work is finishcd or called
off by thc person ian charge. : ? ong

The field map., Glacial map boundarius must always bu drawn on the
nep when in actuzl view of the geologist wnd nuver from condours or froa
notes 2lonc. The £i¢ld map must thersfore be arranged so that it can bo
ke, t clean and ecm Yo run&il?j;u usod; ueops arc. cheaper than tinc but
when narked up aust bo kopt noat. A topographic mep of not less than
1:62,500 seale mounted on cloth in eight (8) scetions is idoal. Tho nuuber
of soctioas is imporitant os it pormits-of folding so that cloth is outside
the map whatevor scetion is in usc zand yot onoc motion will opon the map
for usu; this scouns inconscquontiaol indoors but in the wind it is far
from being such. Somoe profor to cut up the mop ond paste the soctions on
pages of tho notebook; this kcops the map cleaner and roduces chance ¢f
loss but unluss a soparatc office map is uscd provenis a gencral view of
tho situation. Whorce no topographic survey has becn nade, or tho publisuud
mep is t20 inoaccurate to use, thon "whitco print"™ copius of citiner a good
county may or of tho original U. B, Land Survey on a scilkc of net less
thon a mile to on inch are tiac best substitutes. The maps of the U, 8.
Post Officc Departuent arc good but are rathor guaneralized. Not only
the boundarics of map units but ebbreviated notes on (a) rock outcrops,
(b) drift oxposurcs, (c¢) topography, (&) well records, ‘cte. should be
asatly placod on the map with the use of tho symbols ond abbroviations
given bolow. YUsc of the topographic symbols should be followoed even en
goad toepopraphic maps since fow of these arc detailod cnough to show all
of the disgnostic footures of glacial doposits. If not shown on the map
cultural foaturos should be mappod approximaiiy as thoy serve as a check
on locations.
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SY1I0LS AND i3 .U.VIATIONS USiD BY JISCONSIN
GIOLOGICAL SUIVAY

Bl 11, o 1 i A e e Topegrepnic. syubols

T Drift cxpos ~ sently undulatiag

i T3 O L i o 0 7~ rousily undulating

= Outer p of sodizontary rock, == pontdo slope with dircetion
7 Lorigontal or wiknown dipn. 2
5 _= steep slopo with dircetion
~% Quterons of sodinmoatary rock
with dir and strike AR s
B Outcerop of igavvus rock
: ~s puntlo sags wnd knobs
7 Outercp of gnoiss or schist
g\) Dpronouncot g8 and knobs
Cultural syubols

» builaing
e ~Ppitted plain
4 church -
sl marsh
§ schoul
A sand duncs
& COTIP
S spring
¥ quarry
gﬂ,pit in driit . wJarficicl dopos’is
o Woll, nun-flowing A olluvial wash
P bowildoers
- b i O b i e L 81 clay
’ : D drifd
Bowell o flevint, “in rock G gravol
- L locss
$ wull or drill hole, abondoncd il marl
P pobblus
Colors Pt peat
' S sand
buff gn groon T $ill
black oy gray
brown 1t light Soils
bluc rd rod T
dark wh white ¢l-l cloy loma
drab vyl yollow sdy-1 sandy lown
SRciaoniary Togks Inoous rocks
conlonerate ¢t chert Dt bosalt Db dicbase
dolondite gd precnsond Dr diorito Ga zoboro
lincstone qz quartzite Gn gneiss Gr grunite
rock sh shalg Gs greonstone Po porphyry
slate gs sondstone 5t schist Tr trap

wth weathercd stk sticky cal calecarcous crs coarse fno fine sft soft

atr- 42 Pisd. xb crossbodded leh leached frg frogments fer ferruginous



120

The goolo;ist nust know hic oxact location on the map ot oll tines; if

on foot ho should poce from the nooresi recognizobic poidtend if in a car
should usu tho spocdomet®ur. In the ovoaiags the mep should be carvfully
inkod with Inuia inke I nu offico mep is kept, ound this is very §c31r ablu
if more than one geologist is at work, tho date should bu transferod to
that overy ovening., “he office map is vury desircblo also becuus @ it

(a) insuruvs azciast loss of tue ficld uep, (b) comviavs the wirk n a way
noeded for jponurcl study, ond (c) can be made va tracing cloth so that
blue prints may be nade if nouded. Such o map con bo colored but colored
yoneils siould not be used for drewing boundaries. The Wisconsin Survey
usos rod for forizinnl morainc and bluu for uuuwabh bocause such colors
can bo obtained overywhure. Tho "pin prick" mothod of placing notes on
tho bock of = map is aluost inpogsible with nmounted maps; it may be uscd
with nops in a nﬂtbaok but is desiresblo only with 2 vory smhll scalo basc
nap, for otherwise it is more of ?hUlS&an than a boenofat.

