THE ICE AGE IN NORTH AMERICA.

Lectures before the Lowell Institute, Boston, 15857.
By G. Frederick Wright.

L.
SYLLABUS.

INTRODUCTION. S16NS OF GLACIAL AcTION. EXTENT AND DEPTH
oF THE CONTINENTAL IcE-SHEET.

1. IntrODUCTION.—Grandeur of the glacial theory. Pre-emi-
nence of the North American field. Summary of facts concerning
existing and former glaciers in other parts of the world; those
radiating from the Scandipavian centre. Recent discoveries by
Professor Lewis in England. Relation of icebergs to existing gla-
clers. Observations of Captain Cook. Facts collected by the Board
of Trade in England. Former extent of the Alpine glaciers.

2. General survey of the glaciated region in North America.

3. Signs of glaciation. The known nature of ice upon which
inferences can be based. The action of water and ice differenti-
ated: (1) Glacial groovings and scratches; (2) Immediate glacial
deposits unstratified; (3) The contour of the glacial boundary is
both serrate and crenafe: thehypothesis of floating ice elimina‘ed:
() By the fact that there ave no barriers at the south to limit the
extension of the so-called glacial deposit; (b) By the fact that in
the same latitude and in adjoining localities the southern bound-
ary of the glacial depcsits forms an approximately straight line
over hills and valleys.

4. The depth of the ice: direct proof that it was a mile deep in
New England and more than halt a mile in the Mohawk valley;
indirvect proof that it was equally deep all over the region of the
Great Lakes. Difficulty of mathematical calculations. ‘The vis-
cosity of ice undetermined. Observations upon its movement
in great masses give unexpected results.

CONCLUSION,

The study of the glacial period in North America invites our
attention for a variety of reasons:

1. It brings before the mind’s eye a most flexible and majestic
geological force in the height of its activity. ‘Great as is the ex-
tension at the present time of the polar ice over the little known
Antarctic continent, and vast asis the field over which the glacial
torces in past time operated in Europe, these displays of ice-action
dwindle into comparative insignificance when set alongside the
extension of glacial ice during the height of the period in North
America. During this age 1t was one continuous ice-sheet from



the North Pole to latitude 38° in Southern Illinois, a distance of
more than 3,600 miles; but the Scandinavian glacier never extend-
ed as far south as the 50th degree of latitude. The width of the
great ice-sheet in North America along the northern houndary
of the United States was scarcely less than 5,000 miles, extending
from the 50th meridian to the 130th.

2. The study of the subject is also of special interest hecause
of the ease with which it can be conducted. Over the whole of
British America and the northern part of the United States the
marks of the glacial period are everywhere vigible. The active
forces of that fLm -distant period still speak to us in the terraces of
every river valley, in the granitic boulders that dot the fertile
agricultural regions, in the vast piles of debris which constitute
the terminal moraines, in every railroad-cutting and river bhank
which exposes the unassorted material of the vast ground mo-
raine, and in the innumerable scralchings and groovings which
are revealed almost everywhere upon the northern slopes of re-
cently uncovered rocky surfaces.

3. The subject is of interest, also, because of its practical
character. It will be seen that the chief centre of the agricultu-
.ral, industrial, political, and moral forces which are to determine

he future of this continent is within the glaciated region, and
that it is not there by accident, but by virtue of the bheneficent
activity of the great North American ice-sheet. Alike the fertile

prairies of the Mississippi valley, the extensive wheat-fields of the.

Red River region, the highways to the interior opened up by the
Great Lakes, and the innumerable waterfalls which have given
the Northern States their pre-eminence in manufacturing in-
dustries, are all the divect heritage of the glacial period.

4. The study of the glacial deposits is likewise necessary to
the protection of the health and safety of the population dWeHlllO‘
within the glaciated area. No man can properly dig a well,
buy a farm, or choose a place of residence where d; rainage and
freedom from malaria ave of first importance, or spend his noney
in boring for gas or oil, or trust his life in a coal-mine, without
paying tribute to the science of glaciology.

5. Nor, finally, should we omit to mention the interest at-
taching to this subject from its relation’to the antiquity of man,
since there can be little doubt that man appeared in the wo‘ld
before the close of the ice age. Therefore the study af the
glacial period passes out of the field of geologyinto th;
and the archaeologist and historian must hencefo
veckon with the glacialist.
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THE ICE AGE IN NORTH AMERICA

Lectures before the Lowell Institute, Boston, 18S7.
By (. Frederick: Wright.
IT.
SYLLABTUS.

