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ART. XXXIX.-Div,el'8ity Of the Glacial D}'ijt along its 
BoundaJ'Y,' by 'WARREN UPHAM.* 

Recency and probable B'1'evity if the (}-lacial pe'1'iod.-The 
recession of the ice-sheet at the end 'of the Glacial period in 
the northern United States and Oanada and in Great Britain 
seems to have been separated from the present day by a Post­
glacial or Recent epoch of only about 6,000 to 10,000 years, as 
made known by the observations and reasoning of N. H. 
Winchell, Gilbert, Andrews, Wright, Mackintosh, P)'estwich, 
and others. This conclusion, and the uniqueness of the Ice 
age, standing qnite alone as a strange episode of geologic his­
tory, unexampled besides in all the very long Oenozoic and 
Mesozoic eras, forbid our longer reliance upon the once gene­
rally accepted astronomic theol'y of Ot'OII, Geikie, and Ball, 
that the accumulation of the ice sheets was due to terrestrial 
conditions springing from the earth's relations to the sun dur­
ing a period of increased eccentJ'icity of the earth's orbit from 
about 240,000 years to 80,000 years ago. Dr. Oroll's theory 
supposed glacial epochs to recnr alternately in the northern 
and southern hemispheres each 2l,000 years during the astro-

* A paper presented before the Geological Society of America at the Boston 
meeting,'Dec. 29, 1893. . 
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nomic pel'iod mentioned, giving seven or eight epochs of 
glaciation and as many interglacial epochs when the ice-sheets 
were melted away; but continuous temperate conditions simi­
lar to those of the present would have prevailed during the 
past 50,000 years or more, The recency of the date mlU'king 
the close of the Ice age is inconsistent with the astronomic 
theory, But under the fruitflll incentive of that theory lIlany 
glacialists in Europe and America have interpreted their obser­
vations as establishing the recnrrence of glacial and inter­
glacial epochs which it suggested; and some who distrmt or 
reject astronomic causes fOl' the Ice age continue to hold this 
ihterpretation of the records of the glacial drift, 

Looking through the long past ages previous to the Pleisto­
cene, we come to no time affording evidences of widely ex­
tended glaciation, probably affectillg continental areas, till we 
pass back at leaet qJany million yeal'e, Only one earlier stage 
of the eart.h's changes was attended, so far as geology can tell 
us, with the envelopment of lal'ge land al'eas beneath ice­
sheets, and this was in the Permia.n period, closing the Paleo­
zoic era, It was a time of gl'eat orogenic and epeirogenic 
changes; and I think that then, as in the Pleistocene Ice age, 
the accumulation of thick sheets of land ice was due to great 
epeirogenic uplifts of those a.reas so high as to give them a 
cool climate and chiefly snowfall instead of rainfall through­
out the year, If extensive glaciation has been so ral'e, shall 
we readily believe that during the geologically very short 
Quaternary or Psychozoic era there'have been two 01' three or 
several Glacial epochs? More pl'Obably, as I think, we shall 
find all the divel'se phases of our glacial drift referable to a 
single and continuous Ice age; and the vel'y .slight changes of 
marine molluscan faunas during this age implies its excep­
tional brevity in comparison with allY of the pl'eceding periods 
recognized by geologists, 

llaTliel' and Later j)T~ft near' its boundarie8 in .the j}IiSSt8-
s'ppi basin,-'rhe admirable work of Profs, Chamberlin and 
Salisbury on the Wisconsin driftless area and farther south in 
the Mississippi basin disCl'iminates earliel', mostly thin, and 
later, thick and morainic, varieties of the drift bordel', These 
differ widely in their volume of drift, in its constituent mate­
rial, and in the times of its deposition, Along the gl'eater 
part of the boundaries of the drift on those areas, it terminates 
in an attenuated bordel', slowly thinning ont and presenting 
considerable difficulty for the recognition and mapping of its 
limits, Indeed, it is apt to occur on its outermost tracts in 
low and thin, smooth patches, more or less isolated, and these 
are thought to represent in lal'ge degree the original method 
of deposition, not being a result of subsequent erosion, These 
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drift deposits belong to the time of maximum ice advance, 
and are much earlier than the marginal moraines of thick and 
irregularly knolly and hilly drift which were accumulated 
when the ice-sheet terminated farther north. There was, how­
ever, in some districts, as Mr. Frank Leverett has found in 
Illinois, a special massing of the eal'ly dl'ift upon a belt near 
its boundary. In general the dl'ift border is attenuated, but 
occasionally its thickness in the outermost five miles attains a 
maximum of 50 feet; and several times as much drift is found 
on that belt as in the adjacent drift-bearing belt 5 to 20 miles 
farther back within the glaciated area. 

