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INTRODUCTION

Tar Black Rock Forest, a privately own tract, is situated
on the northwest side of the Hudson Highlands, a few
miles west of the Hudson river, in the towns of Cornwall
and Highland, New York (See Tryon, 1930). As a part
of its research program the Forest has undertaken vari-
ous ecological, pedological, and geological studies of
which this report is a part. The purpose of this study has
been two-fold: (1) to determine the relationship between
the glacial deposits and the timber types; and (2) to dis-
cover whether repeated cutting and burning of the forest
has induced changes in the subsoil since colonial times by
acceleration of the geological processes.

The Wisconsin ice sheet covered this portion of New
York state (See Fig. 8) and extended as far south as
northern New Jersey (See Bayley and others, 1914).
The amount of weathering which the glacial deposits in
the Forest have undergone leads to the conclusion that
the last ice to pass over the Highlands was Early or Mid-
dle Wisconsin in age. The Highlands were never again
covered by the continental glacier; nevertheless the near
presence of ice in the Catskill mountains (Rich, 1935)
must have produced a very rigorous climate in the vi-
cinity of the Forest. It has been possible to show that the
processes active under this ‘“‘periglacial”’’ climate * modi-
fied the surface features which were the direct result of
glaciation; and that the mineral soil on which the timber
grows is a frost-heaved and weathered layer derived from
the Harly or Middle Wisconsin till and from the country
rock of the region.

The report will first mention previous geological in-

1 Refers to the area around the borders of the ice sheet and was first
so used by von Lozinski in 1909 (See von Lozinski 1910).

1



2 GLACIAL GEOLOGY OF

vestigations that have been carried out in this region, and
will then describe the topography. Next an account of
periglacial phenomena from northern Europe and arctic
regions will be given, so that in the discussion of the
glacial deposits which follows, it will be possible (1) to
show the similarity of such phenomena as described from
other areas to the features found in the Forest; and (2)
to show that the upper loose-textured material which
everywhere overlies the till is of periglacial origin. Fol-
lowing a summary of the results obtained from this geo-
logical investigation, conclusions will be stated regarding
the relation of geological processes, past and present, to
the timber types.

The work was carried on for about six weeks during
the early part of the summer of 1937 in the company of
Dr. Hugh M. Raup of the Arnold Arboretum, who has
been engaged in a botanical study of the Forest, and at
whose suggestion the work was first undertaken. The
writer is indebted to Dr. Raup for his assistance in the
gathering of the data contained herein and for many help-
ful discussions of the problems involved during both the
field work and the preparation of the manuscript. Dr.
Kirk Bryan of Harvard University spent several days
with the writer in the Forest and the surrounding region,
and has been kind enough to criticize the manuseript.
The Storm King School furnished a laboratory and
equipment for the mechanical analyses. Finally, it is a
pleasure for the writer to acknowledge his indebtedness
to the owner and staff of the Black Rock Forest for the
opportunity to carry on this study and for their assist-
ance throughout its duration.



PREVIOUS GEOLOGIC WORK

Tar Forest lies entirely within the area of the pre-Cam-
brian rocks of the Hudson Highlands. The bed rock
geology of the West Point Quadrangle has been mapped
in detail by Berkey and Rice (1921) but this area includes
only the southeast corner of the Forest. Considerable
field work has been done in the Schunemunk Quadrangle
by Colony and others but the results are as yet largely
unpublished. The latest account of the area, together
with a bibliography of the more important reports deal-
ing with it, is to be found in Guidebook No. 9 of the XVI
International Geological Congress (1933). So far as ob-
served, the ‘“Storm King granite’’ or a closely related
type of igneous rock is the prevailing rock of the Forest.
However no detailed study of the bed rock was attempted.

The glacial geology of the Highland area, including
the Forest, has never been very extensively studied so
far as the writer is aware. Brief mention of the glacial
features of the Hudson Gorge has been made by Wood-
worth (1905), Johnson (1925), Thompson (1936) and
others. Data regarding the glacial deposits to the north
of the Highlands have been recorded by Woodworth
(1905) and by Berkey (1911).