GrLAcIAL EROSION AND TRANSPORTATION,

1. Erosive action of ice compared with that ¢f rariing water;
water has acted through a longer time. Enumeration of river
gorges. Chemical action of water.

2. Intensity of the erosive action of ice. Methods by which
earthy material is incorporated into and transported by a glacier.
Formation of lateral, medial, and terminal moraines. The action
of a glacier on the bottom, not like a plough, but like a drag.
The ground moraine as solid as the ice itself. The erosion less
intense near the margin of the glacier; greatest in its central por-
tions.

3. More detailed statement of facts. The size of boulders.
The distance to which and direction in which bhoulders have been
transported; Plymouth Rock: Judge’s Cave near New Haven;
trains of boulders in Richmond, Mass.; houlders in Northern
New Jersey; upon the summits of the Appalachians in Northern
Pennsylvania; in Southern Ohio; in Northern Kentucky; in
Southern Indiana and Illinois. The tendency of boulders to rise
in the ice.

4. Retreat of the forests before the advancing ice-sheet.

5. Transportation by subglacial streams; estimates of the ex-
tent of this in Switzerland; from the Jakobshavn glacier in
Greenland; from the Muir glacier in Alaska.

6. Depth of the glacial deposits over New England, Penn-
sylvania, and Ohio. Proofs that these deposits are chiefly of me-
chanical origin. -

Attempts to measure glacial erosion directly: by Professor
Shaler in New England; Professor Lewis in Pennsylvania; Pro-
fessor Newberry and myself in Northwestern Ohio. The compli-
cations of the question.

CONCLUSION.

1. Like everything else connected with the action of such a com-
plicated cause as that brought into view in the production of gla-
cial phenomena, the exact extent of its erosive and transporting
power is difficult to determine. The action of ice over the gla-
ciated region took place after other forces had been in full opera-
tion during long ages; and hence it is difficult to separate the ef-
fects of the second cause from those of the first.



2. There can be no doubt that running water is by
efficient of all eroding agencies which have given shape to the
contour of the continents. Water acts both as a solvent and as a
mechanical agency. Extensive regions have been undermined
and lowered through the remova] by water of the soluble salts.
Such has perhaps been the origin of many of the valleys of
the Appalachian region and of some of the great lakes of the
world.  Running water is also a most effective mechanical agency,
continually acting along the natural lines of drainage. The sand
and gravel rolled along over the hottom of a rapid stream of
water act like a rasp or a saw, and have everywhere worp deep
narrow channels across the slowly rising mountain chains. Water
as an eroding agency has had a great advantage over ice in the
far greater length of time during which it has been in the field
to operate.

3. Still, ice has had no small part in transforming the appearance
of the portions of the world to which it has had access, Of this

- the evidence is abundant in the great number and size of the
boulders scattered over the glaciated region. Boulders hundreds

~ of miles from their native ledges and weighing hundy
thousands of tons

are frequently encoy ntered.
4. But as ice is only froz:n water,

transportation. The finely
derneath the ice is 1

far the most

eds and even

1ts melting torrents aid in the
comminuted materia] ground up un-
argely carried away by the torrential sub-
glacial streams continually pouring out from the ice-front, It is
doubtful if the larger part of the glacial grist is not thus trans.
ported far beyond the limit of the glaciated region.

5. Still, theextent of the glacial deposits yet remaining over the
southern portion of the glaciated region is immense. Probably
not less than 1,000,000 square mjles of territory in North Amer-
lca is covered with an average depth of fifty feet of glacial debris,
forming the most permanently productive portion of the conti-
nent. It is iu the extent of these glacial deposits, and in the cer-
tainly great amount of transportation by subglacial streams, that
we have our most certain and impressive evideuce of the enop-
mous erosive activity during the glacial age.
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THE ICE AGE IN NORTH AMERICA.

Lectures before the Lowell Institute, Boston, 18S7.
By G. Frederick: Wright.

II1.
SYLLABUS.

Tae TERMINAL MORAINES.

