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BY HENRY B, xﬁnmm., PH.D.

INTRODTOTORY BTATEMERT,

In the Annual Report of the Biate Geologist of New Jersey for
1880, Professor Cook made mention of & glacial lake which existed
in the upper paert of the Passaic drainage basin during the latter
part of the Glacial epoch. The lake was stated to have covered the
area of the Great swamp, the Black meadows, the Troy meadows,
the Lee mendows, the Hatfield awamp, the Great Piece swamp and
the contignous low land. A pumber of localities, where evidence of
the lake’s existence were thought to oocur, were cited. Becaunse of
jta hydrographic position, the lake was called Passaic,* Althongh
the boundaries of the lake were not traced ont, its supposed level was
determined at a few points. On the strength of these determinations,
the ares of the lake was represented on a map sscompanying the
report referred to. The average altitude of the border of the lake
was stated to be 385 feet,

Later, Professor W. M. Davis visited the region, and ohserved
what he interpreted aa shore features at a number of points, but he
never published his observations, In his forther stadies, he encoun-
tered what seemed to him grave difficnlties in the way of the hypoth-
esis which Professor Cook had put forth.

C. C. Vermeunle,} in his description of the topography of New
Jersey, made mention of a number of gravel terraces at elevations of
about 400 feet, which showed that a lake exieted in the basin between
the Highlands and the Watchuog mountaios, He did not, howevyer,
-discuss the data further than to call attention to the terraces,

Daring the field season of 1891, Professor Rollin D, Balisbury, in

*Annnul Report of the Siate Geologist of New Jersey, 1880, pages 61-64.
1 Geological Survey of New Jemey, Vol L, Topography, pages 166-160.
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4 LAKE PASSAIC.

connection with his detailed work in mapping the surface formations,
brooght to light many new facts, readily explicable vpon the hypoth-
esis of & glacial lake, These facts were presented and disenssed by
Professor Balisbury in the Annual Report of the Btate Geologist for
1892.* The data then at hand were sufficient to demonstrate, bsyond
reasonable doabt, the existencs of Lake Passaie, but they were hardly
sufficient to afford u clear insight into its history.

Further stndy of the lake was undertaken during 1893, more
especially by the author of this paper for the purpose—1°, of gather-
ing new data ; 2°, of correlating more perfectly data already known ;
3°, of explaining certain apparent cootradictions and deficiencies; 4°,.
of working out the different stages in the lake’s history, and 5°, of
determining the possihle changes, especially deformations, which the
lake basin had undergone gince the water dieappeared from it. Two
months of field work doring the autnmmn of 1893 were given to this
work. Daring a part of this time seeistance was received from Mr..
C. F. Bproul, an experienced surveyor and topographer, by whom were-
drawn the topographical sketches of shore features accompanying this
paper, and with whose aid the heights of the varicus shore features
were determined.

All the known facta concerning the lake have already been pre-
sented and discussed in a joint paper by Professor Salisbory and the
suthor, published in the Annual Report of the Btate Geologist of
New Jersey for 1893.1 In that paper (page 226) Professor Balisbury
has indicated the share which he and the writer had in the prepara-
tion of that report, The present paper gives in somewhat briefer
form the facts concerning the lake and the conclusions derived from
them, and is published with the permission of Professor Salisbury.
For & more complete statement of a1l the details, the reader ia referred
to the joint paper mentioned above.

PRELIMINARY CONSIDERATIONE,

The trap ridges, known as the Watchung or Orange mountains, rise
in long crescentic curves three and four handred feet above the general
level of the Triassic sandstone lowland om either side of them. The
crescents are convex towards the southenst. The horoe curve towards.