The soils of the Highland region were mapped by
Crabb and Morrison (1914) for the U. S. Department of
Agriculture. Recently Scholz (1931) made a study of the
““Cove Soils’’ of the Forest. Most of the soils are of the
“brown earth’’ type, although small areas ‘‘where a
slightly podosolized profile had developed under hemlock
stands,”” were noted. The profiles used extended to
depths of a little over 25 inches, and the soils are classi-
fied as predominantly ‘‘clay loam’’ (clay content not over
30 per cent). Five typical profiles ‘‘show an important
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4 GLACIAL GEOLOGY OF

similarity in that the lower part of the soil profile is char-
acteristically compacted.”” A columnar structure is
locally present. This compacted layer is known as
““hardpan.”” The humus content is rather uniform.
Scholz states ‘“that the soil mantle is deepest on upper
slopes and hilltops and shallowest in the deep, V-shaped
valleys and along the lower slope areas,”” and further
that ‘“on the steeper upper slopes and high ridge tops
. . . the glacial till is ordinarily deepest.”” Scholz con-
cludes that the abuse which the Forest has undergone has
not greatly affected the soil, and that ‘‘there is no . . .
convincing evidence of destructive surface erosion.
Mechanical analysis data reveal only a slight tendency
toward the physical translocation of clay and colloidal
materials from upper soil horizons to lower ones.”’



TOPOGRAPHY

Trae Black Rock Forest lies on the north side of the Hud-
son Highlands. The area can be separated into two
physiographic divisions: one, the ‘‘Highland’’ section,
and the other, the ‘“Northern Slope’’ section (See map,
Fig. 1). The Highland section is an area of swamps and
artificial ponds separated by low hills and rolling up-
lands. The relief is seldom over 200 feet with altitudes
varying from about 1225 feet to the highest point in the
Forest, Spy Rock, at an altitude of 1463 feet. Belonging
to the Highland section but lying at somewhat lower alti-
tudes are the lowland near the Upper Reservoir, Aleck
Meadow and Glycerine Hollow. These valleys or ‘‘coves,’’
as they are called in this region, are located in the north-
ern and eastern part of the Forest and reach only to alti-
tudes of 900 to 1000 feet. The Northern Slope section
lies at altitudes of 420 to 1225 feet, and is characterized
by steep, northwest slopes and deep ravines such as Black
Rock Hollow.

Inspection of the topographic map of the Highland
section shows that, with few exceptions, the ponds,
swamps and ridges trend either northwest or northeast.
This pattern is related to a system of joints in the coun-
try rock, as random observations have shown. That other
zones of weakness in the rocks are present is suggested
by the diverse trend of such valleys as that of Jim’s Pond
at the base of Kagle Cliff, and of Bog Meadow Pond.
There is a tendency for the northwestern and southwest-
ern slopes of the hills to be oversteepened. Many of the
larger rock slides occur on such slopes. A few observa-
tions indicate that this asymmetry of slope is due to the
northeasterly plunge of a linear structure in the crystal-
line rock of the Highlands. This structure leads to the
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6 GLACIAL GEOLOGY OF

formation of gentler, northeasterly (‘‘dip’’) slopes. A
similar relationship is general in the northern part of the
Highlands and was noted by Thompson (1936) in the
Storm King-Breakneck gorge.