1. The confluent character of fehe grgat ice-shegt. The ungla-
ciated area of Wisconsin. Moraines ot.retroc.essio?, P

9. Factors determining the amount of termmn] ,( Gp.Oa‘.l;. .Weil_
tent to which the moraines have been removed by erosive ag
Cleg- Detailed account. The momin.e n ~Ehe Gulf of Mnllnew;nsiut‘h
of New England; on Long tIsinn;l ;&n.S l\};t““t .Tei%‘j;i'leallllglezuihe;lll‘

sy T ‘haracteristics of this part. - S;

lfjcflnli:\tl](‘;lm1111111232’?3(1 The 11101'331_1@ .J'nde};endent of loc;l COI}L-
tours of elevations. Its characteristics in V\ est&?rn Pﬁg‘nr;} vania;
in Ohio, Indiana, Illinois, Dakota, an'd 1731'1t13h)601m.13 )1‘}."\7. )

4. Moraines of retrocession. r:[‘h() “Kettle Range ;»t .,;bwn(i
sin and the Northwest; moraines between thg “, zL]‘){?}. tz}u :
Maumee rivers in Ohio. The lobate _clmmct?r of t,he ,,le reating
ice-margin. The question of successive glacial pf‘l‘lOd;. jepnln

5. The lenticular hills of New Euglm.ld_ and New \01“\-, eir
structure, distribution, and probable origin. Local moraines in
the White, Rocky, and Cascade mountains,

CONCLUSION. .

1. Theice age of North America doubtless began in loc.al glllblelg
which subsequently became confluent over the whole glacmtiu tu ea,
and it is evident that the currents of 1ce-movement/ at art 1[1.1eb
felt the direct influence of these lo_cul subcentres. ;}.11‘ ?}e?bi:;e
region in Southwestern Wisconsin was neve;- '({;0(\ eg&cﬂiinded,
though the glaciers became confluent gouth of 1 Eu‘t ‘fvthy‘e
onwards a distance of two hgndred unles._ The e ]??t 0.1 “ "Lb
subcentres of glacial radiation is tp be seen 1in the»lo m‘e c 1‘&‘11?0(;
ter of the terminal moraine, which naturally “id‘?‘ 1n01§ m{u tle1
during the intermediate stages both of tl.le advance and _ e
retreat than at the time of maximum extensmn.. ‘ . 1

9. The term terminal moraine is somewhat lIllSleaLdlllg, since the
amount of terminal deposit is lﬂ.(ely. to vary so 111_uch n a.mou.nt
in different places. Where the ice is for a long time .St‘dtlcl)}.laly’
and in front of regions where the‘ rocks are more easily dlbl.llt(.%:
grated or more accessible to the ice-streams th.zm el,:sewhere, it 1s
evident that unusually large terminal deposits will take place;



ivhile, over regions where the lce
regularly, the deposits woulg be mor
margin of terminal frontage.

both advanced and retreated
e equably spread over a wide
This probably accounts for the
lack of grear ridges of terminal deposits in the interior States
such as are to be found iy Southern New England. The total
amount of deposit is as great in the interior as near the coast,
but it is spread over a widep areq,
3. The “kettle moraines”
capable of two diverse iuterpretationg_

and others they are takep 3 Moraines of a second glacial epoch
during which the ice extended pnq farther south in that region.

For myselt T am 1ot convineeq that the evidence for g complete
separation of glagiq] epochs is magde oyt n this country, whatever
may have been tyye in Burope,

4. But at any rate the separate liy
I believe, the lenticulay hills of Ne
abundant ahoyt Boston, indicate t
ties hoth ip the advance
glacial perioq, From g combinatioy of can
be explained there were periods of o
the ice, mbercalatag with lone
The glacialist Possesses tho
complicated

of Wisconsin and the Northwest are

By Professor Chamberlin

1es of terming] moraines, and, as
w England, which are specially
hat there

were great irregulari-
and in the retreat

of the ice during the
ses which cannot yet
apid advance and retreat of
Periods of established equilibrium.

1€ great advant

age of having a most
iblicated canse at. hand ¢, account for hig phenomena. But
while this enables hipy to

account for eye

ents him £ : rything, it as well pres
vents him rom b.elng overconfidapt 1, any special solution he
may present of minute probjemg

5. In the study of t]e Moraineg, lenticy]
Posits of the 8reat ice g4

ar hills, ang ground de-

Americy, we have abundant

e North
p o
testimony that the o ater

e e ateria) underne

2 arthy
Somewhat afpor the ]

: ath the ice moved
a3 by an irregiarpr. 7 Of the ieq 1tself, and was ot shoved along
S DY an irresigtip)e PUshing fopqq. It was rathey

and the whole m ke

Ovemeang g, W

d

dragged along,
X wds tle MArgin wasg ot . sale
08y of the Movement of ¢, i g was after the ¢
formation of ] 1€ breakerg o the shelving shore. The

i 1ceberog o1 ) ‘
come dowy, t, t“ )ngaf ab the bresent tipge wherever olaciers
over intg g, n{: Sef(’l’ ! listrates this movenmeny, Theiceis pushed
ater from th e £15 |

the glaciey i S vos leaving the channel in front of
the steam

rof ice ¢ the hott,, ! ain of
T in Glasgey B tom. Ty j aly last the captain o

ew
cleg

. . S A LIS 9 . & t
Within twe+ s 2 S0unded fyop, the how of his boa

‘nnltg en’ty‘ﬁ.ct of the front of ¢p, Mg alivger and Sod
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by thus proy;
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g that the face is
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IV.
SYLLABUS.
GrACIAL DRAINAGE.