In this gl'eat region of smoothly spread early till, compris­
ing large expanses on both sices of the Mississippi River, 
there was very scanty glacial erosion of the bed rocks. An 
area of 16,500 square miles in northeastern Iowa, according to 
}lcGee, has nearly everywhere a small thickness of thc pre­
glacial residuary clay and decaying rock still remaining beneath 
the universal mantle of the drift, which is pl'incipally till, the 
product of an overriding ice-sheet. McGee further notes that 
nearly all of the bowlders and sm9.11er rock fragments of that 
till in both its lower and upper deposits, and by inference also 
its finer sandy and clayey matrix, were derived from forma­
tions lying north of the limits of Iowa. Bringing much 
drift, the ice-sheet twice advanced upon this area. Its first 
advance did not erode even so mnch as the thin preglacial 
residuary prodncts of secular rock decay and denudation, 
which are found to average about seven feet in depth on the 
adjacent Wisconsin driftless area. Between the two ice incur­
sions a forest grew on the land, and its fallen trees and peaty 
swamps were left upon many townships almost intact, as is 
known by the forest beds found in digging wells, while the 
later ice advance covered tllCm with a second sheet of till, 
which is mostly from 3 01' 5 to 10 or 20 feet thick and in some 
places is probably as Illllch as 80 feet thiclc 

The feeble eroding action of the ice-sheets depositing the 
slllooth expanses of the outer and earlier drift is remarkably 
contrasted with the vigor of el'osion displayed by the planed 
and striated rock surface of the areas enclosed by the later 
marginal mOl'aines. When the ice-sheets heaped these mo­
rainic hills it wore into its adjacent rock bed and accomplished 
much rock erosion upon all the regio:.:. of the later and uneven 
drift, which encloses lakes and lakelets, reaching northward 
from the outermost large and continuous moraine and covel'­
ing the far gl'eatel' palt of onr drift-bearing area. 

Portiol18 qf the J)1'Y~ Border former! oy Ma?'ginal jJIo­
raines qf tile Later Drift adJoiwinu tIle Wi8coli8in J)r~f~le88 
Area and ,in the ea8tern United State8.-Alollg a dist-ance of 
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about 80 miles on the east side of the driftless al'ea in Wis­
consin the magnifieently developed Kettle moraine, belonging 
to a late part of the Ice age, forms the extreme border of the 
drift. Its correlation or continuation in Minnesota, Iowa, and 
South and North Dakota, is probably the A.ltamont moraine, 
the outermost of the series of twelve approximately parallel 
successive retreatal moraines which I have explored and 
mapped, under the direction of PI'of. N. H. Winchell, for the 
Minnesota Geological Survey. Near Des Moines in central 
Iowa this Altamont or first moraine of the Minnesota series, 
there forming the southern extremity of an aI'ea of the later 
drift deposited by the Minnesota and Iowa lobe of the ice­
sheet, lies 175 miles north of the southern boundary of the 
drift in its course through Missonri and northeastern Kans3.s." 
Within the Mississippi basin the ice sheet forming the Kettle 
and Altamont moraines occupied less area by 125,000 square 
miles than was enveloped by the ice forming the earlier drift. 
But while there had been in general this great decrease in the 
extent of the ice previous to the accumulation of the onter 
large moraine, it even advanced at that time fal,ther than ever 
before upon the east side of the Wisconsin driftless area. 