Small, rounded, bed-rock knobs, 10 to 20 feet high, are
very abundant in the Highland area (See Fig. 1). In
places these knobs form the higher summits and are sep-
arated one from another either by a swamp or by a shal-
low swale partly filled with weathered till overlain by
warp. These knobs resemble roches moutonnées in form
although all traces of polish or of striae are absent. Kx-
foliation is removing thin plates of rock (See Plates XII
and XIII). The surface of the ledges is very rough;
large crystals of feldspar project one-half an inch or
more above the surface (as on Hagle Cliff). Weather
pits, 2 to 3 inches deep, and solution grooves parallel to
the linear structure in the crystalline rock are common
(as on Black Rock). Large talus blocks cover most
of the steeper slopes in the Highland section, such as
the west slope of the Hill of Pines, Rattlesnake, the
hill to the east of Arthur’s Pond, and Kagle Cliff.
These talus slopes or ‘‘slides’’ are generally overgrown
by forest except for the small ‘“slide’” on the west slope
of Mt. Misery where some movement of small stones is
in progress at the present time. On the gentler slopes
scattered boulders lie upon warp, thin till and rock out-
crop; as on the north slope of Mt. Misery, Black Rock,
Rattlesnake and on the slopes surrounding Glycerine
Hollow.

Of the eight ponds in or near the Forest, only one of
them, Sutherland, is natural; the others are held in by
dams. Ifach pond covers an original area of swamp or
meadow. There are numerous large and small swamps
many of which lie in basins carved out of bed rock.
Kverywhere the surface of the bed rock has glacial forms,
but nowhere in the Highland section is there an area
whose topography is that of a typical ground moraine. A
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possible exception is the southeast slope of Mt. Misery
where a tiny swamp appears to be held in on all sides by
weathered till. Klsewhere any original till over the
glaciated bed rock has been largely removed by perigla-
cial solifluction.

The Northern Slope section is characterized by steep
slopes at higher altitudes developed on bed rock and by
gentler slopes at lower altitudes where a thick blanket of
glacial debris laps up on the Highlands from the north-
west. The steeper slopes are covered, in many places, by
talus or ‘“slide rock.”” The surface of the thick glacial
deposits is very smooth. TLocally there are slight surface
irregularities which might be remnants of ground
morainal topography, but such features are here inter-
preted as the result of solifluction in the Periglacial In-
terval. The rather gently sloping, smooth surface of
these deposits is dissected by numerous brooks which
have carved out sharp, V-shaped ravines. These gulches
may reach a depth of 30 to 40 feet, but have not been cut
more than 10 feet into bed rock. The streams have steep
gradients which, in detail, are broken by innumerable
falls that separate reaches of gentler grade. Ramparts
of boulders, deposited by great floods, are common, espe-
cially where the gradient is gentle. Locally there are
very small terrace remnants along the banks of the
stream, the surfaces of which are marked by old channel
ways and boulder ramparts. In most places the ram-
parts and old channel ways are overgrown by large trees
which show no evidence of having been disturbed by
floods. However, locally trees are found whose growth
has been disturbed by the piling in of boulders on their
upstream side. The minor terraces occur at all elevations
above the stream bed and do not appear to be remnants
of a former stage in the erosion cycle, but the result of
continued downecutting by the stream.



THE PERIGLACIAL CLIMATE

Ax axomarovus feature of the topography, as previously
described, is the absence of typical ground morainal
topography on the surface of the thick glacial deposits;
with nevertheless the presence, on the upland, of rock
knobs (roches moutonnées) with a pseudo-glacial form.
The writer believes that these anomalies are the result of
processes active during deglaciation under the periglacial
climate of that time. The probable importance of the
periglacial climate for North American glacial geology
was first mentioned by Bryan (1928) in a review of Kes-
sler’s book, ‘‘Das HKiszeitliche Klima.’” In the following
section a brief account of periglacial phenomena as rec-
ognized in northern Kurope and arctic regions will be
given so that in the deseription of the Forest which fol-
lows, the similarity of forms in the Forest to those in the
Arctic will be clearly brought out.