o b e
reglacial time. Ko
ial time much shorter than pllegl \C i
: Post-olacia 1me | ; -y g
e it o -osion. enormous. The sedin W e
Pt o et ’1 deposition. The effects o rp} 001 :
TR q g . 5 L .
L 1ac f erosion an . b 4 = ‘
the result o verywhere outside the %}d(ﬁh{fled tho MR
AR ~ ev > R r enot S er
erosion seen vy B . Lot
e Tohawk, the Susq
an example of p Dﬂples'iu the Hudson, the l\lu.h1 1x'm.wp Eime
the Miss : S reglacial drainage
trough. Oth i - g
: ssissippi rive
and the Mississipp
hanna and th | ' f
» ' ler, ch: o the lines o
e 1£, as a temporary harrier, dmlng'mla ol
< N . 3 Se as ¢ 9 Y : s ‘
2. The 1ce,It M%gsissippi River dunng.‘rhe lg e 1[{“,61. A
s }’le and its connection with the Re
i sota River S
Minnesota R .
S lose of the gl
North. . orraces to the floods at the clos . Al
The relation of terraces e
Q ne reia , Svars His : g .
3. ces confined to rive gin’ el
i =g erraces con ‘ o v bapenss
it ’fm((l universality of terraces w1t}:1utl i juﬁction i
. n 1 « ot R l
A bXtht':ulfLrs concerning the terraces a Nt b
e PH} = 1Lthe Ohio River, in Pennsylvania.
Be: reek and , ASpl
aver Creek a g s i -

Beav £ terraces from certain othe iR LR
e (1) definition; (2) descriptior .l s R
I Kaines: i e |
9 —l&“ifl lL16% and terminal moraines. lxet§ ekt
Rt e nner in which kames are for me(t.. Fk bt

> manne 1 L v .
Fie Ths 1s of New England. The connec S e
¥ 1 ‘eg jAN: S .
e P en'l lains of the glaciated 1(gmn_.t. : th,e k<l
sandy p : T ;
sl e " the minor irreguls e
' R 1 lope toward the
. ndependent t Pl e ‘
extent, 1 . [nstances in w ‘ e
' Lo se facts on the theory
s thejI; is’s explanation of these facts
1 B ; Lewis’s exp 2
ice-front; ‘ | | ki
itsofsiy T ‘ Jonnecticut to
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g T orary i - My il el .
ki s iy [. H. L LpRe . :
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eroded va ‘
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. cipitation of many thous

which the eroding agencies have been at work. The post-glacial
gorge of Niagara is but seyey, miles long, whereas the preglacial
gorge of Ohio is both wider and deeper than that, and is more
than a thousand miles long.

2. Tt is easy to see that all the nortp

preglacial drainage would he danvmed up by ice g uring the greater
part of the glacial period, Of this as reality there ig abundant
evidence. Al the streams which pise within the glaciated region
and flow to the southward were compelled to carry away not only
the annual precipitation, but, during the closing stages of the
period, they were gorged with the waters of the accumulated pre-
ands of years, [f the annual spring
freshets of these streams are oftentimes terrific, what must have
been the spring freshets ip the glacial period itself?
3. Into the Mississippi also Wwere poured in addj
waters which now flow down the St. 1,
son’s Bay. Lake Hyie emptie
River, and Lake Michig
gion drained by the Red
Columbia had their out)
Lake, into the Minne
The terraces of the ¢l
glacial floods, anq can be stuq
ciated area,
4. Besides the glaci
the so-called “kame Systems™ stj)
tence of tempomry lines of gy

! 4 by ice-barriers
during the continuance of the glacial periog New Encland is

e fiey ) 3 (=l :
gridironed by a system of graye] ridges deposited by glacial
streams to g great extent ndependent of the minor features in
the present topogmphy.