In the eastern United States, the outer moraine along an 
extent of about 700 miles, from the Scioto basin in Ohio to 
Martha's Vineyard and Nantucket, stands upon the boundal'y 
Df the drift or very near it. At its tillle of lIlaximnm exten· 
sion the ice-sheet in this region generally reached a short dis­
tance, from a few miles up to twenty miles or more, beyond 
the position of the moraine. Besides this remarkable differ­
ence from the drift of the Mississippi basin, it must be con­
fessed that we cannot yet be sure that this outer moraine, at 
least eastward from the angle of the drift boundary in south­
western N ew York, is to be correlated with the Kettle and 
Altamont belt. Following a snggestion or query of Mr. 
Leverett, I incline to believe that quite as lik~l.r it may belong 
somewhere within the time of the ver'y large Fergus Falls, 
Leaf Hills, and Itasca moraines, which are the eighth, ninth 
and tenth of the series in Minnesota. 

OscillatioilS of the Boundary and C1Langes in tIle T/iid~­
ness and U1f.rrents of the Ice·sn,eet during its genel'al Recession. 
-The great contrast between the glacial retreat from north­
eastern Kansas to Des Moines and the contemporaneous 
encroachment of the ice upon the eastern side of the Wisconsin 
driftless area seems to be accounted for, in palt 01' wholly, by 
interd(3pendence of snowfall at the east with rains and ice 
nieltil1g at the west. W"hile the ice was being melted away by 
rains andsnnshine over its 125,000 square miles that had been 
uncovered south and west of central Wisconsin, the east-
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wardly moving air currents, abundantly laden with moisture 
from that region, were chilled in their fal·ther progress over 
the ice-sheet north and east of the driftless area, and there 
gave exceptionally heavy snowfalls, pel'mitting that part of 
the ice·sheet to grow thick and high, with only slight reces­
sion. At last, when there came a tell1poral'y genel'al reversal 
of the warm climate nnder which the ice·sheet had been mainly 
retreating, its halt or re-ad vance producing' the first of the 
prominent moraines carried the ice-front in ·Wisconsin forward 
upon a part of the al'ea which previously had no drift. 

During the great recession of the ice in the Mississippi basin, 
it probably withdrew much less, perhaps mostly from ten to 
thirty or forty miles, in Ohio, Pennsylvania, northern New 
Jersey, and I~ong Island, and sonth of Rhode Island and 
eastern Massachusetts. Meanwhile, as in eastern Wisconsin, it 
had grown thicker than during its time of maximum areat 

and the sudden and short climatic changes leading to the 
formation of the moraines allowed the ice in the eastern states 
to flow out again almost to its eal'liel' limit, and in some places 
even beyond it. Oonsidering how neal'ly coincident the earlier 
and later dl'ift boundaries are for this long distance from the 
Scioto River in Ohio eastwal'd, we naturally feel much relnc· 
tance against referring them to tlistinct epochs of glaciation 
separated by a long intel'glacial time, as some have supposed, 
when the ice-sheet made a long retreat to the north or was 
wholly melted as now from this continent. It seems to me 
more reasonable to appeal, as Prof. James D. Dana has re­
cently done,* to meteorological differences between the Mis­
sissippi basin and the eastel'l1 states, whereby comparatively 
long glacial retreats and re-advances could take place at the 
west while in the east the ice-border more steadily remained 
near the drift boundary. 

What shall be said, consistent with this view, concerning the 
extra-morainic drift in New .Tersey, some of which occurs 
more markedly in isolated patches than any of the early drift 
beforo noted in the Mississippi basin '1 Prof. Salisbury esti­
mates that a very long time of ordinary subaerial erosion inter­
vened between the times of deposition of the earlier and later 
drift in N ew Jersey, so that the denudation of the land had 
removed the gl'eater part of the earlier drift, leaving only its 
present patches on the extreme boundary, before the late 
moraine-producing ice a.dvance. If this is a needful explana. 
tion, it goes far towal'd establishing a longer and probably 
more complex history of the Ice age than the view taken in 
this essav. It seems to me, however, that the manner of trans­
portatio~ and deposition of· that early drift may explain its 