Following the excursion of the XI International Geo-
logical Congress to Spitzbergen in 1910 a series of papers
appeared describing the soil forms which are there pro-
duced under the prevailing arctic climate. Solifluction is
considered by Hogbom (1914) to be one of the dominant
erosive agents at work in that region, comparable in im-
portance with running water or with ice (See also An-
dersson, 1906). Solifluction involves the down-slope
movement of fragmental material more or less as a unit.
According to Hoghom (op. cit.) solifluction is the work
of frost acting in two different ways: (1) by regelation
or repeated freezing and thawing; and (2) by an increase
in water-holding capacity of the surficial layer, caused
by the presence beneath it of frozen subsoil, the ‘“tjile”’
of Kuropean workers. The solifluction layer becomes

8



THE BLACK ROCK FOREST 9

loamy and plastic because intense frost weathering
breaks up the material into small pieces.

Solifluction leads to the formation of rather smooth,
uniform slopes covered with coarse and fine, fragmental
material. Hogbom (op. cit.) describes a steep mountain
slope in Spitzbergen that is covered with large fragments,
whereas on a gentler slope at its base originally coarse
material has been broken into fine as the result of frost-
weathering. The break-up favors solifluction on this
gentler gradient, which process carries material down-
valley and prevents the accumulation of debris at the
base of the steep mountain slope.

In the mountains of Spitzbergen frost action has re-
moved almost all traces of Pleistocene glaciation (Hog-
bom, op. cit.). Smith (1910) records that in the Seward
Peninsula region of Alaska ‘‘high-level gravels become
so mixed with water-sorted material that the prospector
could not recognize the presence of stream gravels. . . .”’

Beginning with the publication of wvon Lozinski’s
paper in 1909 there has been a gradual recognition of the
presence of fossil arctic soil forms in northern Kurope
outside of the limit of the last ice sheet. Here there is a
surface layer which consists of a jumble of angular blocks
of various rock types set in a loamy matrix. This layer
is attributed to frost action and solifluction active during
the glacial maximum (See Kessler, 1925; Woldstedst,
1929). Such a layer has been described under various
names, including ‘‘warp,’” ‘‘trail,”” ‘‘head,’”” and ‘‘rubble
drift’’ (See Hogbom, 1914 ; Denny, 1936). In this paper
the term warp will be used.

In a recent paper von Lozinski (1933) has reviewed
the subject of periglacial weathering and soil formation.
He divides the ‘“periglacial facies of mechanical weather-
ing’’ into three categories, namely: (1) the periglacial
facies of the rubble fields (Schuttfelder); (2) the peri-
glacial facies of the ‘‘Palsen’ fields (‘‘Hummock
fields’’) ; and (3) the periglacial facies of the permanent
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ground frost or tjile (formation by high ground water of
a bluish-gray clay). The rubble field facies is the only
one that has been recognized in the Forest. Von Lozinski
shows that the original form of a frost-rifted block is
sharply angular. Although periglacial frost action was
effective on all types of rock, rubble fields can be pre-
served today only in rock of the more resistant types.
Since the cessation of periglacial action the softer rocks
have been reduced and rounded by post-glacial weather-
ing. Vegetation has encroached over many rubble fields
so as to obscure them from view. (See von Lozinski,
1910, and Schott, 1931.)



GLACIAL DEPOSITS

MeTHOD OF STUDY

A GeENErAL reconnaissance of the few natural exposures
of glacial deposits within the Forest was followed by a
campaign of digging pits at places considered critical.
In all, 23 pits, whose location is shown on Fig. 1, were
excavated to depths of from 1% to 14 feet. An intensive
study was made of 39 samples, each consisting of a cubic
foot removed from the desired depth. Kach sample was
passed through a sieve with a five-eighths inch mesh and
the fines discarded, because it was thought that a study
of the coarse fraction alone would yield the desired re-
sults. If the material ran high in clay, water was poured
on the sample to force it through the sieve. The stones,
thus separated, were washed and then sorted according
to the several rock types present. All particles retained
on the sieve and therefore larger than five-eighths of
an inch in diameter, but smaller than one foot in diameter
are here called ‘‘stones.”” All larger fragments are
called ‘‘boulders,’”” and were not considered in sampling.
The stones of the several rock types were counted, and
their volume calculated by means of their displacement in
water. The volume of stones per cubic foot in per cent
and the percentage of the several types by number and by
volume was calculated. The resulting data are given in
the accompanying tables and discussed in detail in the
following pages.