7 10 these ang iy the terminal moraines
we study the skeleton of the Continents] lce-sheet as inte“igently

as the anatomist can study the skeleton of dissected animal,

erly flowing streams of

tion the surplus
awrence, and into Hud-

d its waters through the W,

abash
an down the Illinois; whyle the great re-

and other piyeps of Manitohs, and British
et through Lake Traverse anq Big Stone
so.ta, and thence into the lower Mississippi.
aclated reg 1€ direct resylts of these

glon are t]
led on Cvery stream within the gla-

al terraces of our Present stye
I further eviden
anage determipeq

ams, we have in
ce of the exis-
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V.
SYLLABUS.
3 TAL WATERFALLS.
G Daxs. Gracran LAKES, AND (rLACI
LACIAL Daxs, GLA

L. . sial dams: (1st) Those 1)1"”]_”(‘).(361_by

1. The two ‘T.mletf]es (;:'a?iZLSLLEBl‘IﬂI- ((21‘1) o C‘Ol-lsﬁjglilsigdg({
irregular deposits O] fnthe ice itself. The first clais, ?:)lsures of
barl‘iel‘; Il))resel’ltteilo)%'}iﬂ"' up old watercourses; (2) Enclos
intO ((( eposits CLOS cﬂ W af-
the nature of kettl(fjh-f)elt(:lof basins of the kettle‘lfolef UPIE"m};‘i{gl

2. Number and “uld ‘and TIreland; small lak<§ i -aines; the
bogs of New Ellgl-“n Oj_;lal'eq marking kames and moraines;
ains -

o sota, and Dalkota,
- Mass.: c¢h : o Minnesota, an

county, Mass.; in Wisconsin,

lakes m

system of small
foreseen by M.r. o
3. Obstruction of r fowen
the production of1 \\futfuf:ll:;lcy
iated region; their tre Y |
glacar o jated region. ol dams: (1) Winni-
below them in the ggaclilr permanent glacial d‘(m]l_j{,,ei )Of g
4. Lﬁkes( >§n'(8§uile;wq}uu and other smaller lak
] L ¢ 1.d I3 .
York; (3) Lake B p i -ecession of the ice-
York; (3) Lake lﬁll?' ice-dams during the I;ef;;;cm e
5, Lakes caused 1Jy1-omds of Glen Roy. | ,.Olblt;()f' S
sheet. The pamllé and Erie. These, the mfatthe {82 Loy
around lakes Out;lllllc? ‘Of the Mohawk. zmdfothe S Y
rier across t_lle va el} oreab wheab 1-eg1013. of B
Lake Agassiz andlt 1e % the Ohio at (,u:cmd(e{fects b
am et il oL it; su)
il (' IinJ it supposed he]ghl l; Professor White in
o contqem(’faits SRR f(;)Lmt(h 1y tributaries of the
mation T i
posed confirma Monongahela an i
¥ o sty in s evidence. ‘
the terraces of th[eu_e of uncertainty 1n a'u(.: E(,,) s
upper Ohio; meﬁs‘ \pporting the theory: e
7. Crucial facts _SLNIhl'C;-eek, Pike counfi).q Ugon Bas (o) Highe
Baker's Fork of] Blfuépm’tiers Creek, Was 1111:,0!1 {he L R
bles at the head ,1(? cial material ab ]?vellevtlylet,‘lble i Mgl
level terrace of gla ) Freshness of the Ve:,e] 5 e Sl e
near Pittsburgh; ! (Cthe upper Monongahe a:\jV LVq ; (f) Fresh-
e terraQe m\ralley, in Patnam couﬂf%’Riv.er an’d their con-
W. Va.; (e) Tealfei s o Tho Big Suidy
] e
ness of the hig

sed dam.
. height with that of the supposed
formity in heig

“observation. .
: in advance of obs : )
gy L'0{1 channels by glacial depoblt: and
ity —Uﬁence of waterfalls in the un-
. s o the 'ges
and the shortness of the gorg




CONCLUSION.

1. The effect of the permanent ch anges produced by the moraine
deposits of the glacial period are multifarious and beneficial in
the extreme. To permanent glacial dams we are indebted for
nearly all the waterfalls which add so much beauty to the natural
scenery, and furnish power for so many manufacturing industries.
The grandeur of Niagara is not diminished by the fact that Lake
Brie is a glacial mill-pond. The Jakes of New England, Central
New York, and of Wisconsin, Minnesota, and Dakota lose none
of their charm to the scientific man because they are now known
to be nothing but glacial “kettle-holes.” Tt is rather the case
that the lakes of strange name in the State of Maine, together
with the mwuch- frequented shores of Winnipiseogee, Chautanqua,
and Minnetonka, should have an added interest, since we know
how they were made.