* Pages 126-144.
+ Pagea 225-338.
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the northwest and oonnect with the crystalline schist or gneiss high-
Yands. The basin which is thus formed between the highlands on the
northwest and the trap ridges on the sooth, southeast, east and north-
eaat, is now drained in a very roundabout way by the Passaic river,
which finally escapes acrose the trap ridges at Little Falls and Pater-
gon. The height of the river where it crosses Becond mountain at
Little Falls is 168 feet. . '

Leaving out of account the low line of drainage along the Pompton
wiver at the north, which, when the lake existed, was closed by the
ice sheet, there in mo other hreak in the rim of the basin lower
than 331 feet. At this height there is an outlet scross the trap
mountains at Moggy Hollow, about two miles wesat of Liberty Corner,
in the sonthwestern part of the bagin. The altitude of the Great
#wamp i about 230 feet, mnd therefore about 100 feet below the
Moggy Hollow outlet, Within the basin thus inclosed, rise several
amaller trap ridges, of which Long Hill, extending from Chatham to
Basking Ridge, is the most important, The trap hills near New
Vernon (south of Morristown), Livingston, and Whitehall and one or
two hills of Trisssic conglomerste or hard shale near New Vernon rise
about two hundred feet above the surrounding lowlands. Between
Chatham and Morristown the terminal moraine forms a ridge 100 to
250 feet above its surroundings. ‘This ridge divides the topographic
basin into two parts,

Buch being the drainage and topography of this region, thera is
4 priori reason for believing that when the ice sheet blooked the ont-
let of the Pasanic at Little Falla or Paterson and filled the Pompton

. walley to the north, a lake was formed in front of the ice, in the basia

between the gneiss highlands on the northwest and the crescentic trap
ridges on the southeast, unless at that time there was a gap across the
trap ridges south of Little Falls, As will be shown later, well bor-
ings prove that there in a deep drift-filled gap acrosa the trap ridges
‘pear Bhort Hills and Millbarn, The depth of the rock bottom of
this gap renders it certain that s large part of the pre-glacial drainage
of the present Paseaic basin was acroes the trap ridges at this point,
The pre-glacial drainage of the northern part of this basin probably
eseaped by the gape at Little Fallo and Paterson. The two drainage
systema could have heen separated by no more than a low divide.

A part of the drift in the Short Hills-Millbarn gap may be first
glacial. If any considerable proportion of it is of this age, all the
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inter-glacial drainage may have escaped via Little Falls and Paterson..
If this was the case, it is possible that the drainage held its conrse
beneath the ice for a shorter or longer time after the edge of the
game had reached the Little Falls ontlet soross the trap ridge; but
it is difficult to believe that such could have been the case, after the-
ice had advenced any considerable distance beyond Little Falls, It
is well-nigh incredible that euch a snb-glacial drainage outlet could:
have persisted until the ice ocoupied the position marked by the-
terminal moraine at Moreistown and Madiecn, If the sub-glacial
ontlet did not persist, and if the drift in the Bhort Hills gap ia largely
early glacial, Lake Paseaio must have exizted long before the ieer
reached the line of the moraine.

If, on the other hand, all or by far the greater part of the drift im
the Short Hills gap is last glacial, as is quite probable, the lake would
not have been formed until the ice had closed this outlet, A smalk
lake, however, might have existed in the basin of such stream as-
flowed throngh the Little Falls gap, after the ice had closed that ont-
let. Boch s lake, if it existed, must have been shallow, as it would
have overflowed the low divide into the basin of the river, which
flowed throngh the Short Hills-Millburn gap. When the ice had
advanced to the line of the terminal moraine it must have filled the
Bhort Hills gap. It wonld seem, therefore, that Lake Passaic must.
have existed during and after the time when the ioe held this position.

Barring the ovtlets at Little Falls and Paterson, the lowest point
on the rim of the basin which enclosed the lake is the notch near
Liberty Corner, at an elevation of 331 feet. Through this notch the
lake, if # existed, must have drained.

As the glacier retreated from the position of the terminal moraine
the lake must have incressed its area by ocoupying those parts of the
basin from which the ice snccessively withdrew, until at length its
waters were able to escape either under the ice or through the gap at
Little Falls, Wkhen the recession of the ice opened the Little Falls
outlet again, the water of the lake must have fallen promptly to the
level of the catlet. If this outlet was muoch higher than now, the
lake must have continned a diminished existence until the outlet had
been cut down nearly to its present level.

