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treat of the ice- sheet in Scotland, Sweden and Norway,
measured probably 50,000 or I00,000 years.

It is theljefore right that the Acheulian men should be
termed primitive! They had not learned how to use the
Creator’s gifts. The power of invention, ready to bestow do-
mmlon and utilization of animate and inanimate nature, lay
dormant and was s¢arcely beginning to awaken; but even. then
the men in the Somme valley were, doubtless mentally and
physmally developed far nearer to ourselves than to the mist:
covered morning and dim dawn of the earliest human diver-
gence from an ancestral anthropoid, species perhaps ten or:
twenty times more ancient.

On leaving Abbeville, our journey continued through
Boulogne, Calais, Dover, and Canterbur'jr, to London. Again
in that great city, a few days were spent in its libraries, muse-
ums, parks,‘and in’ excursions to the outlying country. Then
we embarked at Southampton, eighty days after our landing
there; arrived in New York on August 27th; and, after visit-
ing -eastern ftiends, reached home in St. Paul on September
oth, bringing emories, experience, and note-books of the
summer of 1897, long planned for and happily completed.

i

THE GREAT TERRACE OF THE COLUMBIA
AND OTHER TOPOGRAPHIC FEATURES
IN THE NEIGHBORHOOD OF LAKE
CHELAN, WASHINGTON.

By IsraEL C. Russrry, Ann Arbor, M1ch1gan

In an article by Mr. William L. Dawson, on “Glacial
phenomena in Okanogan county, Washmgton, published in
the October number of this journal, exceptions are taken to.
my measurement of the hight of the great terrace of the upper
. Columbla and to certain conclusions based on .my, recon-
noissance in central Washington in 18g2. Having made 2
second journey through the Lake Chelan region during the
past summer and obtained additional data in reference to its
surface geology, I feel that I am. qualified to reply to Mr.
Dawson’s criticisms, and to offer in return a few suggestions
in reference to his interpretations of the history of some of
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the more striking features in the topography of that most ins
teresting country.

The Great Ierrace of the Columbia. In my rgpqrt of
1892* the great gravel terrace, bordering._ the Columbia in
the neighborhood of lake Chelan and otcurring at many
localities further up the;Columbia, was briefly described and
the elevation of its surface above the river. stated to.be 709
feet. This, is an aneroid, measurement or rather the mean of
severa) such measurements, and I believed, at the time, Wag
as accurate -as the method employed could be expected..to.
yield; espemally when opportunities for rating the baromete;:
could be had only at .wide intervals. Mr. Dawson states.
positively that the great. terrace is but 300 feet above the
Columbia; whether, this is -an aneroid measurement or the
result of some more accurate method is not recorded.

During the past field season I again examined the great
terrace referred to, at various localities from the .mouth of
the Methow southward along the Columbia, to where it
terminates a few miles south of the mouth of Chelan river.
The terrace is especidlly well displayed at the mouth of the
Methow, where it forms a plateau fully a. mile-and-a-half
broad. I again measured its hight, using an aneroid in which
I had learned to place much confidence.. This measurement
was in duplicate, one set made on descending from the.
surface of the terrace to the river and the other.on returning;
the reading on the return was the same.as at the start. These
observations gave 550 to 560 feet as the hight of the surface
of the terrace above the river. On the uplands bordering the
great terrace, at the locality just referred to, there are other
terraces about 100 feet higher, but these belong in another
category and have a different history than the great terrace.
The surface of the great terrace is in several places quite.ir-
regular, on account of the settling of the material composing
it so as to form basihs, but in general slopes gently from the
bordering uplands to the broken escarpment:overlooking the.
river. This difference: where the terrace is broad amiounts to
fully 100 feet. Another measurement of the hight of the great
terrace, at a locality about five miles south of the mouth of

© *Bulletin No, 108, U. S, Geological Survey.
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the Methow, gave an elevation of 570 feet. Still other aneroid
readings on the great terrace farther down the Columbia,
without, however, descending to the river, but referring back
to the reading ‘obtained at the mouth of the Methow two days
previous, gave an elevation of 660 feet. This discrepancy of
about 100 feet, I believe to be due'mainly to changes in atmos-
pheric conditions.

The great terrace referred to above is, ‘without question, a
pottion of the same terrace visited by me in 1892, below the
mouth of Chelan river and on the left bank of the Columbia.
As previously stated, the hight above the river there gbtained
by aneroid, was 700 feet. This measure is probably some-
what too high, judging by the observations made by me this .
year, and may perhaps be 100 feet in error, but as the hight
of the terrace above the river probably increases somewhat
as one follows it down stream, I doubt if the probable error
is as much as just stated. Mr. Dawson assigns an elevation of
but 300 feet for the great terrace above the river, and the dif-
ference between our determinations is from 250 to 400 feet.
This wide discrepancy is the more surprising as the difference
between the elevation of the Columbia at the mouth of
Chelan river, and the surface of lake Chelan, as determined
by Mr. Dawson, and by myself in 1892, is the same, namely
325 feet*®