2. Much interest is added, also, to the Great Lakes, now that we
understand the significance of the sandy and gravelly ridges which
surround them at ievels of from one hundred to two hundred feet
above their present surfaces, With the mind’s eye the glacialist
sees 1n these lake ridges indabitable evidence of a former vast ex-
panse of water twice as large as that now occupied by lakes Erie
and Ontario, and held up to the level of the low places in the
water-parting hetween it and the Ohio, by a lingering mass of ice
sent down from the subglacial centre of the Adirondacks to ob-
struct for a time the valley of the Mohawl:.

3. Likewise the glacialist travelling over the great wheat region
of the Northwest, with the mind's eye sees, even from the car win-
dows, the restless waves of Lake Agassiz held in place by the
slowly retreating ice-barrier to the north, and co vering an expanse
of territory larger than the largest of the present Great Lalkes.
The inhabitants of that region have abundant re
kind Providence which ordered the moveme
period, '

4. Of less practical advant

ason to bless the
nts of the glacial

age, but of even more theoretical in-
terest is the study of the supposed ice-dam at Cincinnati, The Ohio
is still the most remarkable of all the rivers of the world for the
extent and suddenness of its fluctnations in volume;

; at one time
being so shallow that in places a child can ford it, while at other
times it is o raging flood

;amile in width and seventy feet in
depth. But during the time when the ice of the glacial period
reached its most southern point of extension, the Ohio above
Cincinnati was o slack-water stream 600 feet in depth, so that a

ship could sail 300 feet above the site of Pittsburgh.
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VI.
SYLLABUS.
Tug CAUSE OF THE (GLACIAL PERIOD.

g A1T1011 ()f f(l‘O] able COIldlthllb lleCeSDLL]S I()] ille
1 Ihe COIllblll( t

1 )
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THE ICE AGE IN NORTH AMERICA.
Lectures before the Lowell Institute, Boston, 1887,
By G. Fredericl: Wright.

VIL
SYLLABUS.

DATE OF THE GLACIAL PEeriop.

THE
etical considerations: Croll's

1. Recent undue reliance upon theor
theory an unsafe guide; Lyell’s principle of uniformity mislead-
ing; tendency to diminish the estimates of geological time; Dar-
winism interested in shortening glacial chronology; importance
of collecting terrestrial evidence-

9. Man in America before the ¢
Dr. Abbott's discoveries in Trenton, N. J.; (2) Similar and re-

My own investigations as

cent discoveries in Southern Ohio; (3) '
ew Jersey and Ohio; (4)

aisin N
to the age of the gravel deposits in N ~and
liscoveries to those investigations.

Relation of subsequent d .

3. Sources from which light may be expected upon glac:lal chro-
nology: (1) Amount of subsequent erosion: (@) 111 the ngam
River; (b) In the Mississippi  River be[ow Ml.nuea[l)ollsj (¢)
Streams in Northern Ohio; (d) Post-glacial gorge‘m Pu,llilt (;re.ek,
Ross county, O; (¢) In the valley of Raccoon (J%'e_ek, Gl_‘anvllle,
0.; () Plum Creek, Oberlin; (2) The degree of integrity and
_freshness characterizing the kames and moraines of the glacial
period: (3) The limited extent to .which olacial lakes 'aufi kettle-
holes have been filled with sediment: («) Lake Michigan; (b)

o P reshness of organic remains
Pomp’s Pond, Andover, Mass.; (4) Fresto - (b I_J Central and
in glacial deposits: (a) In Southern Ohios (b) In Central an

: o in Western Virginia contem-
Southern Indiana; (¢) In terraces i ®

poraneous with the Cincinnatl ice-dam.
CONCLUSION. -~ ‘
1. The Listorical pertinency and importance of glilcllall investi-
gati ther vindication For many years 1t has been
gation need no further ¥y T
e before thie ‘elose 01 the giatia
known that man was 11 Europe .
period. A 1A 1878 Dr. C . Abbott began to discover pal-
eriod. As early as 3 Dr. L. Ve =220 A
aeolitic implements in the gravel deposits ne&lluhlsr hf)mel,‘ on t-lhe
Delaware River, in Trenton, &X- Similar discoveries nave a )
] : : ] v ar ot v v,
been made by Miss Babbitt: in Minnesoba, and very recently by
[e - | 1 ) ? ‘r J
Dr. Motz and Professor putnam in the valley of the Little Miami
‘ ez and { S 3 i x ¢ ‘
in Southern Ohio. These discoveries have given new significance

to all subsequent glacial investigations 11 this country. And it is
= consideration, that America presents

% . " t" ¥ .
ilitedil;‘té élc)(s)l?bcl)‘e ni]iill](lle?o: the determination of the date of the
st poss

lose of the glacial period: (1)

E—



glacial epoch. In the length of its terminal moraine -in the
number of its post-glacial gorges, in the variety of iés glacial
lakes, Awmerica offers unrivalled opportunities for the collaection
of terrestrial facts bearing on glacial chronology.