* This Journal, III, vol. xlvi, pp. 327-330, Nov., 1893. 
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uneven distribution. The early accumulation and advance of 
the ice to its extreme limits gave a comparatively thin ice-sheet 
with feeble erosive action on all the outer part of the drift­
bearing area. Its dt'ift there was nearly all brought from con­
siderable distances at the north and was deposited in obedience 
to the glacial currents of the mal'ginal portions of the ice­
sheet. N ow we have upon many dist'ricts of the thick later 
drift the remarkable aggregations of the till called dl'Umlins, 
which appeal' to have been amassed by convergent currents of 
the ice·sheet during its retl'eat.* Similar selective action of 
the outflowing eady ice advance close to its fal'thest limits I 
think to have amassed that outermost early till in the patches 
where it is now found, having received little change by later 
erosion. 

The well oxidized and leached condition of the early outer 
drift everywhere is easily referred to its derivation chiefly 
from the preglacial residuary clays, decaying rocks, weathered 
rock cliffs and tors, and bowlders of secular disintegl'ation. 
Again, its smoothed snrface, without the inequalities of accu­
mulation which pl'ovide basins for the myriad lakes and lake­
lets of the later drift, seems attributable to the gentle cnrrents 
of the early thin ice-sheet, in contrast with which the late 
thick ice powerfully eroded its rock bed, even close to the 
boundary, and tumultuously heaped 01' very irregularly spread 
its drift with many lake-enclosing hollows. 

Forest beds between deposits of till in northeastern Iowa, 
and in portions of other states of the Mississippi basin, testify 
of glacial recessions and re-advances, the ice-slleet probably 
recovering at some times marginal belts from 50 to 100 or 
200 miles wide of its pt'eviously lost ground. These great 
oscillations, however, need not have required a very long time, 
certainly no more than a few thousand yeal's for them all, as 
we may well learn from Prof. 1. C. Russell's ouservations of 
the drift-enveloped and fot'est-clad borders of the Malaspina 
ice-sheet between Mt. St. Elias and the ocean. 

Amid the wa verings of the retreating ice, often large chan­
nels were cut in the early drift and became covet'ed and par­
tially filled by the later drift. In southern Minnesota these 
old water-courses are recognized as far northward as the Min­
nesota river valley, considerably to the north of all our re­
corded observations of forest and peat beds enclosed in the 
till sheet, They seem to have been probably rapidly eroded 
when the altitude of the country and its slopes of descent 
from north to south were greater than now. The few thou­
sand years which al'e het'e regal'ded as the time of the fluctua-

* "Conditions of Accumulation of Drumlins," Am. Geologist, vol. X, pp, 339-
362, Dec., 1892, 
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tions of the ice-front recorded by the forest beds appeal' to be 
ample for the attendant stream channelling. 

Farther northward, along the 700 miles of length of the 
glacial lake Agassiz the retreat of the ice-sheet, with the forma­
tion of numerous large moraines, was demonstrably very rapid, 
occupying apparently no more than one thousand years.* In 
all: I believe that a duration of nve thousand years is sufficient 
to account for the records of the waning and closing stages of 
the Ice age, fwm the time of the maximum at'ea of the ice· 
sheet depositing the early drift to the time when Lake Agassiz 
was drawn off into Hudson Bay and the northern United 
States and Canada were freed from theil' glacial mantle and 
occupied by hunting and nshing tribes of the red race, who 
have abode here with many intertt'ibal wars and migrations 
dl11'ing the 5,000 years 01' mom since the departure of the ice. 
A very large part of my belief that these oscillations and im­
portant changes of the currents of the ice-sheet during its 
recession were com prised within a time geologically so short, 
comes from my studies of the shore erosion and beach accumu­
lations of Lake Agassiz, and of great changes in the relations 
of the northeastern and northwestel'll convCl'gent ice-currents 
in Minnesota during the deposition of the later drift. t These, 
I am convinced, took place fast, in a geolo~ical sense, and I 
am persuaded also that the ice oscillations and varying condi­
tions causing the di versity of the drift neal' its boundaries 
WCl'e not of great duration and are referrrble to a continuous 
and brief Ice age, not divided by interglacial epochs. 