In volume one, of the reports frequently termed the
“Pacific '‘Railroad Surveys,” there 1s a paper of Professor
George Gibbs, in which the Tertace in question is referred
to as follows, (page 483):

“On leaving the Columbia to visit the Chelan lake, our
route ascended one of these terraces, rising to a height of
six hundred and forty feet in a single slope, and occupying
a recess in the hillswhich bordered it. On reaching the top,
it proved to be-the entrance of a levél valley, extending
through-the hills and emerging about one hundred and fifty
feet above the lake.” :

As correctly stated by Mr. Dawson, the great terrace of
the Columbia is a true stream terrace. It is one of a large

*Recent measurements with engineer levels, made by the Topo-
graphic Division of the U. S. Geological Survey, show that the surface
of lake Chelan is 1078 feet, and the mouth of Chelan river 670 feet above
the sea; the difference is 408 feet.
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series of similar térraces which occur along many of the rivers
of eastern Washington. There is a similar great gravel
terrace in the canyon of Snake river, another along Spokane
river, and other in the valleys of the Okanogan, Methow,
Yakima, etc. These several terraces have many features in
common, but as they have not been adequately studied, more
information concerning them is necessary before their histories
can be interpreted with confidence. All the streams referred
to, however, flow to the Columbia and converge toward the
depressed region in east-central Washington. In all cases
thus far observed, also, the terraces are conspicuous on the
upper course of the rivers where their valleys Qr canyons are
narrow, and disappear lower down the river where their
valleys become broad. For example, on following the
Columbia southward from the mouth of Chelan river, the
valley soon broadens and one looks in vain for the great
gravel terrace so conspicuous farther up stream. This
termination of the great terrace. of the Columbia when traced
down stream is one of, the reasons for believing in the former
existence of a lake in the basin-like portion of south-central
Washington. This water body was named lake Lewis by
Symons, but full and unquestionable evidence of its actual
existence can not be said to have been discovered. With
lake Lewis filling the valley of the Columbia below where
the great terrace terminates, we are enabled to give a natural
inferpretation of the great gravel deposit in the valley of the
upper Columbia. That is, the Columbia discharged into lake
Lewis, and built a delta of coarse material, being, as I am in-
clined to believe, overloaded with debris like many other
rivers in the same general region, on account of the changes
in conditions. accompanying the Glacial epoch. With the
building of the delta the river channel, up stream from it, be-
came deeply filled with gravel, and after the waters of lake
Lewis were withdrawn, the Columbia excavated its present
inner channel through the gravel, partially filling its old rock-
cut valley.

This is in outline my interpretation of the history of the
great terrace of the Columbia, but as only a portion of the
field has been studied and this in connection with recon-
noissance work, I hold my conclusions lightly and am willing
to change them if additional observations demand it.



366 The American Geologrst. December, 1885

The Methow Glacter. In the article by Mr. Dawson, re-
ferred to above, it is stated that formerly three glaciers flowed
eastward from ‘the Cascade -mountains and reached the
Columbia; these ice streams “swept down the Chelan, Methow
and Okanogan valleys, respectively.” The evidence in refer-
ence to the Chelan and Okanogan glaciers, as is well known,
fully cohfirms a portion of this statement, but, as to the
Methow glacier, I wish to say that I followed the Methow
river during my réconnoissance of last summer, from near its
source at the crest of the Cascade mountains to its junction
with the Columbia, and found abundant evidence of the
former preserige of glacial ice from the source of the river to
Winthrup. At Winthrup the river receives an important
tributary from the north, and its valley broadens. The
former 'glacier expanded in this broader portion of the valley
and’ reached some four or five miles south of Winthrup and
deposited a fine group of kames with undrained basins be-
tween, some of which still hold lakelets. From the locality
just’ mentioned to the motith of the river I failed to find any
evidence of the former presence of a glacier. The Methow
glacier according to my observations did not reach within
about 40 or 50 miles of the Columbia, and herice cannot be
appealed t0 as having any connection with the origin of the
coulée crossing the promontory on the east bank of the
"Colunibia, opposite the mouth of the Methow. I refer to.the
so called "‘glac}al channel” shown on Dawson’s instructive
diagram formirig figure one, page 206, in the article under re-
view. According to the explanation advanced by Mr. Daw-
son, the Methow glacier dammed the Columbia, and caused
the river to rise “to a hight sufficient to enable it to ‘cut across
the ‘corner, where it excdvated a deep transverse channel
sorhe 150 feet' down into the granite” The transverse channel
referred to attractéd my attention last summer, while on the
opposite or west side of the river, but I did not visit-it. Some
of its fedtures, howéver, may be better studied from a distance
than"by close inspection, as I believe will be shown by my
interptetation of it made in the field. T therefore transcribe
the following passige from my note book: “The great
terfacé océurs on ‘éach side of the Columbia and extends far .
up its course above the mouth of the Methow. Just opposite