2. I. confe.ss that the chronological and histvoricnl bearing of
these Investigations are what have given them their chief at;rae-
t1ons't0 me. [ am not aware that I have any theological hias
My interest as a Darwinian is as likely to hias me in ?3;1;101' OEL
short glacial chronology as my reverence for the Bible, for T d;
not believe that the Bible is committed to any pnrticul;r scheme

- of chronology. At any rate, it is important for the truth that

‘the chronology drawn from astronomical theories should be sub-
jected tq every possible mode of verification derived fy
observation of terrestrial facts,
3 rpaatic anta o " 5
E : Thi teug;tual facts bllought to light and clearly bearing on
1e question of the date of the glacial era are mucl e n
erous than they have heretofors o Ll
ney have heretofore been supposed to he. Scarcely

more than a beginning has heen made In their collection and in
] [e e
have gone, the nvestigation has

terpretation; but as far as we
been most interesting a 1
eresting and sugcestive. [or
‘ : gges - Hor the most par 3

cen U ‘ ; : s rt t]

facts imply a later date for the glacial period th: kit g
g 1 A than the current as-

so far they g0 to disprove

om the

tronomical theory would admit, and
that theory. it
4. The glaciated area s
: gle darea seems g vastly
457 R s ASUY newer country th: =
%}Zfleajfid{n ]I” thet glaciated region the wettel'fulls') ltlllu}lc] tﬁﬁ?r
f ¢ oo 0T i N LS ave nar
= H,;ld )swlT‘?llllo\\? I‘ectt]ec}c, the valleys and gorges are l‘mth( n m)'—
el 7. l i ver than m the unglaciated portion of the
SonmE 'fheil and kettle-holes are vet unfilled with sedi-
e ({i"i]'.ll;lo"(J](;illl )Ovvl.l t}et;sﬂlm.ve not yet to nilY oreat e;(ten’r ’10\\.‘,;,,@([
o A .L.Tv[{lltﬁ’ 1e striated rocks have resisted disi t ratior
0.8 mm.q i'“ e degree during post-glacia] times -\1111 telgm hirg
raines and kames have yetai . slaclal times, and t 3
TALLY an. S have retained theiy original fory 'tllel']gl?
sigus ot erosion.  Niagara Falls ang the Full ; ns with hittle
e S > Falls o A
can neither of them Le over 10,000 years old T St. ‘\“JFhOH.V
Ml{;higan cannot have washeq its Shioies fop ]el“"rl\’@-%' of Lake
and the smaller lakes . i i 4 E S aomuce or i
i\I -t]]b Sn]'rlll(‘] lakes and kettle-holes of New T e longer time,
Northwest cannot have existed for the ilnnul* finit ngland aud the
63 <91 o ) 4 elnite o1 s Q) =
times said to have elapsed since the alacia] er periods some
itself is scarcely long enoyol for the dhe;' IM o, il it gty
rate of chanee is no orentan SCHeVelopment of species if
;mi(;f@d}dlzre 1£s nlo greater than is 1nplied if 1'11-111#51"1()1“'h l
p: s both of the animal apq vegetuhle kin;wl(‘)(:fll(\m conl]-
= ° g vere sub-

stantially what they ar
tantially what they are nowas long 480 as the dat, oft 1 1
> A : = (ate orten assignec

to the glacial period.
Ch.'l)(.molljnt wlglile %pproxiumhe Limits are g
3l oV 3 = 2o 2 o £
paiustal?ijl}of Hn}d( ;Lcéﬂl(}'-tt:: iéml" open for an indefinite amount of
itably Sbenca as mucl t{'v ) Sy, Iical observers may now prof-
fally spe 3 L Time upon a single river vallevon d :
;;)]lclll]fti])/e (i\Z[iL limye, Spent upon the Wll:le tield b:—:-txiie(:; I(n' : Slﬂé%lt;
a map whos;sglpglil* Athﬁ th““ﬁ 18 furnished byt the m(xltl,r? 3 mi
I etarls need to he workeq oub with infinit e
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THE ICE AGE IN NORTH AMERICA.