GENERAL CHARACTER

Till and warp are the only glacial deposits found within
the confines of the Black Rock Forest. Water-laid sand
and gravel are absent, although such materials and also

11



12 GLACIAL GEOLOGY OF

glacial clay occur in the lowland to the north. In the
Highland section the till and warp are thin and discon-
tinuous. On a portion of the northern slopes the drift
is thicker and more continuous, and an area covered by
thick till overlain by warp has been mapped (See Fig.
1). Because the till and overlying warp have been
weathered and iron-stained to a depth of from 6 to 12
feet, and because of the lack of good natural exposures,
only one sample of absolutely unweathered till was col-
lected, which was from the bank of Black Rock brook
(No. 4a. Numbers refer to localities shown on Fig. 1.).
However, unweathered blue-gray boulder clay was ob-
served elsewhere in the undercut banks of Black Rock
brook and also in those of Canterbury brook. Sixteen
additional samples of till were gathered which are only
mederately weathered.

The upper 1 to 4 feet of the weathered zone is loose
and contains more boulders than the underlying till. It
is a jumbled mass of pebbles and boulders in a yellowish-
brewn matrix of sand and clay. However, as shown by
the detailed sections and pebble counts here recorded, it
is largely derived from the underlying till. As it is now
being weathered and destroyed by erosion, it must have
been formed at a time previous to the present. As
brought out in detailed studies it is a frost-heaved layer
or warp, produced when frost action more intense than
that of today was prevalent. Presumably this time lay
within the Periglacial Interval. Both the warp and the
underlying till have been somewhat weathered since that
date. Wherever the glacial covering is less than 2 feet
thick the weathered warp rests directly upon bed rock.

The nature of the till is determined by the general
direction of movement of the continental ice and by the
character of the underlying bed rock. As shown by
glacial striae in the Forest and elsewhere, the ice moved
from the north to the south and southeast. It is at once
apparent that the situation of the Forest on the north-
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west side of the Hudson Highlands in the area of the
pre-Cambrian crystalline rocks," and adjacent to the
boundary separating them from the Paleozoic sedimen-
tary rocks in the lowland to the northwest determines
the types of stone in the till of the Forest area (See Fig.
8). The till is a mixture of crystalline and sedimentary
rocks, and in a given sample the proportion of erystalline
rock increases with distance south of the boundary
(except as noted below).

TraIick T oN NorTH SLOPES
BLACK ROCK BROOK SECTION

In order to obtain a cross section from the surface
down to completely unweathered till it was necessary to
excavate an exposure to a depth of at least 10 feet. Such
an excavation was made in the west bank of Black Rock
brook at an altitude of about 490 feet (No. 4). By re-
moving a maximum of about 4 feet of slumped material
from the bank of the brook a 14-foot section was exposed
which serves as;the type for the area and which is shown
in Plate T and Fig 2. A blue-gray boulder clay, the upper
surface of which lies about 12 feet below the top of the
bank, grades upward through 4 feet of yellowish-gray
boulder clay into a yellowish-brown mass of pebbles and
boulders of which the upper 4 feet is a somewhat
weathered warp. The results of mechanical analyses of
samples from each of the three zones are shown in Table
No. 1.

The blue-gray boulder clay (No. 4a) is the parent ma-
terial from which the upper zones have been largely de-
rived. It is a hard and compact clay containing many
pebbles and boulders. Most of the stones are striated

1 Throughout this paper in deseriptions of samples the term ‘erystalline
rock’’ will be used to refer to all stones derived from the pre-Cambrian

rocks of the Highlands, although in a strictly petrographic study the rocks
would he subdivided into granite, gneiss, schist and so forth.