The notcbovk., The usc of map notes should not replace the use of

a notecbouk; ovury impertant obscrvation should also be rocorded in the
notos and any obscrvetion worth placing on the map is iumportant. A looso-
loaf book is very desirable as it pormits the notos of difforont geolo-
giste to bu put together in proper @riur.uhuu ¢li.dinating the use of
indoxes, In arcns covercd by thc Land Survey tho townbhl is the unit
in combiniag notes. Notcs should bo dated and cerry the nomo of the
writer, not of the chiof of party. Notos musy bo connoctod with the
map by land locations whero thore are such. if thoero are no townships. aond
scetions then a syston of coordinates or of lOCtlity nuwabers" is per-
nissiblo. ¥f one of thesc systous is used,it should be so standardized
that it could be understoad even if the fLle uap snould be lost. '
Reuenber that your work is not finel but that samgday, Aﬁﬂn@S not far
distant, scmebody is going to retracc your work end will wish to find

just where you went and what you saw; your SUCLSbur w1ll judgo you by
your notcs. Locations by quarter-quartor scction or "forty" are guncrally
¢closc onough; other inforamation should be added such as distance and
diroction frowm ncarcsté town, land owncrship, rolation to roads and houscs,
for it is very cusy o got confused in noting scetion, tuvmship, and

ronge nwiburs. ‘he fraction ) vic., can glencrally be omitted and a
deseription written zs NWSE 21, 47H-1W, Notos should be full, clear, acnd
in ordinary words, Descriptions din torms of interpretation, as "od drift",
or Kensan drift" instead of weathered $ill, should be carcfully avoided
Descriptions nust be clear as to dircetions, heights, slopes, colors,
charactor of exposures, sizo of oxposurcs, cte. voery ofiori should be
nade to ve deriniteo and excet, Fountain pon or mediun hard )bnbll should
be uscd; some ink in notes at night but the habit of having SyJOPG who
may not know goology typewritoe astes should be avodided.

Well recor:ds. Following the groat Jroa“ﬁﬂ of the 90's woll records

could by obtained from zlawst cvery faruer, for drilled wells wero still

a novelty., BSince thet timce farms hovo Luunﬂug honds, ¢rilling is a comuon-
placc matter, and inforwetion nust now be obtaincd fram drillors. Tho

goclo ist must first oxplein who he is and what he wancs the information
fur. Some drillers wre afraid to ruveal trade secrots,but most of the
youager men in the businoss are keenly intorcestod in applicd geology and
if apyroached in the right way are only too glad te furnish data. If
possible, recoursc “10ulu be had o writton notes anfl the gooloygist's
notes should state if rocords are from such or f

from meuory. Until you
hove finishod psking dircet questions ovoid «nquines that can be answered
by yoes" or Mno"; tac lotter arc collod "loaling quostions®. Much infor-
petion on ownership of lands, changoes in nlstorlc times, local names of
zooerephic foaturoes, cte., con bo obtainod while sceking well rcecords but



you nust bu a good judge of human naturce wo Ju.geu as ﬁu its vmluc

In gonorul 2ll that can be found out avout wells is the depth to rock
and tho nuturu of the roue%., Casing is in many places driven into tho
rock to doyths of 15 to.2” fuvot. Informotion on dopth to water is of
valuc. Many driilers wili furnish saanles from wells in progress if
bags arclfrnishod. Jho Yisconsin Survey uses cloth mailing bogs nd
poys drillers frow’ 32.50 up for compléto sots of samples.

Instruuuvnts end $ools. Tho goologist is new generally gquippcd

with a car and suo con carry morce ¢quipnent.than foruerly., MWe can use
o) hammer with cirissl point for digging \b) noichovk, (“)hmap, (d)

goils auger up to 18 fout long iin thro“ f)ot scetions,. (o) compass, (f
aneroid baronctor, (i) hond level or if working on Leaches an cnginecr s
lovel and rod or ir:nsit and rod, (h) lonz hundloed shovel, (i) crow har,
() pick, (k) broor or spongs for cloaning striaa, (1) fiocld glass to
oxamino distant cuts to scc if worth a visit, (u) hydrochloric acid in
rubboer corkud buttle, (a) eazmers, (o) trivod, and (p) vxposure moter.
Yt thesc the first threc and generally alse tho compass cannot be disponsod
with,

Conelusion. whilc the above suggestions con bu varied soncwhat
1 accordencc with tnu tine available for the work it will be found that
n tne long run it tokos leoss time to do things. right $han to do- a sloppy
job in tho fi¢ld end then cither guoss at what was hOt recordaod or have.
%0 go back again., idconcmic wurk is very “nuLnSLVJbut is confined to
rather limited arcas, Roconnaiszmce work will generally require the ouissio:
of visits tu inaccesible points where the probability of finding anything
is remote. It is vital to got over all roads on-account of the cuttings
but railruad cuts orc now n‘*rly all tuc heovily grass covercd to be
of any wvilue. In judging tho work of older goologists roucuour that
thoy had riilrsad cuts but only = fow shallow road cuts. Work in unsettlsc
country is voery difficult en weccount of thc lack of cuts. Tno goologlst
should not be efraid to dig but muSu fill 211 pits when through and louvk
out for slides in sand. The day's work snould be plenncud %o eliuinate
backtracking: as far as ;ossiolu.' vome problens aroe insolu ble at proesont
but you shoull nat be ashancd tu adumit it; rewmombor that pood doscrip-
tiwmns of facts cro wurth more than unsupyorted theorics. No faet should

bo nogleetod bécauso you cannot explain it at tho tine.
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