Lectures before the Lowell Institute. Boston, 1887.
By G. Frederick Wright.

VIIIL.
SYLLABUS.
Tue ExisTING GLACIERS OF NORTH AMERICA.

1. Present condition of Greenland: investigations of Nordens-
kiold, Hayes, Kane, Whymper, Rink, Torell, and Helland; motion
of the Jacobshavn glacier compared with that of the Muir glacier,
Alaska; superglacial streams.

9. (Hlaciation of the Pacific coast; glaciers of California, Ore-
gon, Washington Territory, British Columbia, and Alaska.

3. Details of my investigations upon the Muir glacier in the
summer of 1886: (a) Situation; (b) Size: (¢) Motion; (d) Recession;
(¢) Buried forests; (/) Subglacial transportation.

CONCLUSION. '

1. The glacial age has not yet wholly departed. Ice still lingers
the year around in Tuckerman’s ravine on Mount . Washington.
Mount Shasta in California still supports vast glaciers on its
northern slope.  On mounts Hood, Rainier, and Baker the glac-
jers are of still larger dimensions on every side. In the case of
Greenland we have a continental area a third as large as Australia,
twenty times the size of Pennsylvania or Ohio, and one hundred
times that of Massachusetts, which, with the exception of a narrow
fringe along a portion of its southern and western border, is still
deeply enveloped beneath glacial ice; while in Alaska immense
olaciers come down to the sea-level in the latitude of Northern
Scotland and Southern Norway.

9. The accessibility of the Alaskan glaciers makes them objects
of special interest to investigators and summer tourists. In a sin-
gle vacation one can now be transported, without fatigue or expos-
are and in three week’s time, from Boston to the front of some of

the largest glaciers which have yet been studied, so that he can see
for himself how the streams of ice empty their huge bulk into the
sea. and hear with his own ears the booming volleys of sound
which announce the birth of an iceberg.  But any valuable
results in glacial study can only come from a more prolonged stay
than is afforded by the excursion steamer.

3. My own investigations npon the Muir glacier fully confirm
the observations of Helland as to the rapidity of motion in gla-
ciers of that size. The Muir glacier oceupies an amphitheatre es-
timated to be about thirby-tive miles in each of its diameters, thus



covering a space of about 1,200 square miles. From this amphi-
theatre, sloping down from mountains of about 10,000 feet in
height, all the surplus ice is moving towards the head of the Muir
Inlet in Glacier Bay, through an opening between the mountains
about two miles wide. Ths motion of the ice in the central
part of its channel of exit is from sixty-five to seventy feet per
day. The average daily motion of a section one mile wide where
1t breaks off into the inlet is about forty feet, with a depth of not
far from one thousand feet. Making allowance for the diminu-
tion of motion in the lower strata of the ice, it is safe to say that
150,000,000 cubic feet of ice are daily discharged during the
month of August from this single glacier. A simple calculation
will show that an inerease of ice left from the summer’s welting, of
only about two feet, would double the amount conipelled to find
egress through this narrow outlet to the sea. We should have
then at this point, doubtless, a cross-saction of ice moving at the
above rate two miles wide and fifteen hundred feet deep. With
these facts before one's eyes it is not difficalt even for the tourist
, to believe that the whole inlet, and bay, and indeed the whole not-
work of channels and straits characterizing the entire archipela-
go from Glacier Bay to Puget Sound were at one time filled with
moving ice seeking, at every opening, exit to the Pacific.

4. Of this former extension of the glaciers of Alaska and British
Columbia there is indubitable evidence in the glacial debris and
strize still preserved far up on the mountain walls of all the
fiords; while it is clear that the islands in Puget Sound are noth-
ing but a partially submerged terminal moraine, like Nantucket,
Martha's Vineyard, and the Elizabeth Islands, on the New Eng-
land coast.

5. The broad and connected study which we have been making
of the Ice Age in this continent impresses one anew with the
marvellous capacity of the human mind to interpret the course of
nature, and with the wonderful sagacity of those scientific inves-
tigators of the past generation who first broached the glacial
theory. After the foundations which Agassiz and his associates
laid, it has been easy for many hands under the guidance of his
sagacious theory to rear the stately edifice and bring it near to
completion. The work grows daily easier as g multitude of ob-
servers contribute their fresh stores of tact and lawful inference.
In matters of chronology I firmly believe that more may be ex-
pected from intelligent and prolonged study of the glacial phe-

nomena in North America than from any other of the manyv lines
of investigation from which light as to man’s an tiquity has been
expected.
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