i
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where the Methow comes in there is a bold rocky promontory,
on the plateau-like surface of which there are a few crags ris-
ing above the leyel of the great terrace. This rock mass 1s
separated from the mountains to the east by a coulée through
which the Columbia or a part of its waters once flowed. The
bottom of the coulée is below the level of the great terrace.”
The explanation of the origin of the coulée which presented
itself to me, from the facts as I saw them, is, that the river
when its channel was occupied from side to side by the gravel
deposit now represented by the great terrace, was greatly ex-
panded, bejng a broad, swift stream, and that a portion of its
current followed the now abandoned coulée, leaving the crags
on the surface of the mesa at the summit of the promontory,
as islands. Later, when the Columbia re-excavated its chan-
nel, the branching passage in solid rock was abandoned. The
river did not make the coulée, but simply modified its bottom
to some extent. The origin of the coulée need not be dis-
cussed at this time but the fact that it is older than the great
terrace is beyond doubt. This explanation meets all of the
conditions as I saw them, and is in harmony with the histories
of other. coulées, similar to the one described above, and be-
sides is independent of the Methow glacier,. which according
to nmiy observation did not come within at least forty miles
of the region under discussion.

Antwine's Coulde: On the west side of the Columbia
valley and south of the mouth of the Methow, there is a deep,
narrow channel, similar in character to the one referred to
above, but of much larger size, known as Antwine’s coulée.
As correctly stated by Dawson, Antwine’s coulée connects the
Methow valley at a locality about four miles above its mouth
with the Columbia valley, some ten miles to the south. This
deep, narrow defile is described by the author cited above as
a glaciated channel, “which the ice has hollowed out hetween
some sturdy outlying spur and its parent mountain.”

I traversed the entire length of Antwine’s coulée last
September, but failed to find any evidence to suggest that it
had once been occupied by a glacier. The narrow, steep
sided trench is crossed from side to side by alluvial cones, and
talus slopes, between which there are several undrained basins,
three of which hold lakelets. The coulée is also obstructed by
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blocks of rock which have fallen from the bordering cliffs,
but is entirely without glacial scormgs moraines or other
evidence of icé work. _

Below or south of the southern end of Antwine’s coulée,
as also stated by Dawson, there is another short coulée,
similar in character to those just considered, the course of
which in géneral,is parallel with the Columbia. The author
just referred to, states that this coulée is about a mile in length
and occupied at present by glacial debris. My study of the
coulée in question, however, failed to show that it contained
any glacial debris or that it was either produced or modified
by glacial action. I did find alluvial cones, talus slopes, fallen
blocks, etc., of the same character as those obstructing Ant-
wine’s coulée,

Knapp's Coulée: On the south side of lake Chelan, about
three miles from its eastern end, there is another coulée,
similar to those referred to above, known as Knapp’s coulée.
This is a deep narrow trench in a mountain mass that rises
from 1800 to 2500 feet above the lake’s surface, and has a
length of four or five miles. Its general course is nearly at
right angles to the trend'of the eastern portion of Chelan
valley, and at its southern end it opens out into the valley of
the Columbia. In describing this channel and discussing its
origin, Mr. Dawson states that: “It is an ice-hewn valley,
a discharge pipe of the Chelan glacier. Originally consist-
ing of two opposite valleys heading at near the same point on
the divide, it was selected by the ice as presenting the easiest
avenue of escape across the rampart; i. e., the lowest point,
and was subsequently deeply excavated by the long continued
and gradually concentrated ice-flow. To-day its superficial
features of kettle-holes and morainic banks have not been
obliterated or even noticeably modified by subsequent
changes.” |

I traversed the entire length of Knapp’s coulée last
September, and, as in the similar instances cited above, failed
to find any evidence of the work of ice; but I did find alluvial
cones, talus slopes, and fallen blocks in abundance, ‘together
with uridrained basins between the larger obstructions.

The relation of Knapp’s coulée to the valley occupied by
lake Chélan is in itself sufficient to show that the great Chelan
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glacier could not have divided so as to send a branching ice-
distributary through it. The conditions as they existed at the
northern end of the coulée during the maximum extension of
the Chelan glacier, are paralleled, I think, in every essential
particular at the present day, on the east border of Hayden
glacier, near Yakutat bay, Alaska. At the locality referred
to, a deep, narrow, transverse channel, a remnant of an ancient
stream channel, cuts across a mountain spur. This channel is
at right angles to the east border of the Hayden glacier, which
forms a wall of ice from 150 to 200 feet high across its upper
extremity but does not extend into it. A small stream, fed
by the melting ice, courses down the lateral channel, but this
is all the direct influence that the glacier has upon it. The
Chelan glacier rose about 200 feet above the lowest point in
the entrance to Knapp’s coulée, but did not enter it. The
melting of the ice very likely fed a small stream which found
its way southward down the coulée, but of this I have no good
evidence.

There are several other portions of Mr. Dawson’s inter-
pretation of the topographical history of the region drained
by the Columbia, which differ widely from the conclusions
based on my own observations, but it does not seem as if
farther discussion at this time would be profitable. It is to be
remembered that no detailed geological studies have been
carried on in the portion of the country under consideration,
at least my own work there is entirely of the nature of a
reconnoissance, and the radical differences between Mr. Daw-
son’s conclusions and my own, can, apparently, only be ad-
justed after more extended field-study.