If the lake existed, as above outlined, it was natorally divisible
into two parts—the extra-morsinic and the intra-morainie. The
former occupied that part of the basin lying eouthwest of Morris-
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town, Madison and Chatham, extending to Basking Ridge and Union
Village. It included the Great ewamp and the surronnding areas
below the level of the outlet at Moggy Hollow. This part of the lake
had s longer, or at any rate, A more interrupted history than the
other, and so far forth the record of its existence shonld be more dis-
tinot. The intra-morainic portion of the lake extended from the
moraine on the southwest to Boonton, Montville and Pompton Plains
on the north, to Caldwell on the east, and to Bummit on the south,
including Black meadows, Troy mesdows, Great Piece meadows and
Hatfield swamp, besides considerable areas of higher ground.

If Lake Paseaio existed, that fact onght to be capable of more or
less complete proof, Even if ita life were short, the lake must have
left sufficient record of itself to place the fact of ite existence beyond
question.

Thia record wonld be expected to consist of (a) shore features, (5)
berg depodits, (o) lacustrine deposits, {d) something of a difference
between the pre-lacustrine snrface formations within and withont the
lake area, and (¢) a difference in the nature of the till within the lake
basin and that without, These differences last mentioned may be
wery alight ; they may not be recognizable at all points, and may be
difficult of detection at most ; yet they might reasonably be expected
to exist. The presence of unmistakable shore features, even in the
sbeence of the other lines of evidence, would prove the existence of
the lake. If shore featurea were altogether aheent, all the other lines of
evidence might be inconclusive, since berg deposits, lacustrine deposits,
lacustrine-like modifications of till and of other surface formationa
may be simnlated more or less closely by other agencies, While no
one of these other lines of evidence might be conclusive, their com-
bined testimony might have preat weight, Yet if the lake had so
protracted an existence a9 to develop these various phenomena in such
gtrength as to make them available in evidence, it could hardly have
failed to develop recognizable shore featnres. The chief reliance
must be plased on shore features, The other lines of evidence may
have much corroborative interest and weight,

One of the principal conditions which control the development of
shore features and lacustrine deposits is the time element, Other
things being equal, & lake with a long life world bring about a better
development of shore features and lacrustrine deposits than ome of
briefer history. Relying on this principle, it is possible to make
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some inference concerning the length of life of an extinct lake fromm
the degree of development of its shore features,

Another factor determining the distinotness of the shore featnres
of lakes is their size, The larger the lake, the greater the sweep of
its waves, and, other things being equal, the better the development
of ita shore features,

After a lake ia drained and its shore feainres ars exposed to the
ordipary agents of snb-adcial erosion, they may soon lose their dis-
tinotnesa, If, therefore, we find wave-ont oliffs and terraces gharp and
distinet ; spits, bars, beaches, and deltes with normal profiles, and but
slightly gullied by post-lacustrine erosion, we may eafely infer that
post-lacuetrine time has heen ghort and that the lake waa drained but
recontly. If, on the contrary, the shore features are indistinet, and if
this indistinctnesa can be shown to ba due not to lack of original de-
velopment but to subeequent destruction, we must conelode that post-
lacustrine time has been long.

If the history of an extinot lake was 8 complicated one, involving
various stages doring which the water stood at different levels, shore
features may be preserved at varions altitudes, From the natore and
relations of these varions seta of shore features, something of the
history of the lake may be read. Under favorable conditions, the
record of the events of & lake's life may be very complete. If shore
features were distinotly developed at the sucoessive levels of a lake, if
they are well preserved, and if their relationship to each other is
clearly and uneqnivocally shown, the history of the lake may be made
out with great clearness and detail. TIn so far as the record is frag-
mentary, or in so far a8 thess conditions are not all fulfilled, the his-
tory of the lake remaing obscure in some or all ite parts, It may be
here added, in anticipation of that which is to follow, that the shore
features of Lake Passaie are not, at most points, conspicnonsly devel-
oped, and that their obsonrity is plainly not the result of snbeequent
erceion. It must be inferred that they were never well developed.
Hince the eize of the lake was sufficient to have allowed of waves of
geveral miles feteh, the meager development cannot be ascribed to the
gmullness of the lake, It is, therefore, concluded that the life of the
lake was ehort, The evidence is sofficient to show that the history
of Lake Passaic wes not a simple one, but the record is not suffi-
ciently complete or definite to msake it pessible to decipher with cer-

tainty all its stages.