Loess deposit/on rna£llly oont£nuous from the time of 1na;;ei­
m~(,?n ice extension to tI~e t£me of formation of tlw Moraines 
of the Latep Drift.-On the dl'ift horder in southern Illinois 
and Indiana, Prof. R. D. Salisbury finds that the deposition of 
the loef's ensued i mrnediatcly after that of the early till and 
was in part contemporaneous with the till. As soon as the 
ice-sheet retired from its fal,thest limit the glacial drift was 
covered by this' fine' silt. of the modified drift supplied by 
streams that flowed from the meltillg and retreating ice.:!: 

In the nOl"theastel"ll part of Iowa .1{r". W ,J McGee simiLlrly 
finds the loess to have been deposited while the ice-sheet that 
spread the npper portion of the ea.rly till wrrs melting away. 
The very remarkable paha of that distl'ict, which are eskers of 
loess, were accumulated while the waning ice-sheet walled 
them in on each side.§ 

* Geol. ami Nat. LIist. Smveyof Cnnada, An. Rep .. new series, vol. iv, for 
1888-'89, pp. 50, 51 K 

1" Proc. A. A. A. S., vol. xxxii, for 1883, pp. 231-234. 
:t Geo1. Survey of Arkansas, Ann. l{ep. for 1888, vol. ii, "The Geolog"y of 

Crowley's Ridg'e" (1891), pp. 228, 229. 
§ U. 8. Geo1. Survey, Eleventh An. I{ep., for IS3lJ-'OO. pp. 435~471. 
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That the later part of the loess deposition was contempo­
ritneous with the formation of the prominent Altamont mo­
raine of the later drift, I ascertained in northwestern Iowa, 
where this moraine along a distance of 75 miles, from Guthrie 
Oounty northwestward to Storm Lake, is bordered on its west 
side by an expanse of loess as high as the crests of the mo­
]'ainic hills, while its elevation above the expanse of till 'east­
ward is from 50 to 75 feet. During the time of deposition of 
this part of the loess the ice-sheet reached to the Altamont 
moraine and WIIS a barrier preventing the waters by which the 
loess was brought f!"Om flowing over the lower area of till that 
reaches thence east to the Des Moines river.* 

These observations in three widely separated regions prove 
that the loess, like the coarser portions of the modified drift 
forming sand and gravel plains, was in progress of deposition 
upon successive areas as fast as the ice-sheet supplying these 
stratified drift beds receded. Immediately after the land was 
bared by the retreat of the ice, and even while the ice itself 
occupied the adjoining land, the loess was being laid down, 
contemporaneous successively. with the earliest till on the 
southern limit" of the drift, with the till of intermediate age 
in northeastern Iowa, and with the latel' till enclosed by the 
Altamont moraine. 

Such being the well demonstrated origin of the loess and its 
relations with the earlier and later glacial drift. it seems im­
possible that the rock gorges described by Mr. Oscar H. 
Hershey upon the area of the early dl'ift in northwestern 
Illinois can have been eroded, as he snpposes! between the 
times of deposition of the dl'ift and of the loess,t Instead, I 
think that the early drift there and its closely ensuing loess so 
filled the valleys and raised the streams above the beds of the 
deep preglacial channels that iu the places noted by Mr. 
Hershey the streams were turned aside into preglacial courses 
of small tribntal'ies or across cols of plateau tracts which had 
become isolated alongside the va.lleys by the processes of ol'di­
nary land erosion and general weathering with rain, rill, and 
stream sculpture. This view brings harmony with Prof. Salis­
bury'S assignment of the loess npon the early drift region to a 
time contemporaneous with the retil'ement of the ice-sheet 
from its farthest boundaries, 

* Geo1. and Nat. Hist. Survey of Minnesota, Xintb An. Rep. for 1880, pp. 
307-314,338. 

t All!. Geologist, vol. xii, pp. 314-323, Nov., 18[1'1. 




